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            Abstract
As airborne methane surveys of oil and gas systems continue to discover large emissions that are missing from official estimates1,2,3,4, the true scope of methane emissions from energy production has yet to be quantified. We integrate approximately one million aerial site measurements into regional emissions inventories for six regions in the USA, comprising 52% of onshore oil and 29% of gas production over 15â€‰aerial campaigns. We construct complete emissions distributions for each, employing empirically grounded simulations to estimate small emissions. Total estimated emissions range from 0.75% (95% confidence interval (CI)â€‰0.65%, 0.84%) of covered natural gas production in a high-productivity, gas-rich region to 9.63% (95% CI 9.04%, 10.39%) in a rapidly expanding, oil-focused region. The six-region weighted average is 2.95% (95% CI 2.79%, 3.14%), or roughly three times the national government inventory estimate5. Only 0.05â€“1.66% of well sites contribute the majority (50â€“79%) of well site emissions in 11 outÂ of 15â€‰surveys. Ancillary midstream facilities, including pipelines, contribute 18â€“57% of estimated regional emissions, similarly concentrated in a small number of point sources. Together, the emissions quantified here represent an annual loss of roughly US$1â€‰billion in commercial gas value and a US$9.3â€‰billion annual social cost6. Repeated, comprehensive, regional remote-sensing surveys offer a path to detect these low-frequency, high-consequence emissions for rapid mitigation, incorporation into official emissions inventories and a clear-eyed assessment of the most effective emission-finding technologies for a given region.
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                    Fig. 1: Survey maps and methods summary.


Fig. 2: Estimated methane loss as a fraction of methane production.


Fig. 3: Cumulative well site methane emissions by region.



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Creating measurement-based oil and gas sector methane inventories using source-resolved aerial surveys
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 April 2023
                                    

                                

                                Matthew R. Johnson, Bradley M. Conrad & David R. Tyner

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        A measurement-based upstream oil and gas methane inventory for Alberta, Canada reveals higher emissions and different sources than official estimates
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 November 2023
                                    

                                

                                Bradley M. Conrad, David R. Tyner, â€¦ Matthew R. Johnson

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Methane emissions from upstream oil and gas production in Canada are underestimated
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 April 2021
                                    

                                

                                Katlyn MacKay, Martin Lavoie, â€¦ David Risk

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Data availability

              
              Anonymized emission and source data from the Kairos Fort Worth campaign are available atÂ Zenodo https://doi.org/10.5281/zenodo.8302419 (ref.Â 51), from the Kairos Permian atÂ Zenodo https://doi.org/10.5281/zenodo.10067753 (ref. 52). The remaining Kairos Aerospace data from this study are not available for open release due to confidentiality concerns. Kairos Aerospace is committed to working with research groups studying methane emissions. Access may be granted, but must be done directly through Kairos Aerospace. Interested researchers should contact research-collaborations@kairosaerospace.com. For sensitive Kairos and Enverus microdata, the published code contains aggregated summaries sufficient to reproduce key results in the paper: regional estimates of the magnitude and breakdown of methane emissions from oil and gas activity. In addition, our code repositories include all code used to aggregate these commercially sensitive microdata. All methane data from airborne campaigns led by the Carbon Mapper/JPL team since 2016 are available at https://doi.org/10.3334/ORNLDAAC/1727 and from refs. 1,2,42,43. Data required to reproduce maps of national and state boundaries within the USA are available at https://www.census.gov/geographies/mapping-files/time-series/geo/carto-boundary-file.html and from Esri, with national boundaries for Canada and Mexico at http://www.naturalearthdata.com/downloads/, lakes and rivers from the United States Geological Survey at https://www.sciencebase.gov/catalog/item/4fb55df0e4b04cb937751e02 and ocean boundaries from the Flanders Marine Institute at https://doi.org/10.14284/542.Â Source data are provided with this paper.

            

Code availability

              
              The data and code required to reproduce the key results of this article, as well as 100,000â€‰random samples from each simulated emissions distribution in this study, are available at Zenodo https://doi.org/10.5281/zenodo.10064774 (ref. 53)Â and https://doi.org/10.5281/zenodo.10073882 (ref. 54).
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