
     

 

                 
                       

                 
  

 

 

 

            

 

                 
              

         
   

  

 

Which Emits More Carbon Dioxide: Volcanoes or Human     
Activities?  
By Michon Scott and Rebecca Lindsey 

Human activities emit 60 or more times the amount of carbon dioxide released by volcanoes each year. Large, violent eruptions 
may match the rate of human emissions for the few hours that they last, but they are too rare and fleeting to rival humanity’s 
annual emissions. In fact, several individual U.S. states emit more carbon dioxide in a year than all the volcanoes on the planet 
combined do. 

On the scale of carbon dioxide emissions, human sources far outweigh volcanoes. 

Human activities  
Human activities—mostly burning of coal and other fossil fuels, but also cement production, deforestation and other landscape 
changes—emitted roughly 40 billion metric tons of carbon dioxide in 2015. Since the start of the Industrial Revolution, more 
than 2,000 billion metric tons of carbon dioxide have been added to the atmosphere by human activities according to the Global 
Carbon Project. 



 

                
             

                  

 

 

                    

              

 
                 

        
           

                     
              

 

 

 

                      

        

      

Volcanoes  
Volcanoes emit carbon dioxide in two ways: during eruptions and through underground magma. Carbon dioxide from 
underground magma is released through vents, porous rocks and soils, and water that feeds volcanic lakes and hot springs. 
Estimates of global carbon dioxide emissions from volcanoes have to take both erupted and non-erupted sources into account. 

Much of the carbon dioxide released by volcanoes is emitted by degassing of subterranean magma when the volcano is 

not erupting. In this photo, volcanic gases and steam rise from Mount Merapi, Indonesia, on May 20, 2012. 

In a 2011 peer-reviewed paper, U.S. Geologic Survey scientist Terry Gerlach summarized five previous estimates of global 
volcanic carbon dioxide emission rates that had been published between 1991 and 1998. Those estimates incorporated studies 
reaching back to the 1970s, and they were based on a wide variety of measurements, such as direct sampling and satellite 
remote sensing. The global estimates fell within a range of about 0.3 ± 0.15 billion metric tons of carbon dioxide per year, 
implying that human carbon dioxide emissions were more than 90 times greater than global volcanic carbon dioxide emissions. 

On May 18, 1980, Mount Saint Helens experienced an explosive eruption, sending a column of ash, steam, and gases up to 60,000 

feet above sea level. For about nine hours, carbon dioxide emissions from the volcano may have matched human emissions, but such 

massive eruptions are rare and fleeting. 



          
           

          

                 
                  

   

              
               

              
         

                  
        

        

             
         

            
    

                 

 

                  
         

In 2013, another group of scientists—Michael Burton, Georgina Sawyer, and Domenico Granieri—published an updated 
estimate using more data on carbon dioxide emissions from subsurface magma that had become available in the years since the 
last global estimate. While acknowledging a large range of variability in the estimates, the authors concluded that the best 
overall estimate was about 0.6 billion metric tons of carbon dioxide per year. 

While higher than Gerlach's estimate, the figure is still just a fraction of carbon dioxide output from human activities. Gerlach 
remarked via email, “Taken at face value, their result implies that anthropogenic CO2 exceeds global volcanic CO2 by at least a 
factor of 60 times.” 

Occasionally, eruptions are powerful enough to release carbon dioxide at a rate that matches or even exceeds the global rate of 
human emissions for a few hours. For example, Gerlach estimated that the eruptions of Mount St. Helens (1980) and Pinatubo 
(1991) both released carbon dioxide on a scale similar to human output for about nine hours. Human emissions of carbon 
dioxide continue day after day, month after month, year after year. 

Today  versus  the  past  
Volcanic activity today may pale in comparison to the carbon dioxide emissions we are generating by burning fossil fuels for 
energy, but over the course of geologic time, volcanoes have occasionally contributed to global warming by producing 
significant amounts of carbon dioxide and other greenhouse gases. 

For example, some geologists hypothesize that 250 million years ago, an extensive flood of lava poured continually from the 
ground in Siberia perhaps hundreds of thousands of years. This large-scale, long-lasting eruption likely raised global 
temperatures enough to cause one of the worst extinction events in our planet's history. Current volcanic activity doesn't occur 
on the same massive scale. 

Climate  cooling  
Today, rather than warming global climate, volcanic eruptions often have the opposite effect. That's because carbon dioxide 
isn't the only thing that volcanoes inject into the atmosphere. Even small eruptions often produce volcanic ash and aerosol 
particles. 

Whether from small or large eruptions, volcanic aerosols reflect sunlight back into space, cooling global climate. The 1815 
eruption of Mount Tambora produced enough ash and aerosols to cancel summer in Europe and North America in 1816. 



             

  

          

   

Taken by astronauts from the Space Shuttle in early August 1991, this photo of the Earth's limb shows the double layer of volcanic 

aerosol particles that spread through the stratosphere following the catastrophic eruption of Mt. Pinatubo. Encircling the globe at 

altitudes even higher than the tops of thunderstorm clouds, the particles reflected so much incoming sunlight that global surface 

temperatures cooled off for two years. 

This article is in the public domain and is available at the following link: 
https://www.climate.gov/news-features/climate-qa/which-emits-more-carbon-dioxide-volcanoes-or-human-activities 
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