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				Research

				

				
				  I am a theoretical scientist.
				  My current interests focus 
    				  on understanding how the organization of the natural world emerges from
				  the interactions of life and the physical environment.
  				  This work uses mathematics in addition to 
				  statistical and nonlinear physics. 
				

				
				   The carbon cycle and its coupling to climate are central to the effort.
				  Despite the huge societal interest in such problems, fundamental mysteries remain unsolved.
				  For example, how do
				  global biogeochemical cycles arise and
				  evolve?  Are they stable?  How do they
				  impact the stability of climate?
				  
				  To address such questions, I typically construct simple mathematical models
				  that predict or explain observational data.
				  One recent result identifies characteristic 
				  climate-carbon cycle disruptions and their relation
				  to mass extinction.
				  Another shows how simple physical mechanisms lead to
				  temporal scale-invariance in microbial respiration.
				

			


			 
				Scientific evolution

				

 				  
				    I've contributed to research in each of my department's sub-disciplines, and statistical and nonlinear physics more generally.
                                    A unifying theme is the dynamics of complex systems.
				

				
				   I majored in applied mathematics as an undergraduate at Brown, and obtained my Ph.D. in geophysics from Stanford.
				  When MIT hired me as an assistant professor, they thought they were strengthening their program in seismology.
  				

				
				  I instead pursued other interests.  Over the next decade or so, I worked on
				  cellular automata models of fluid dynamics,
				  focusing on the dynamics of interfaces in two-phase flow.  After co-authoring a
				  book on the subject,
				  it was time to move on.
				  The work on fluid interfaces led to research in pattern formation and the branching of river networks.
              			  My current interests began when I became fascinated with the causes of mass extinction.
				  I started by viewing major past environmental fluctuations
				  in terms of nonlinear dynamical systems.
				  Further progress required that I learn more about how the carbon cycle works.
			


				
			
				Publications

				

				  
				The entire record is available at my
				Google Scholar page, or in my CV.
				Some recent highlights are below. 
				

				  	Rothman, D. H., Slow closure of Earth's carbon cycle, Proceedings of the National Academy of Sciences 121, e2310998121, (2024)
	Arnscheidt, C. W. and Rothman, D. H., The balance of nature: a global marine perspective, Annual Review of Marine Science 14, 49-73 (2022)
	Rothman, D. H., Characteristic disruptions of Earth's carbon cycle, Proceedings of the National Academy of Sciences 116, 14813-14822 (2019)
	Rothman, D. H., Thresholds of catastrophe in the Earth System, Science Advances 3, e1700906, DOI: 10.1126/sciadv.1700906 (2017)
	Rothman, D. H., Earth's carbon cycle: A mathematical perspective, Bulletin of the American Mathematical Society 52, 47-64 (2015)
	Rothman, D. H., Fournier, G. P., French, K. L., Alm, E. J., Boyle, E. A., Cao, C., and Summons, R. E., Methanogenic burst in the end-Permian carbon cycle, Proceedings of the National Academy of Sciences 111, 5462-5467 (2014).


				
				


				


			
				Media

				

				
				Attention in the press and elsewhere resulting from my group's work is collected here.
				

			



			
				Lorenz Center

				

				
				Interdisciplinary, curiosity-based research in climate science needs an environment to foster it. 
				To meet that need, Kerry Emanuel and I founded the Lorenz Center, named after our former colleague
				Ed Lorenz, the founder of chaos theory. 
				Raffaele Ferrari and I now co-direct the Center.
				

			

			  
			
				Honors

				

				  	Levi L. Conant Prize, American Mathematical Society (2016)
	Fellow, American Geophysical Union (2014)
	Fellow, American Physical Society (2012)
	Fellow, Radcliffe Institute for Advanced Study (2007-2008)


				
				

			


			
				Teaching

				

				
				   Lecture courses (course materials are available at the links)
				

				
				
	12.086/12.586 Modeling Environmental Complexity
					
					
	12.006J/18.353J/2.050J Nonlinear Dynamics: Chaos
					  
				


				
				
				   Recent seminar courses 
				

				
				  
	The Balance of Nature (Spring, 2021)
	The Persistence of Earth's Biosphere (Fall, 2021)
	Humanity, the Earth System, and the Long-Term Future (Spring, 2022)


				

			


			
				Research Group

				

				
				  A list of current and past students and postdocs is here.
				  Please contact me if you're interested in working in my group.
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