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Missing the "sink” 

What observations and models tell us about  
the future of land carbon dioxide uptake and  

why it matters for future climate change 



About Me 
•  UW	  Dept	  of	  Atmospheric	  &	  Oceanic	  Sciences,	  2007-‐	  

–  Assistant	  Professor	  
–  Faculty	  affiliate,	  CCR,	  SAGE,	  LMS,	  WE	  
–  B.A.	  Computer	  Sci/Envi;	  Studies,	  Oberlin	  College	  93-‐97	  
–  M.S.	  Geography,	  U.	  Minnesota	  98-‐00	  
–  Ph.D.	  Meteorology,	  Penn	  State	  02-‐06	  
–  Post-‐doc	  (ASP	  Fellow)	  NCAR,	  Boulder,	  CO	  06-‐07	  
–  S[nts:	  USFS;	  EPA;	  Dept	  of	  Forest	  Resources,	  UMN	  
–  Married,	  3	  girls:	  1,	  3,	  7,	  “South	  Jersey”	  na[ve	  



How does ecosystem ecology 
progress? 

•  Ecosystems	  are	  generally	  evolu[onarily	  
adapted	  to	  regional	  climate	  and	  its	  short-‐
term	  variability	  

	  
•  Expecta-ons	  of	  how	  these	  ecosystems	  
respond	  to	  climate	  varia[on	  form	  the	  basis	  
of	  ecosystem	  ecology	  and	  biogeochemistry	  

	  
•  But:	  Surprises	  are	  likely	  given	  the	  complex	  
interplay	  between	  ecosystems	  and	  climate	  



SURPRISE! 

•  Surprises	  are	  no	  fun	  for	  ecosystem	  
management	  

•  But:	  It’s	  also	  how	  science	  progresses	  

•  And:	  We	  are	  likely	  entering	  an	  era	  where	  
surprises	  will	  be	  more	  common.	  	  

	  
Why?	  



Why? CO2! 

Source:	  Lüthi	  et	  al	  (2008),	  CDIAC,	  &	  Wikimedia	  Commons	  
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Since 1990 
•  Global	  annual	  CO2	  emissions	  grew	  25%	  to	  

	   	  27,000,000,000	  tons	  of	  CO2	  
	  

•  CO2	  in	  the	  atmosphere	  grew	  10%	  to	  	  
	   	  385	  ppm	  

•  At	  current	  rates,	  CO2	  is	  likely	  to	  exceed	  	  
	   	  500-‐950	  ppm	  some[me	  this	  century	  

•  But:	  Rate	  of	  atmospheric	  CO2	  increase	  is	  about	  
half	  the	  rate	  of	  emissions	  increase.	  Why?	  



Where Is The Carbon Going? 

Houghton	  et	  al.	  (2007)	  
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Carbon Cycle 

Houghton	  et	  al.	  (2007)	  



What’s The Big Deal? 

IPCC,	  4th	  AR,	  (2007)	  



Common Theme: Uncertainty 

•  Friedlingstein	  et	  al.,	  2006	  



Common Theme: Uncertainty 

•  Sitch	  et	  al.,	  2008	  



Common Theme: Uncertainty 

Diurnal 

Annual 

Synoptic 
Month 

•  Error	  peak	  at	  diurnal	  &	  annual	  [me	  scales	  
•  Errors	  at	  synop[c	  &	  monthly	  [me	  scales	  

Not Significant 

Dietze et al., submitted 



Why Do I Study Terrestrial Carbon? 

Le Quére et al., 2009 



A Tower 



A Useful Tower 



A Region 



Regional Coherence 



Model-Data Assimilation 



Explaining Coherence 



The Value of Network Science 

•  Ecology	  is	  a	  “synthesis”	  science	  
Carpenter et al., 2009 

Dept of Energy, ORNL 





Climate and Carbon 
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Find the Surprise! 



The Future? 



Thanks! 

•  Desai	  Ecometeorology	  Lab	  (flux.aos.wisc.edu):	  

•  Funding	  partners:	  UW	  Graduate	  school,	  NSF,	  
UCAR,	  NOAA,	  USDA	  NRS,	  NASA,	  DOE,	  DOE	  NICCR,	  
WI	  Focus	  on	  Energy	  



Cultivating Future Scholars 

Service/Outreach 

Creativity 

Communication Management 
Presenting 

Writing 
Mentoring 

Proposing Ideas 
Designing Experiments 

Interpreting Results 

Time 
Money 
People 

Create 
Knowledge 

Disseminate 
Knowledge 


