
Bio$c	
  and	
  abio$c	
  interac$ons	
  
result	
  in	
  temperature	
  sensi$vity	
  of	
  
soil	
  carbon	
  decomposi$on	
  could	
  
not	
  be	
  parameterized	
  with	
  Q10	
  	
  

Jinyun	
  Tang	
  and	
  Bill	
  Riley	
  



SOM	
  decomposi7on	
  is	
  complex	
  

Conant	
  et	
  al.,	
  2011	
  



Temperature	
  response	
  in	
  most	
  models	
  
dSOM
dt

= f1 moisture,OM ,microbe,chemistry,others( ) f2 temperature( )



Observa7ons	
  from	
  well	
  controlled	
  
incuba7ons	
  

Balser	
  and	
  Wixon,	
  2009	
  

Lloyd	
  and	
  Taylor,	
  1994	
  



Yet	
  empirical	
  experiments	
  overall	
  
imply	
  highly	
  variable	
  Q10	
  

Hamdi	
  et	
  al.,	
  2013	
  

Janssens	
  and	
  Pilegaard,	
  2003	
  



Are	
  we	
  lost	
  in	
  the	
  beauty	
  of	
  
(over)simplicity?	
  

Noise	
  or	
  variability?	
  

Lloyd	
  and	
  Taylor,	
  1994	
  



Model	
  structure	
  

Tang	
  and	
  Riley,	
  2014	
   One	
  substrate	
  one	
  microbe	
  model	
  



Represen7ng	
  temperature	
  sensi7vi7es	
  
of	
  different	
  processes	
  

Transi7on	
  state	
  
theory:	
  substrate	
  
conversion	
  

Arrhenius	
  rate	
  law:	
  
reversible	
  binding	
  
processes,	
  cell	
  
maintenance	
  	
  

Enzyme	
  stability	
  



Highly	
  variable	
  CUE	
  precludes	
  direct	
  
empirical	
  CUE	
  parameteriza7on	
  

Insufficient	
  empirical	
  data	
  to	
  fully	
  characterize	
  the	
  variability	
  of	
  
CUE	
  temperature	
  dependence.	
  	
  



Empirical	
  incuba7on	
  only	
  captures	
  one	
  
aspect	
  of	
  the	
  temperature	
  sensi7vity	
  

Balser	
  and	
  Wixon,	
  2009	
  



The	
  recalcitrance	
  illusion	
  

Equal	
  carbon	
  incuba7on	
  method,	
  from	
  Conant	
  et	
  al.,	
  2008	
  



Emergent	
  respira7on	
  temperature	
  
sensi7vity	
  



Large	
  Q10	
  variability:	
  >0	
  	
  



The	
  temperature	
  sensi7vity	
  is	
  dynamic	
  
rather	
  than	
  sta7c	
  



Large	
  uncertain7es	
  resul7ng	
  from	
  
incorrect	
  temperature	
  sensi7vity	
  
parameteriza7ons:	
  sta7c	
  CUE	
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Yearly constant T: M=1000 g C eqv

Plastic microbe
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Daily constant T: M=1000 g C eqv

Plastic microbe
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Hourly constant T: M=1000 g C eqv

Plastic microbe
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d

Yearly constant T: M=2000 g C eqv

Plastic microbe
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f

Hourly constant T: M=2000 g C eqv

Plastic microbe

Static CUE: 4 K warming

Prognostic CUE: 4 K warming

Static CUE: 4 K cooling

Prognostic CUE: 4 K cooling



Summary	
  

•  Both	
  modeling	
  and	
  empirical	
  studies	
  should	
  
adopt	
  the	
  dynamic	
  view	
  of	
  the	
  temperature	
  
sensi7vity	
  and	
  focus	
  more	
  on	
  actual	
  mechanisms.	
  

•  Emergent	
  responses	
  under	
  various	
  condi7ons	
  
should	
  be	
  measured	
  and	
  compared	
  consistently.	
  

•  Similar	
  problems	
  might	
  exist	
  for	
  moisture	
  
sensi7vity	
  in	
  ESMs	
  and	
  measurements	
  
interpreta7ons.	
  


