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Land	
  Use	
  and	
  the	
  Carbon	
  Cycle	
  

•  In	
  the	
  context	
  of	
  Earth	
  System	
  Models	
  
•  Concepts	
  &	
  processes	
  represented	
  
•  Simula6ons	
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Define: 
Land Cover vs. Land Use vs. Land Management 

Current-generation land models (e.g. CLM) 



Land-­‐Atmosphere	
  Interac6ons	
  

LAND-­‐ATMOSPHERE	
  FEEDBACKS	
  

±? 

why	
  Land	
  Use	
  in	
  ESMs?	
  



Land-­‐Atmosphere	
  Interac6ons	
  
	
  LAND-­‐ATMOSPHERE	
  FEEDBACKS	
  

•  Land	
  Cover	
  Change	
  due	
  to	
  Land	
  Use	
  →	
  Atm.	
  changes	
  
• Atmospheric	
  changes	
  →	
  Soil	
  &	
  vegeta6on	
  affected…	
  

A. Biogeophysical	
  interac6ons:	
  
1.   Surface	
  radia=on	
  balance	
  	
  	
  Rn	
  =	
  S	
  +	
  L	
  
2.   Surface	
  heat	
  balance	
  	
  	
  	
  	
  	
  	
  Rn	
  =	
  H	
  +	
  λE	
  

B.  Biogeochemical	
  interac6ons	
  
1.   Carbon	
  cycle	
  
2.   Nutrient	
  cycles	
  
3.   Dust,	
  biogenic	
  emissions,	
  …	
  

think	
  albedo	
  
think	
  evapotransp.	
  

think	
  biosphere	
  
think	
  nitrogen,	
  phosphorus,	
  …	
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Biogeochemical processes… 
in the Community Land Model 

GPP=S(Photosynthesis)	
  
NPP	
  =	
  GPP-­‐Ra	
  
NEP	
  =	
  NPP-­‐Rh	
  
NBP	
  =	
  NEP-­‐Fire	
  
NEE	
  =	
  -­‐NBP	
  

Thornton	
  et	
  al.	
  



All	
  these	
  processes	
  are	
  affected	
  by	
  and	
  may	
  also	
  affect	
  the	
  physics	
  Thornton	
  et	
  al.	
  

Biogeochemical processes… 
in the Community Land Model 



Define	
  Land	
  Use	
  in	
  a	
  CLM	
  grid	
  cell…	
  

Land	
  Cover	
  is	
  all	
  of	
  it…	
  

lake 	
  wetland	
   glacier	
  

C3	
  “crop”	
  
	
  
	
  
	
  
	
  
	
  
	
  

“unmanaged”	
  
soil	
  /	
  vegeta6on	
  
	
  
but	
  wood	
  harves6ng	
  
	
  
	
  

urban	
  

…is	
  the	
  Land	
  Use	
  

…is	
  the	
  land	
  mgmt!	
  

What	
  do	
  these	
  acronyms	
  mean	
  then? 	
  LULCC? 	
  LULM?	
  



C	
  pools	
  and	
  fluxes	
  in	
  the	
  CLM	
  associated	
  with	
  
LULCC	
  and	
  LULM	
  



Peter Lawrence et al. (2012) 

LULCC/LULM: input data to the CLM 
Change	
  in	
  tree	
  and	
  crop	
  cover	
  (%	
  grid	
  cell)	
  

Wood	
  harvest,	
  cumula=ve	
  %	
  of	
  grid	
  cell	
  



Historical simulation 
CO2 
Climate 
Nitrogen deposition 
Land cover change 
 
LAI ì except where crops expand 

Simulated changes in Leaf Area Index 
2005-1850 

Peter Lawrence et al. (2012) 

Single forcing simulation 
 
Land cover change only 
 
LAI î except where reforestation 



Simulated	
  albedo	
  &	
  temperature	
  changes	
  	
  
Land	
  cover	
  change	
  only	
  
Albedo	
  

Air	
  Temperature	
   Air	
  Temperature	
  

Historical	
  simula6on	
  
Albedo	
  

Peter Lawrence et al. (2012) 



Effects	
  of	
  LULCC	
  on	
  20th	
  century	
  temperature	
  

annual	
  surface	
  ΔT	
  

Biogeophysical	
  
Weak	
  global	
  cooling	
  (−0.03	
  °C)	
  

Net	
  
Warming	
  (0.13-­‐0.15	
  °C)	
  	
  

Pongratz	
  et	
  al.	
  (2010)	
  GRL	
  

Biogeochemical	
  
Strong	
  warming	
  (0.16–0.18	
  °C)	
  

Prevailing	
  paradigm…	
  
Compe6ng	
  signals	
  from	
  deforesta6on:	
  
surface	
  albedo	
  ì  countered	
  by	
  
carbon	
  emission	
  ì	
  



LULCC/LULM data out to 2100 

Peter Lawrence et al. (2012) 

Crop	
  î	
  largest	
  

Forest	
  area	
  ì	
  to	
  store	
  C	
  

Crop	
  area	
  ì	
  largest	
  

Biofuels	
  assumed	
  in	
  wood	
  harvest	
  



Sitch et al. (2005) 

A2	
  -­‐	
  widespread	
  cropland	
   B1	
  -­‐	
  temperate	
  reforesta=on	
  

Biogeochemical 

Net effect 

Biogeophysical 

Effects	
  of	
  LULCC	
  on	
  21st	
  century	
  temperature	
  

ΔT2100	
  



Carbon	
  model	
  intercomparison	
  

Figures courtesy of Pierre Friedlingstein 

Uncertainty	
  arises	
  from	
  differences	
  in	
  terrestrial	
  fluxes	
  
	
  
• 	
  One	
  model	
  simulates	
  a	
  large	
  source	
  of	
  carbon	
  from	
  the	
  land	
  
• 	
  Another	
  simulates	
  a	
  large	
  terrestrial	
  carbon	
  sink	
  
• 	
  Most	
  models	
  simulate	
  modest	
  terrestrial	
  carbon	
  uptake	
  
• 	
  Terrestrial	
  carbon	
  cycle	
  can	
  be	
  a	
  large	
  climate	
  feedback	
  
• 	
  Considerable	
  more	
  work	
  is	
  needed	
  to	
  understand	
  this	
  feedback	
  

CSM1 



Max > 1000 ppm 
Min < 750 ppm… 

 
Large uncertainty at 2100 

CSM1 

Carbon	
  model	
  intercomparison	
  

courtesy of Pierre Friedlingstein 





Peter Lawrence et al. (2012) 

CLM/CESM	
  simulated	
  LULCC	
  carbon	
  flux	
  to	
  atmosphere	
  

consistent	
  with	
  es6mated	
  land	
  use	
  flux	
  over	
  the	
  historical	
  period	
  
-­‐-­‐-­‐	
  

consistent	
  with	
  es6mated	
  wood	
  harvest	
  flux	
  over	
  the	
  historical	
  period	
  and	
  the	
  RCPs	
  

CLM/CESM	
  simulated	
  wood	
  harvest	
  flux	
  



:	
  reforesta=on	
  drives	
  C	
  gain	
  
:	
  deforesta=on	
  &	
  wood	
  harvest	
  drive	
  C	
  loss	
  	
  

Peter Lawrence et al. (2012) 

Huh,	
  so	
  land	
  use	
  choices	
  ma`er!	
  

Ecosystem	
  carbon	
  
(excluding	
  product	
  pools)	
  





22	
  

Biogeochemistry 
o  Land	
  use	
  flux	
  &	
  wood	
  harvest	
  flux	
  both	
  contribute	
  warming	
  
 
Biogeophysics 
o  Higher	
  albedo	
  of	
  croplands	
  &	
  grasslands	
  cools	
  climate	
  

1st set of Conclusions 
Broad conclusions 
o  LULM	
  maNers	
  at	
  the	
  regional	
  scale	
  =>	
  include	
  in	
  detec6on	
  &	
  aNribu6on	
  
o  LULM	
  choices	
  will	
  likely	
  influence	
  future	
  climate	
  

Biogeophysical vs. BGC effects  &  Managed vs. Unmanaged vegetation 
o  Biogeochemical	
  effects	
  from	
  LULM	
  dominate	
  to	
  a	
  first	
  order	
  
o  So	
  human	
  behavior	
  is	
  our	
  greatest	
  uncertainty	
  in	
  future	
  scenarios	
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a	
  CLM	
  grid	
  cell	
  
with	
  interac6ve	
  crop	
  management	
  

lake 	
  wetland	
   glacier	
   urban	
  

C3	
  “crop”	
  
	
  
maize	
  (C4)	
  
	
  
wheat/barley/rye	
  
	
  
soybean	
  

}	
  crop-­‐specific	
  phenology	
  +	
  
C	
  alloca6on	
  

unmanaged	
  
soil	
  /	
  vegeta6on	
  



Maize	
  +	
  Soybean	
  +	
  Temperate	
  Cereals	
  

RamankuNy	
  et	
  al.	
  

(%	
  of	
  gridcell)	
  
	
  





2nd	
  set	
  of	
  Conclusions	
  
•  Interac6ve	
  crop	
  management	
  in	
  the	
  CLM	
  
Ø BeNer	
  simulated	
  annual	
  cycle	
  of	
  crop	
  LAI	
  
Ø BeNer	
  annual	
  cycle	
  of	
  the	
  NEE	
  (and	
  CO2)	
  
Ø Promising	
  for	
  simula6ons	
  with	
  interac6ve	
  CO2	
  
Ø BeNer	
  summer	
  precip	
  over	
  MW	
  N.	
  America,	
  too	
  

•  Human	
  dimensions:	
  new	
  fron6er	
  in	
  CESM	
  research	
  
Ø LULM	
  &	
  urbaniza6on:	
  steps	
  in	
  that	
  direc6on	
  
Ø S6ll	
  also	
  resolving	
  more	
  basic	
  issues:	
  biogeophys.	
  &	
  bgc	
  
Ø Coupling	
  ESMs	
  and	
  IAMs	
  in	
  the	
  not	
  so	
  distant	
  future…	
  



forms	
  of	
  land	
  management	
  other	
  than	
  plan6ng	
  &	
  harves6ng:	
  
irriga6on,	
  fer6liza6on,	
  6llage,	
  crop	
  rota6on,	
  mul6-­‐cropping	
  

%	
  of	
  crops	
  equipped	
  for	
  irriga6on	
  



Schlesinger	
  (1991)	
  





ques6ons	
  


