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The	  perturbed	  planetary	  biogeochemistry	  

Source: Global Carbon Budget 2014 



Over 1000 scenarios from the IPCC Fifth Assessment Report are shown 
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2014 

The	  perturbed	  planetary	  biogeochemistry	  



G. C. Hurtt et al  2011. Clim. Change 

Land	  use	  and	  land	  cover	  change	  

Only	  30%	  of	  the	  land	  surface	  is	  s<ll	  in	  primary	  state!	  	  
It	  was	  70%	  in	  1900..	  



The	  perturbed	  climate	  system	  
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Emerging signals from the biosphere 



Global	  persistent	  posi<ve	  trend	  in	  leaf	  area	  index	  

Zhu,	  Z.	  et	  al.,	  2016.	  Greening	  of	  the	  Earth	  and	  its	  drivers.	  
Nat.	  Clim.	  Chang.	  6,	  791–795.	  

The	  Planet	  is	  “greening”	  

	  
The	  main	  driver	  of	  greening	  is	  ...	  

CO2	  fer<liza<on	  
	  



Land	  biogeochemistry:	  C	  fluxes	  and	  pools	  in	  different	  la<tudes	  

Graven	  et	  al.	  Science	  341	  (2013).	  

Enhanced	  seasonal	  exchange	  of	  CO2	  	  
by	  northern	  ecosystems	  since	  1960	  

Liu	  et	  al.	  Nat.	  Clim.	  Chang.	  5,	  (2015)	  

Recent	  trends	  in	  global	  biomass	  



Interpreting the signals 



A	  comprehensive	  view	  of	  the	  forests’	  role	  in	  the	  climate	  system	  

Bonan G.B. Science 2008, 320:1444-1449 

Considered	  in	  
climate	  trea<es	  

Not	  accounted	  in	  land	  based	  mi<ga<on	  policies	  



What	  is	  the	  role	  of	  forest	  in	  the	  climate	  system?	  

	  Net	  climate	  effect?	  



We are living in a data-rich era! 
 

•  Vegeta<on	  structural	  and	  physiological	  
proper<es	  (biomass,	  tree	  height,	  SIF,	  GPP)	  

•  Surface	  biophysics	  (e.g.	  albedo,	  LST,	  ET,	  H)	  
•  Atmospheric	  GHG	  concentra<ons	  

The analysis presented are all based on satellite observations.. 
 



ΔT	  
	  

climate+land	  use	  

Detec<ng	  the	  signal	  of	  forest	  cover	  from	  satellite	  observa<ons	  

Reality	  at	  <me	  1	  

Detec<ng	  the	  signal	  of	  temporal	  changes	  in	  forest	  cover	  
Reality	  at	  <me	  2	  



M.	  C.	  Hansen	  et	  al.	  Science.	  342,	  850–3	  (2013).	  

Forest	  cover	  change	  
Annual	  observa<ons	  based	  on	  LANDSAT	  
30m	  resolu<on	  (2000-‐2012)	  

Surface	  temperature	  
MODIS	  AQUA	  
Day<me	  and	  night-‐<me	  
1Km	  resolu<on	  (2002-‐present)	  

Detec<ng	  the	  signal	  from	  observa<ons:	  datasets	  



ΔT	  =	  ΔTclim	  +	  ΔTfcc	  

Detec<ng	  the	  climate	  signal	  from	  observa<ons	  

	   	  ΔT	  –	  ΔTclim	  =	  ΔTfcc	  	  	  

= 	  	  	  	  	  	  	  	  ΔTfcc	  -‐	  	  	  	  	  	  	  	  ΔTclim	  	  

climate	  
variability	  

change	  in	  
forest	  cover	  

temperature	  
varia<on	  	  
	  

ΔT	  

The	  signal	  due	  to	  
climate	  variability	  

ΔTclim	  



Assessment	  of	  the	  varia<on	  in	  average,	  maximum	  and	  minimum	  air	  temperatures	  

Detec<ng	  the	  climate	  signal	  of	  changes	  in	  forest	  cover	  

Tropical	  zone	  



Biophysical	  climate	  signals	  in	  the	  different	  climate	  zones	  

Air	  temperature	   Surface	  temperature	  



The	  seasonality	  of	  the	  biophysical	  climate	  signal	  of	  forest	  cover	  



Regional	  es<mates	  of	  the	  biophysical	  climate	  signal	  of	  deforesta<on	  

Changes	  in	  air	  temperature	  due	  to	  forest	  losses	  in	  the	  decade	  2003-‐2012	  



Biophysical	  climate	  signal	  of	  changes	  in	  species	  composi<on	  

EVERGREENàDECIDUOUS	  



Detec<ng	  the	  land	  signal	  from	  observa<ons	  

Space	  for	  <me	  analogy	  

+	  	  	  	  No	  need	  of	  land	  use	  change	  to	  detect	  signals	  
+	  	  	  	  Factor	  out	  climate	  variability	  
-‐  Spa<al	  gradients	  are	  akributed	  to	  land	  cover	  	  
-‐  Complex	  un-‐mixing	  of	  signal	  in	  fragmented	  

landscapes	  

K3	  
K2	  

K1	  
Z	  

25	  pixels	  =>	  25	  values	  for	  Z	  
which	  can	  be	  LST,	  LE,	  albedo	  
[spa<al	  resolu<on:	  0.05	  dd]	  

Various	  frac<ons	  of	  
PFTs	  (here	  3)	  	  

which	  add	  up	  to	  1	  
[spa<al	  resolu<on:	  0.05	  dd]	  

Z1	  	  =	  b1K1,1	  	  +	  b2K2,1	  	  +	  b3K3,1	  
Z2	  	  =	  b1K1,2	  	  +	  b2K2,2	  	  +	  b3K3,2	  	  

	  …	  
Z25	  =	  b1K1,25	  +	  b2K2,25	  +	  b3K3,25	  	  	  



Impact	  of	  deforesta<on	  on	  the	  surface	  energy	  balance	  

Radia<ve	  fluxes	  

Turbulent	  fluxes	  

SWnet+LWnet	  =	  	  	  LE	  +	  H	  	  



Impact	  of	  deforesta<on	  on	  the	  surface	  temperature	  

Conversion	  Forests-‐>Grasslands/Croplands	  
Effect	  on	  day<me	  and	  nighrme	  surface	  temprature	  



The	  footprint	  of	  vegeta<on	  changes	  on	  the	  surface	  energy	  budget	  

Satellite	  observa<ons	  of	  the	  changes	  
in	  the	  global	  surface	  energy	  balance	  
due	  to	  land	  cover	  change	  during	  
2000-‐2010	  

	  
-‐  Increased	  albedo	  (and	  therefore	  the	  

reflectance	  of	  shortwave	  radia<on)	  

-‐  Increased	  surface	  temperature	  (and	  of	  
longwave	  emission)	  of	  about	  5.3	  W	  m-‐2	  

	  

-‐  The	  reduc<on	  of	  net	  radia<on	  is	  
compensated	  by	  a	  reduc<on	  of	  
evapotranspira<on,	  in	  par<cular	  in	  warm	  
climates	  (tropical,	  arid)	  



The	  biophysical	  climate	  value	  of	  forest	  carbon	  

Biomass	  varia<on	  (MgC/ha)	  
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Global	  dataset	  of	  forest	  biomass	  
	  
-‐  from	  satellite	  passive	  microwave	  observa<ons	  
-‐  spa<al	  resolu<on	  0.25°,	  period	  1993-‐2013	  

Temperature	  changes	  due	  to	  biomass	  varia=ons	  
	  

ΔT	  =	  ΔTclim	  +	  ΔTbiomass	  

	   	  ΔT	  –	  ΔTclim	  =	  ΔTbiomass	  	  	  

climate	  
variability	  

change	  in	  
forest	  biomass	  

temperature	  
varia<on	  	  
	  



The	  biophysical	  climate	  value	  of	  forest	  carbon	  

Strong	  sensi<vity	  	  
in	  arid/tropical	  
zones	  

Low	  sensi<vity	  	  
in	  temperate	  
and	  boreal	  zones	  



The	  net	  climate	  value	  of	  forest	  carbon	  

Bonan G.B. Science 2008, 320:1444-1449 

+	   =	  

?	  +	   =	  

How	  to	  integrate	  the	  biogeochemical	  and	  biophysical	  
climate	  value	  of	  forest	  carbon?	  



What	  is	  the	  climate	  value	  of	  forest	  carbon?	  

Temperature	  sensi<vity	  	  
to	  biomass	  varia<on	  

Biophysical	  and	  biogeochemical	  climate	  effects	  of	  biomass	  

Biomass	  from	  microwave	  
Biomass	  FAO-‐FRA	  
Biomass	  trends	  

Regional climate response 
to carbon emission/removals 

Leduc, M., et al. 2016. Nat. Clim. Chang. 6, 474–478. 

Decreasing	  forest	  biomass	  
where	  it	  has	  the	  maximum	  	  
climate	  value	  

Increasing	  forest	  biomass	  
where	  climate	  value	  is	  lower	  

For	  the	  climate	  a	  ton	  of	  
carbon	  is	  more	  valuable	  in	  
young/sparse	  forests	  



Local	  climate	  sensi<vi<es	  to	  CO2	  emissions/removals	  

Leduc,	  M.,	  et	  al.	  2016.	  Nat.	  Clim.	  Chang.	  6,	  474–478.	  

Regional	  climate	  response	  to	  carbon	  emission/removals	   Biophysical	  local	  climate	  response	  to	  varia<ons	  in	  forest	  
biomass	  

Cescar	  A,	  Alkama	  R.,	  2016	  in	  prep.	  

Implica=ons	  for	  land-‐based	  climate	  policies	  and	  forestry	  
•  Biogeochemical	  cooling	  is	  more	  important	  at	  northern	  la<tudes	  
•  Biophysical	  cooling	  on	  the	  contrary	  is	  more	  relevant	  in	  Tropical/Arid	  regions	  

(addi<onal	  incen<ves	  to	  reduce	  tropical	  deforesta<on,	  REDD+)	  

Not	  all	  the	  forest	  carbon	  has	  the	  same	  value	  for	  the	  climate!	  
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•  Forests	  play	  a	  key	  role	  in	  the	  climate	  system	  thanks	  to	  biogeochemical	  and	  
biophysical	  processes.	  To	  date	  only	  the	  first	  are	  accounted	  in	  climate	  trea<es.	  

•  Biophysical	  climate	  impacts	  of	  afforesta<on/deforesta<on	  change	  in	  sign	  and	  
magnitude	  in	  the	  different	  World	  regions.	  

•  The	  climate	  value	  of	  forest	  biomass	  is	  therefore	  not	  equal	  everywhere!	  

•  Biophysical	  cooling	  from	  forest	  cover	  increase	  the	  climate	  value	  of	  forest	  carbon	  
in	  Tropical/Arid	  region.	  This	  is	  reinforcing	  the	  local	  value	  of	  forest	  conserva<on.	  

•  On	  the	  contrary	  northern	  countries	  benefit	  more	  for	  the	  biogeochemical	  cooling	  
of	  the	  forest	  sink,	  due	  to	  the	  the	  larger	  climate	  sensi<vity	  to	  CO2	  

•  The	  development	  of	  land-‐based	  mi<ga<on	  policies	  based	  on	  forests	  have	  to	  go	  
beyond	  the	  C	  budget	  and	  consider	  the	  net	  climate	  value	  of	  forest	  biomass.	  

	  

Concluding	  remarks	  



The	  global	  biophysical	  climate	  signal	  of	  recent	  changes	  in	  forest	  cover	  

Alkama	  and	  Cescar	  (2016)	  Science.	  


