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Grassland	  in	  the	  world	

Over	  the	  globe,	  grassland	  
•  Covers	  up	  to	  40%	  of	  the	  land	  surface.	  	  
•  Supports	  the	  livelihoods	  of	  over	  800	  million	  people.	  
•  Provides	  48%	  (2.3	  billion	  tons)	  of	  the	  biomass	  used	  by	  

livestock	  (Herrero	  et	  al.,	  2013).	  

CO2	  

Non-‐CO2	  
gases	  

Land	  sink	  =	  2.6	  ±	  0.8	  Pg	  C	  yr-‐1	  
Forest	  =	  2.4	  ±	  0.4	  (Pan	  et	  al.,	  2011)	  	  

Livestock	  
sector	  

CH4	  

N2O	   53%	  

44%	  

Grassland	  and	  other	  non-‐forest:	  

Sink	  of	  0.2	  ±	  1.0	  Pg	  C	  yr-‐1	  

Grassland	  and	  cropland:	  	  

Source	  of	  5.1	  ±	  2.5	  Gt	  CO2-‐eq	  	  
(FAO,	  2013)	  

Carbon	  balance,	  CH4	  and	  N2O	  emissions	  
•  Livestock:	  51%	  of	  annual	  worldwide	  GHG	  emissions	  (Goodland	  and	  Anhang,	  2009).	  

Large	  uncertainIes	  
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Tool	  to	  es3mate	  GHG	  balance	  of	  grassland	

ORCHIDEE	  
+	  

Management	  	  
=	  

ORCHIDEE-‐GM	  	  
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An	  example	  in	  Europe:	  Grassland	  GHG	  balance	

Plant	  Soil	   Animal	  
(grazing)	  

ECO	  
SYSTEM	  

Intake	  

N2O	   Ra	  Rh	   NPP	   CH4	  

Excre3on	  as	  fer3lizer	  

CH4	   CH4	   N2O	  

2.5	  544	  436	  0.1	   20	   2	   11	  

70	  

0.3	   0.03	  

6	  

Animal	  
produc3on	  

6	  

,	  	  NGE	  	   NCB	  	  

Animal	  	  
(at	  barn)	   FARM	  

Animal	  
produc3on	  

Manure	  

Harvest	  loss	  
Manure	  
loss	  Ra	  

59	   3.5	  

7	  

Manure	  from	  
crop-‐fed	  animal	  

2.5	  

46	  

Harvested	  
biomass	  

CO2	  fluxes	  
Other	  C	  fluxes	  

N2O	  fluxes	  
CH4	  fluxes	  

NBP	   ,	  	  NGB	  	  

NGE:	  net	  GHG	  exchange	  of	  ecosystem	  scale	  (CO2	  +CH4	  +	  N2O	  expressed	  in	  CO2	  -‐eq)	  	  

NGB:	  net	  GHG	  balance	  at	  ecosystem	  and	  farm	  scale	  	  	  
NCB:	  net	  C	  balance	  at	  ecosystem	  and	  farm	  scale	  	  	  

NBP:	  net	  C	  balance	  at	  ecosystem	  scale	  (≈	  soil	  carbon	  change)	  

Averaged	  over	  
1961-‐2010	  
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An	  example	  in	  Europe:	  Grassland	  GHG	  balance	
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Ecosystem	   Ecosystem+Farm	  

(1961-‐2010)	  

CH4	  (78%)	  	  
N2O	  (22%)	  

Ø Non-CO2 gases are dominant in the grassland GHG balance of Europe.	


Ø European grassland acted as net C sinks over the past 50 years.                 	

Ø C sink < GHG source in CO2-eq at ecosystem and farm scale .	
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An	  example	  in	  Europe:	  	  
Grassland	  C	  balance	  (NBP)	  and	  livestock	

Ø Each of the 5 drivers contributes to a positive NBP trend. 	

Ø Livestock number change has the largest effect (47%).	


Decreased management 
intensity	


(decreasing livestock numbers)	
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Global	  grassland	  under	  management	

Grassland	  of	  the	  world	  	  
(derived	  from	  GLC2000)	  

Factors	  impact	  the	  GHG	  balance	  
of	  grassland:	  
•  Climate	  change,	  rising	  CO2	  	  
•  Livestock	  feeding,	  e.g.,	  grazing,	  

cuhng	  
•  Fer3liza3on	  with	  manure	  or	  

mineral	  N	  
•  N	  deposi3on	  
•  Land	  cover	  or	  land	  use	  	  

change,	  e.g.,	  grassland	  
establishment,	  abandonment,	  
transi3on	  to	  cropland/forest	  	  
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Livestock	  density	

Gridded	  livestock	  of	  the	  
world	  (Wint	  &	  Robinson,	  2007)	  

Livestock	  numbers	  &	  
produc3on	  1961-‐2010	  
(FAOstat)	  1890-‐2000	  
(Mitchell,	  1993;	  1998	  )	  Land	  use	  change	  

(1860-‐2005)	  (GLC2000	  +	  LUH	  
Hurl	  et	  al,	  2011)	  

Metabolisable energy 
(ME) index (1890-2010)	


Ruminant	  density	  
(1890-‐2010)	  
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Fer3liza3on:	  manure	  &	  mineral	  N	

Manure	  fer3liza3on	  
(Bouwman	  et	  al.,	  2002)	  

Metabolisable energy 
(ME) index (1890-2010)	


Manure	  fer3liza3on	  
(1890-‐2010)	  

Mineral	  fer3liza3on	  
(FAO/IFA	  2002)	  

Mineral	  fer3liza3on	  
(1950-‐2010)	  

Nitrogen fertilizers (N 
total nutrients) FAOstat	


Manure	  fer3liza3on	   Mineral	  fer3liza3on	  
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Management	  type:	  grazing,	  cuhng,	  mix,	  natural	

Pre-‐output:	  grazing	  biomass	  
&	  poten3al	  yield	  

Grass	  biomass	  use	  2000	  	  
(Herrero	  et	  al.,	  2013)	  

Changes in diet & feed 
conversion efficiency	


Constrain biomass use	


Metabolisable energy (ME) 
index (1890-2010);	


Changes	  in	  management	  
type	  (1890-‐2010)	  

Example	  of	  2000	  



Paris	  Workshop,	  Sino-‐French	  ins3tute	  for	  earth	  system	  sciences	  (SOFIE)	  
Oct.	  13-‐14	  2014	  

11	  

Global	  grassland	  under	  management	

ORCHIDEE-‐GM	  

The	  GHG	  balance,	  
Role	  of	  management,	  
C	  sequestra3on	  poten3al,	  
etc.	  	  

Ruminant	  density	  
(1890-‐2010)	  

Manure	  fer3liza3on	  
(1890-‐2010)	  

Mineral	  fer3liza3on	  
(1950-‐2010)	  

N	  deposi3on	  (1860-‐2010)	  
(LMDzINCA)	  

Land	  use	  change	  
(1860-‐2005)	  (GLC2000	  +	  LUH	  
Hurl	  et	  al,	  2011)	  

Climate	  change	  &	  CO2	  
(1900-‐2010)	  (CRU-‐NCEP,	  etc.)	  

Output	  (to	  be	  con3nued):	  

Changes	  in	  management	  
type	  (1890-‐2010)	  

Input:	  
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Thanks!	


