
Usage	
  des	
  Sols	
  dans	
  CMIP6	
  
Pré-­‐travail	
  IPSL	
  +	
  discussions	
  CNRM	
  

•  Coordina3on:	
  LUMIP	
  (Lawrence	
  et	
  al.	
  submi>ed)	
  

•  Releases	
  already	
  done	
  of	
  past	
  land-­‐uses	
  and	
  six	
  future	
  
scenarios	
  

•  What	
  informa3ons	
  will	
  we	
  get?	
  

•  Some	
  basic	
  rules	
  for	
  implementa3on	
  in	
  both	
  climate	
  models	
  
(IPSL,	
  ARPEGE)	
  

•  LUMIP	
  simula3ons	
  (partly	
  supported	
  by	
  CRESCENDO	
  ?	
  )	
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Provision	
  of	
  Land	
  Uses	
  for	
  CMIP6	
  	
  
from	
  LUMIP	
  –	
  Land	
  units	
  in	
  each	
  grid	
  cell	
  

h:p://luh.umd.edu/data.shtml	
  



Provision	
  of	
  Land	
  Uses	
  for	
  CMIP6	
  	
  
from	
  LUMIP	
  –	
  Land	
  management	
  per	
  grid	
  cell	
  

h:p://luh.umd.edu/data.shtml	
  



Land-­‐Use	
  Harmoniza3on	
  (LUH2)	
  

New	
  Resolu3on	
  
0.25°	
  grid-­‐cell	
  frac1on	
  
	
  

New	
  History	
  
Hyde	
  3.2,	
  FAO	
  based	
  
Landsat	
  F/NF	
  constraint	
  
Mul1ple	
  crop	
  types	
  (5)	
  
Mul1ple	
  pasture	
  types	
  (2)	
  
Updated	
  Forest	
  Cover/Biomass	
  
Updated	
  Wood	
  harvest	
  
Updated	
  ShiNing	
  Cul1va1on	
  
Extended	
  1me	
  domain	
  (850-­‐2015)	
  
	
  

New	
  Management	
  Layers	
  	
  
Agriculture	
  
Frac1on	
  of	
  cropland	
  irrigated	
  
Frac1on	
  of	
  cropland	
  flooded	
  
Frac1on	
  of	
  cropland	
  fer1lized	
  (industrial)	
  
Industrial	
  Fer1lizer	
  applica1on	
  rates	
  
Frac1on	
  of	
  cropland	
  for	
  biofuels	
  
Crop	
  rota1ons	
  
Wood	
  Harvest	
  
Frac1on	
  used	
  for	
  industrial	
  products	
  
Frac1on	
  used	
  for	
  commercial	
  biofuels	
  
Frac1on	
  used	
  for	
  fuelwood	
  
	
  

New	
  Future	
  Scenarios	
  
Six	
  futures,	
  SSP-­‐based	
  

4	
  Supported	
  by	
  DOE	
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Implemen3ng	
  Land	
  Use	
  Changes	
  
first	
  basic	
  rules	
  to	
  follow	
  

•  Anthropogenic	
  area	
  is	
  imposed	
  from	
  the	
  
provided	
  dataset	
  [even	
  at	
  present-­‐day	
  …	
  i.e.	
  
even	
  in	
  the	
  control	
  simulaCon!]	
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In	
  the	
  past,	
  different	
  Implementa3on	
  Strategies	
  
where	
  do/did	
  croplands/pastures	
  come	
  from?	
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  50%	
  
grass,	
  50%	
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Forests	
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From	
  year	
  i	
  to	
  year	
  i+1	
  

•  ANTH	
  =	
  Anthropogenic	
  Land	
  Frac3on	
  
•  do	
  not	
  change	
  desert	
  area	
  if	
  possible,	
  

	
   	
  i.e.	
  if	
  ∆(ANTH)	
  ≤	
  Forestmodel,i	
  +	
  Grassmodel,i	
  

•  ∆Forestlumip	
  =	
  ∆(primary	
  +	
  secondary)Forest	
  

•  ∆Grasslumip	
  =	
  ∆(primary	
  +	
  secondary)NonForest	
  

•  Use	
  ∆Grasslumip	
  and	
  ∆Forestlumip	
  to	
  constrain	
  ther	
  changes	
  in	
  forest	
  
and	
  natural	
  grass	
  area	
  in	
  our	
  model	
  

•  Keep	
  our	
  propor3ons	
  of	
  forest	
  and	
  grass	
  types	
  as	
  in	
  standard	
  map	
  

Implemen3ng	
  Land	
  Use	
  Changes,	
  
second	
  basic	
  rules	
  to	
  follow	
  

Make	
  use	
  of	
  informa3ons	
  regarding	
  transi3ons	
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Coupled	
  simula3ons	
  Proposed	
  by	
  LUMIP	
  

Overall	
  Approach:	
  	
  	
  
Two	
  phases:	
  1)	
  idealized	
  simula3ons,	
  2)	
  realis3c	
  simula3ons	
  
	
  
Phase	
  1	
  	
  Idealized	
  model	
  experiments:	
  
Improve	
  process	
  understanding/assessment	
  of	
  how	
  models	
  
represent	
  impact	
  of	
  changes	
  in	
  land	
  state	
  on	
  climate;	
  
Quan1fy	
  model	
  sensi1vity	
  to	
  poten1al	
  land	
  cover	
  and	
  land	
  
management	
  changes	
  
	
  
Phase	
  2	
  Realis3c	
  model	
  experiments:	
  
Isolate	
  the	
  role	
  of	
  historical	
  and	
  future	
  land	
  cover/use	
  change	
  on	
  
climate	
  rela1ve	
  to	
  other	
  forcings,	
  assess	
  poten1al	
  for	
  climate	
  
mi1ga1on	
  through	
  land	
  use	
  

Lawrence	
  et	
  al.,	
  GMD,	
  subm.	
  



Phase	
  1:	
  idealized	
  simula3ons	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Tier	
   Name	
   Descrip3on	
   Model	
  setup	
   Years	
   Forcings	
  

1	
   idealized_deforest	
   50+20	
  yrs	
  
deforesta1on	
  

C-­‐driven	
  
coupled	
  

1851-­‐1920	
  
star1ng	
  from	
  PI	
  

Keep	
  as	
  in	
  PI	
  Control	
  
except	
  tree	
  cover	
  

Lawrence	
  et	
  al.,	
  GMD,	
  subm.	
  



•  Remove	
  20	
  million	
  km2	
  	
  forest	
  
over	
  50	
  years	
  from	
  top	
  30%	
  
forest	
  area	
  grid	
  cells,	
  star1ng	
  
from	
  1850	
  control	
  

•  Controlled	
  assessment	
  of	
  
coupled	
  model	
  response	
  to	
  
deforesta1on	
  

CESM	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
MPI	
  

1.	
  Idealized	
  global	
  deforesta1on	
  experiment	
  



2.	
  No	
  LULCC	
  experiments:	
  Historic	
  period	
  1850-­‐2015	
  
Coupled	
  and	
  land-­‐only	
  

• Assess	
  impact	
  of	
  LULCC	
  in	
  historical	
  period	
  for	
  water,	
  carbon,	
  
energy	
  fluxes	
  and	
  climate	
  (C4MIP,	
  LS3MIP)	
  
• Assess	
  land-­‐only	
  vs	
  coupled	
  response	
  to	
  historic	
  LULCC	
  (LS3MIP)	
  
• Assess	
  how	
  land-­‐atmosphere	
  coupling	
  strength	
  modulates	
  climate,	
  
weather,	
  extremes	
  response	
  to	
  LULCC	
  (LS3MIP)	
  
• Relevant	
  for	
  detec1on	
  and	
  aeribu1on	
  (DAMIP)	
  

CMIP6	
  	
  
Historical	
  

Land-­‐only	
  	
  
Historical	
  

CMIP6	
  	
  
Historical	
  

Land-­‐only	
  	
  
Historical	
  



3.	
  Land-­‐cover	
  vs	
  land-­‐management	
  change	
  experiments	
  

Set	
  of	
  land-­‐only	
  historic	
  simula1ons	
  (variants	
  of	
  land-­‐Hist)	
  with	
  one-­‐at-­‐a-­‐1me	
  	
  
	
  	
  	
  	
  	
  	
  	
  inclusion	
  of	
  par1cular	
  aspects	
  of	
  land	
  management	
  
Probe	
  impact	
  of	
  land	
  use	
  on	
  fluxes	
  of	
  water,	
  energy,	
  and	
  carbon	
  	
  

Land Use  
Change 

①  Year	
  1700	
  instead	
  of	
  1850	
  start	
  
②  No	
  LULCC	
  change	
  	
  
③  Net	
  LUC	
  transi1ons	
  instead	
  of	
  gross	
  
④  Crop	
  and	
  pasture	
  as	
  unmanaged	
  

grassland	
  
⑤  Crops	
  with	
  crop	
  model	
  but	
  no	
  

irriga1on/fer1liza1on	
  
⑥  No	
  irriga1on	
  
⑦  No	
  fer1liza1on	
  
⑧  No	
  wood	
  harvest	
  
⑨  No	
  grazing	
  on	
  pastureland	
  

⑩  No	
  human	
  fire	
  igni1on/suppression	
  	
  
11  Constant	
  1850	
  	
  CO2	
  (N	
  dep?)	
  

(TRENDY)	
  
12  Constant	
  climate	
  (TRENDY)	
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World Land Cover|Forest

SSP1-­‐2.6	
  	
  
(conc.	
  driven)	
  

SSP3-­‐7	
  	
  
(conc.	
  driven)	
  

ScenarioMIP	
  

Deforesta3on	
  
w/	
  SSP3-­‐7	
  land	
  use	
  

Afforesta3on	
  	
  
w/	
  SSP1-­‐2.6	
  land	
  use	
  LUMIP	
  

SSP3-­‐7	
  

SSP1-­‐2.6	
  

Global	
  Forest	
  Cover	
  CMIP6	
  IAMs	
  (Preliminary)	
  

SSP5-­‐8.5	
  	
  
(emis.	
  driven)	
  

Afforesta3on	
  and	
  
mi3ga3on	
  	
  

w/	
  SSP1-­‐2.6	
  land	
  use	
  

Phase	
  2:	
  more	
  realis3c	
  simula3ons	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
   assess	
  the	
  

poten3al	
  of	
  land-­‐
use	
  for	
  
climate	
  

mi3ga3on,	
  
reduc3on	
  of	
  

adverse	
  effects	
  

Lawrence	
  et	
  al.,	
  GMD,	
  subm.	
  




