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LUMIP	
  Major	
  Science	
  Ques2ons	
  

•  What	
  are	
  the	
  effects	
  of	
  land	
  use	
  and	
  land-­‐use	
  change	
  
on	
  climate	
  (past-­‐future)?	
  	
  

•  What	
  are	
  the	
  effects	
  of	
  climate	
  change	
  on	
  land-­‐use	
  
and	
  land-­‐use	
  change?	
  	
  

•  Are	
  there	
  regional	
  land	
  management	
  strategies	
  with	
  
promise	
  to	
  help	
  mi2gate	
  and	
  adapt	
  to	
  climate	
  
change?	
  	
  

*Addi2onal	
  detailed	
  science	
  ques2ons	
  to	
  get	
  at	
  process	
  
level	
  aCribu2on,	
  uncertainty,	
  data	
  requirements,	
  etc.	
  
*Par2cular	
  focus	
  on	
  uncertainty,	
  and	
  separa2ng	
  effects	
  of:	
  
fossil	
  fuel	
  vs.	
  land	
  use,	
  biogeochemical	
  vs	
  biophysical,	
  land	
  
cover	
  vs	
  land	
  management.	
  



Land	
  Use	
  Data	
  Standardiza2on	
  CMIP6	
  (Drac)	
  
•  Updated	
  land-­‐use	
  history	
  

–  Pasture	
  anomaly	
  correc2on,	
  new	
  enhanced	
  historical	
  
reconstruc2on,	
  Landsat	
  F/NF	
  gross	
  transi2ons	
  constraint	
  

•  New	
  future	
  scenarios	
  
–  Idealized,	
  Realis1c	
  	
  

•  New	
  land-­‐use	
  AND	
  land-­‐cover	
  harmoniza2ons	
  with	
  Mgt	
  
–  Land-­‐use	
  transi2ons,	
  	
  
–  F/NF	
  gross	
  transi2ons,	
  PFT	
  land	
  cover	
  transi1ons	
  
–  Harvest,	
  Fer1lizer,	
  Irriga1on,	
  Crop	
  type,	
  Biofuel	
  

•  Standardiza2on	
  of	
  data	
  usage	
  
–  more	
  informa2on,	
  clear	
  ar2cula2on	
  of	
  best	
  prac2ces,	
  stra2fied	
  
comparisons	
  

•  Output	
  
–  Revisit	
  CMIP5	
  variables	
  
–  Add	
  repor2ng	
  by	
  2le	
  



Harmoniza2on	
  Variables	
  

CMIP5	
  
	
  
•  Crop	
  area	
  
•  Pasture	
  area	
  
•  Wood	
  harvest	
  carbon	
  
•  Urban	
  area*	
  
•  Biofuel	
  area*	
  

CMIP6?	
  
	
  
•  Crop	
  area	
  
•  Pasture	
  area	
  
•  Wood	
  harvest	
  

carbon	
  
•  Urban	
  area*	
  
•  Biofuel	
  area*	
  
•  Land	
  cover	
  F/NF	
  
•  Land	
  cover	
  PFT	
  
•  Fer.lizer	
  amt/t	
  
•  Irriga.on	
  amt/t	
  
•  Biofuel	
  Mgt	
  
•  Transi.ons?	
  
•  Narra.ve?	
  
•  ….?	
  
	
  



Hansen	
  et	
  al	
  2010	
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LUH2	
  Land-­‐cover	
  Classes	
  (Proposed)	
  

•  F/NF	
  	
  transi2ons	
  based	
  on	
  Landsat	
  

•  PFTs	
  using	
  widely	
  used	
  classifica1on	
  (IGBP)	
  
•  ENL,	
  EBL,	
  DNL,	
  DBL,	
  and	
  mixed	
  forests	
  
•  Closed	
  and	
  open	
  Shrublands,	
  savanna	
  
•  Grassland,	
  pasture	
  
•  Urban	
  
•  Croplands	
  

	
  
•  Crop	
  func1onal	
  types	
  (CFTs)	
  

•  C4	
  
•  C3	
  perennial	
  
•  C3	
  annual	
  
•  N	
  fixers	
  
•  Rice	
  

	
  
•  Align	
  with	
  IAMs	
  and	
  ESMs	
  
	
  
•  Advance	
  implementa2on	
  	
  
	
  



 mid-1990s  FAO 2004 
crop area (km2) % of total  % of total 
Wheat 4,028,000 22.5 16.0 
Maize 2,271,000 12.7 11.3 
Rice 1,956,000 10.9 11.4 
Barley 1,580,000 8.8 4.0 
Soybeans 927,000 5.2 5.5 
Pulses 794,000 4.4 4.8 
Cotton 534,000 3.0 2.4 
Sorghum 501,000 2.8 3.0 
Potatoes 501,000 2.8 1.5 
Millet 331,000 1.8 2.7 
Sunflower 290,000 1.6 1.6 
Rye 288,000 1.6 0.7 
Rapeseed (canola) 283,000 1.6 1.9 
Sugarcane 265,000 1.5 1.4 
Groundnuts (peanuts) 247,000 1.4 1.8 
Cassava 235,000 1.3 1.2 
sugarbeets 154,000 0.9 0.4 
Oil palm  72,000 0.4 0.7 
Other 2,664,000 14.9 27.7 

 

Leff	
  et	
  al.	
  (2004)	
  
Global	
  maps	
  of	
  18	
  major	
  
crops	
  at	
  5-­‐minute	
  
resolu2on	
  (e.g.,	
  wheat→)	
  
based	
  on	
  cropland	
  map	
  of	
  
RamankuCy	
  &	
  Foley	
  (1998)	
  
and	
  mid-­‐1990s	
  agricultural	
  
census	
  data.	
  

Leff	
  et	
  al	
  (2004)	
  

What	
  is	
  other?	
  
FAO:	
  157	
  other	
  ‘major’	
  crops	
  

How	
  might	
  
these	
  be	
  
aggregated	
  to	
  
simplify	
  &	
  
generalize?	
  



 C3 annual C3 N-fixi n g  C3 perenni a l  C4 annual units 

total biomass  5 0 0 0  3 8 0 0  8 4 0 0  16000  kg C/ha 
Grain %  3 9  2 9  4 1  2 7  % 
Shoot % 4 3  4 6  4 0  3 9  % 
Grain C:N  2 3  1 4  3 9  9 1  -- 
Shoot C:N  5 9  3 4  4 2  1 1 0  -- 
Root C: N  4 6  3 3  4 5  1 1 0  -- 
Max. height  0 . 7  0 . 5  3 . 2  1 . 7  m 
Max root dept h  1 . 0  1 . 5  1 . 3  1 . 0  m 
Max. LAI  4 . 0  3 . 0  4 . 2  4 . 7  m2/m2 
Water requi r e d  2 5 0  2 2 0  2 6 0  1 6 0  kg H2O/kg C 
Heat requi r e d  1 8 0 0  2 3 0 0  - -  2 9 0 0  °C-days 
Max. psn rate 4 2  3 8  4 9  6 3  kg CO2/ha/h 
 

1.	
  We	
  acquired	
  crop	
  physiological	
  parameters	
  from	
  the	
  DNDC	
  model	
  for	
  major	
  
crops	
  (thirteen	
  C3-­‐annuals,	
  three	
  C3	
  N-­‐fixers,	
  three	
  C3-­‐perennials,	
  three	
  C4-­‐
annuals).	
  
2.	
  We	
  calculated	
  area-­‐weighted	
  averages	
  to	
  get	
  mean	
  global	
  crop	
  parameters.	
  	
  

Basic	
  global	
  mean	
  crop	
  parameters	
  	
  

Developing	
  global	
  mean	
  crop-­‐type	
  physiological	
  parameteriza2ons	
  



Global	
  irrigated	
  area	
  1900-­‐2000	
  (Freydank	
  &	
  
Siebert	
  2008)	
  and	
  global	
  N	
  fer1lizer	
  use	
  
1900-­‐2010	
  (Smil	
  2001;	
  IFA	
  2014).	
  	
  

LUH2	
  Management	
  (Proposed)	
  

•  Focus	
  on	
  Largest	
  Forceings	
  
•  Harvest	
  
•  Fer2lizer	
  
•  Irriga2on	
  
•  Biofuel/CCS	
  
•  Tillage	
  
•  Forest	
  Planta1ons	
  
•  Pasture	
  Mgt	
  intensity	
  

	
  
•  Harmonize	
  management	
  forceings	
  

with	
  land-­‐use/land-­‐cover	
  paCerns	
  

•  Align	
  with	
  IAMs	
  and	
  ESMs	
  
	
  
•  Advance	
  Implementa2on	
  
	
  



Land-­‐use	
  Harmoniza2on	
  CMIP6	
  Steps	
  
(Proposed)	
  

•  Updated	
  land	
  use	
  history	
  
–  Pasture	
  anomaly,	
  new	
  Hyde,	
  Landsat	
  F/NF,	
  PFTs,	
  N	
  
Fert,	
  Irrig,	
  Crop	
  type	
  

•  IAM-­‐History	
  harmoniza2on	
  
–  Same	
  variables	
  as	
  last	
  2me	
  
–  +F/NF,	
  N	
  Fert,	
  Irrig,	
  Crop	
  type,	
  Biofuel	
  type	
  and	
  Mgt	
  
– Global.	
  Regional?	
  

•  Land-­‐use	
  Harmoniza2on	
  beta	
  release	
  
–  including	
  sensi2vity	
  analysis	
  
–  Including	
  best	
  use	
  guidelines	
  

•  Review	
  and	
  Tes2ng	
  by	
  IAMs	
  and	
  ESMs	
  
•  Land-­‐use	
  Harmoniza2on	
  final	
  
•  Support	
  implementa2on	
  and	
  use	
  in	
  ESMs	
  



PARKING	
  LOT	
  



uncertainty	
  

2me	
  

With	
  	
  Added	
  Data/Remote	
  Sensing	
  



gridded (5’) land-use 
states 1500-2005	



gridded (0.5°x0.5°)  
potential biomass density 

and recovery rate	



national annual 
wood harvest  

1500-2005	



gridded (0.5°x0.5°F)  
land-use transitions  
1500-2100 

INPUT	

 OUTPUT	

MODEL	



  
•  spatial pattern of crop and 

pasture 

•  residency time of agriculture 
 
• inclusiveness of wood harvest 

statistics 
 
• prioritization of land for 

conversion/logging 
 
• spatial pattern of wood 

harvesting 
 

gridded	
  (0.5°x0.5°F)	
  	
  
secondary	
  land	
  area	
  
and	
  age	
  1500-­‐2100	
  Regional/gridded land-

use states and wood 
harvest 2005-2100	



Hurtt et al. (2009, 2011) 

gridded (0.5°x0.5°F)  
land-use states  
1500-2100 
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Diagnos2cs	
  
Diagnos2c	
   Reference	
  data	
   HurC	
  	
  2006	
   LUHa	
  

Percentage	
  of	
  land	
  surface	
  impacted	
  by	
  human	
  land-­‐use	
  
ac2vi2es	
  1700-­‐2000	
  (C+P+S)	
   	
  	
   42-­‐68%	
   57.5%	
  

Total	
  secondary	
  land	
  increase	
  1700-­‐2000	
   	
  	
   10-­‐44	
  x	
  106	
  km2	
   26	
  x	
  106	
  km2	
  

Percentage	
  of	
  secondary	
  land	
  increase	
  1700-­‐2000	
  that	
  
is	
  forested	
   	
  	
   50%	
   51%	
  

Percentage	
  of	
  secondary	
  land	
  generated	
  by	
  wood	
  
harvest	
  and	
  shicing	
  cul2va2on	
  (permanent	
  agriculture	
  
generated	
  the	
  rest)	
   	
  	
   70-­‐90%	
   83.5%	
  

Wood	
  harvest	
  (including	
  slash)	
  1850-­‐1990	
  
106	
  Pg	
  (Houghton	
  1999)*;	
  

82	
  Pg	
  (FAO)	
   77	
  Pg	
   82	
  Pg	
  

Wood	
  clearing	
  for	
  agriculture	
  1850-­‐1990	
   149	
  Pg	
  (Houghton	
  1999)	
   105-­‐158	
  Pg	
   170	
  Pg	
  

Area	
  of	
  forested	
  land	
  in	
  shicing	
  cul2va2on	
  fallow	
  
(2000)	
   4.42	
  x	
  106	
  km2	
  (FAO)	
   4.56-­‐6.19	
  x	
  106	
  km2	
   3.7	
  x	
  106	
  km2	
  

Rates	
  of	
  clearing	
  land	
  in	
  shicing	
  cul2va2on	
  
0.6-­‐0.09	
  x	
  106	
  km2/yr	
  

(Rojstaczer	
  et	
  al.	
  2001)	
  
0.48-­‐0.65	
  x	
  106	
  km2/

yr	
   0.58	
  x	
  106	
  km2/yr	
  

Percentage	
  of	
  US	
  Forests	
  that	
  are	
  secondary	
  (2000)	
   	
  	
   94-­‐99%	
   100%	
  

Mean	
  age	
  of	
  Eastern	
  US	
  Secondary	
  Forests	
  (2000)	
   38yrs	
  *	
   71	
  yrs	
   63	
  yrs	
  

Total	
  gross	
  transi2ons	
  (2000)	
   	
  	
   1.6	
  x	
  106	
  km2/yr	
   2.0	
  x	
  106	
  km2/yr	
  

Total	
  net	
  transi2ons	
  (2000)	
   	
  	
   0.17	
  x	
  106	
  km2/yr	
   0.19	
  x	
  106	
  km2/yr	
  

Global	
  Cropland	
  Area	
  (1990)	
   12.1	
  x	
  106	
  km2	
  	
   15.1x	
  106	
  km2	
  	
  

Global	
  Pasture	
  Area	
  (1990)	
   25.8	
  x	
  106	
  km2	
  	
   33.1	
  x	
  106	
  km2	
  	
  

Global	
  Primary	
  Land	
  Area	
  (1990)	
   57.7	
  x	
  106	
  km2	
  	
   58.4	
  x	
  106	
  km2	
  	
  

HurC	
  et	
  al.	
  (2009,	
  2011)	
  



Land	
  Experiments	
  –	
  Priori2za2on/Coordina2on	
  (DRAFT)	
  



What	
  we	
  learned	
  (CMIP5+)?	
  

•  Enabled	
  first	
  global	
  model	
  emission	
  driven	
  projec2ons	
  of	
  both	
  CO2	
  
and	
  climate	
  including	
  effects	
  of	
  spa2al	
  land-­‐use	
  changes	
  

•  Land-­‐use	
  effects	
  on	
  global	
  climate	
  are	
  generally	
  modest	
  rela2ve	
  to	
  
FF,	
  but	
  s2ll	
  important	
  	
  

•  Land-­‐use	
  transi2ons	
  are	
  needed	
  for	
  accurately	
  tracking	
  land	
  cover	
  
change	
  resul2ng	
  from	
  land-­‐use	
  change	
  

•  Land-­‐use	
  effects	
  are	
  complex	
  and	
  challenging	
  to	
  diagnose	
  
•  Different	
  models	
  implemented	
  standardized	
  land-­‐use	
  data	
  sets	
  

differently	
  
•  Poten2ally	
  important	
  impacts,	
  management	
  prac2ces,	
  biophysical	
  

effects,	
  policy	
  op2ons,	
  uncertain2es,	
  and	
  feedbacks	
  not	
  adequately	
  
accounted	
  for	
  in	
  current	
  design	
  

•  Substan2al	
  opportuni2es	
  exist	
  to	
  build	
  on	
  CMIP5	
  approach	
  and	
  
improve	
  data	
  and	
  models	
  for	
  CMIP6	
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Priori2es	
  for	
  CMIP6	
  (Land	
  Use)	
  

1.  Repeat	
  and	
  mature	
  the	
  LUH	
  process	
  (more	
  data,	
  more	
  terms,	
  
increased	
  resolu2on,	
  longer	
  period,	
  beCer	
  communica2on)	
  	
  

2.  Work	
  to	
  standardize	
  products,	
  and	
  usage	
  of	
  products	
  
3.  Focus:	
  links	
  between	
  LU	
  change,	
  LC	
  change,	
  C	
  fluxes,	
  Biophys.	
  
4.  New	
  emphasis:	
  LU	
  management,	
  policy	
  relevance,	
  uncertainty	
  	
  
5.  New	
  scenarios:	
  Esp.	
  SSPs	
  and	
  with	
  added	
  mul2-­‐objec2ve	
  

considera2ons	
  	
  
6.  Expand	
  RCP-­‐RF	
  defini2on	
  to	
  include	
  biophysical	
  	
  
7.  Joint	
  harmoniza2on	
  of	
  LU	
  emissions	
  and	
  LU	
  changes	
  
8.  Diagnose	
  ESMs,	
  IAMs,	
  and	
  IAVs	
  to	
  quan2fy	
  effec2ve	
  data	
  

requirements	
  (resolu2on,	
  precision,	
  etc)	
  
9.  Prepare	
  for	
  fully	
  coupled	
  human-­‐physical	
  models	
  
10. Consider	
  LUMIP	
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HYDE 3: Cropland & rangeland in 2000 (Klein Goldewijk et al. 2007) 
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26	
  Brovkin	
  et	
  al	
  (2013)	
  



27	
  Brovkin	
  et	
  al	
  (2013)	
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Land	
  Use	
  =	
  Land	
  Cover	
  
•  Land	
  use	
  is	
  the	
  human	
  use	
  of	
  the	
  land.	
  
•  Land	
  cover	
  is	
  the	
  physical	
  material	
  at	
  the	
  surface	
  of	
  the	
  
earth.	
  

•  Important	
  to	
  keep	
  these	
  separate,	
  to	
  drive	
  process-­‐
based	
  models,	
  and	
  aCribute	
  results.	
  



29	
  Brovkin	
  et	
  al	
  (2013)	
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New	
  Consistent	
  Land-­‐cover	
  Harmoniza2on	
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Importance	
  of	
  Management	
  Effects	
  

Mueller	
  et	
  al.	
  2014	
  

NDVI	
  trends	
  1981-­‐2010	
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Ability to adapt 

A
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iti
ga

te
 

SSP1 
Sustainability 

Continuation 

SSP3 
Fragmentation 

SSP4 
Inequality 

SSP5: 
Fossil  
world 

SSPs	
  

O’Neill	
  et	
  al.	
  2011,	
  van	
  Vuuren	
  2012	
  

Development	
  and	
  Use	
  of	
  New	
  Scenarios	
  



t+1 

LM3V is designed to diagnose and predict the 
land-use sink/source. 

Shevliakova	
  et	
  al.	
  (2009)	
  



Gridcell 

Glacier Lake 

Landunit 

Column 

PFT 

Urban 
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Discussion	
  (par2al	
  list)	
  
•  Spa2al	
  resolu2on	
  
•  Temporal	
  resolu2on	
  
•  Time	
  domain	
  
•  Updated	
  history	
  
•  Land	
  cover	
  details	
  
•  Management	
  details	
  
•  New	
  future	
  scenarios	
  
•  Offline/online	
  tes2ng	
  
•  Usage	
  Standardiza2on	
  	
  
•  Output	
  Standardiza2on	
  
•  Support	
  
•  Workflow	
  
•  Other…	
  

•  Harvest	
  frequency/2ming	
  
•  Pasture	
  Land	
  cover,	
  Mgt	
  
•  Biofuel	
  Map,	
  PFT,	
  Mgt,	
  CCS,	
  F	
  
•  Land-­‐use/Fire	
  interac2ons	
  
•  Natural	
  Disturbances	
  


