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Mo#va#on	
  for	
  crop	
  modeling	
  in	
  the	
  CLM	
  
•  Food	
  supply 	
  …crop	
  yields	
  
•  Fuel	
  supply	
   	
  …biofuels	
  
•  Land-­‐atm	
  interac9ons	
  …climate	
  change	
  

	
  Biogeophysical	
   	
   	
  Biogeochemical	
  

&	
  prices	
  



Community	
  Earth	
  System	
  Model	
  
(CESM)	
  	
  

Tradi#onally	
  used	
  for	
  research 	
   	
   	
   	
   	
   	
  
	
  at	
  spa#al	
  and	
  temporal	
  scales	
   	
   	
   	
   	
   	
   	
  
	
   	
  unsuitable	
  for	
  field	
  experiments…	
  

•  What	
  if	
  we	
  replaced	
  the	
  vegeta#on?	
  
•  What	
  if	
  we	
  removed	
  the	
  irriga#on?	
  
•  What	
  may	
  Earth	
  be	
  like	
  in	
  the	
  future/have	
  been	
  in	
  the	
  past?	
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Introducing	
  human	
  systems	
  to	
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  CESM	
  
•  Agriculture	
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  focus)	
  
•  Urban	
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coupler ocean sea-ice 
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CLM4	
  

Temp.	
  corn	
  
Temp.	
  cereals	
  
Temp.	
  soybean	
  
effects	
  on	
  atm.	
   	
   	
  	
  

	
  Levis	
  et	
  al.	
  (2012)	
   	
  	
  



Interactive Crops in the CLM"

Following AgroIBIS (Kucharik & Brye, 2003)"
Temperate corn, soybean, spring wheat:"

Phenology by GDD accumulators è"
Planting, leaf emergence, grain fill, maturity, harvest"

"
C allocation + N limitation è"

Leaf area, height, crop yield"
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CLM’s stress- 
deciduous phenology 
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ABSTRACT

The Community Earth System Model, version 1 (CESM1) is evaluated with two coupled atmosphere–land
simulations. The CTRL (control) simulation represents crops as unmanaged grasses, while CROP represents
a crop managed simulation that includes special algorithms for midlatitude corn, soybean, and cereal phe-
nology and carbon allocation. CROP has a more realistic leaf area index (LAI) for crops than CTRL. CROP
reduces winter LAI and represents the spring planting and fall harvest explicitly. At the peak of the growing
season, CROP simulates higher crop LAI. These changes generally reduce the latent heat flux but not around
peak LAI (late spring/early summer). In midwestern North America, where corn, soybean, and cereal
abundance is high, simulated peak summer precipitation declines and agrees better with observations, par-
ticularly when crops emerge late as is found from a late planting sensitivity simulation (LateP). Differences
between the CROP and LateP simulations underscore the importance of simulating crop planting and harvest
dates correctly. On the biogeochemistry side, the annual cycle of net ecosystem exchange (NEE) also im-
proves in CROP relative to Ameriflux site observations. For a global perspective, the authors diagnose annual
cycles of CO2 from the simulated NEE (CO2 is not prognostic in these simulations) and compare against
representative GLOBALVIEW monitoring stations. The authors find an increased (thus also improved)
amplitude of the annual cycle in CROP. These regional and global-scale refinements from improvements in
the simulated plant phenology have promising implications for the development of the CESM and particu-
larly for simulations with prognostic atmospheric CO2.

1. Introduction

Past studies indicate that managed and unmanaged
terrestrial ecosystems interact with the atmosphere and

other components of the earth system through a variety
of biogeophysical and biogeochemical processes and
characteristics. Levis (2010) reviews this topic. In the
present study we consider such effects by simulating
certain managed ecosystems.

Managed ecosystems add to simulations of the earth
system the uncertainty of human interference. Numerous
climate-modeling studies have explored the effects of
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  on	
  the	
  
atmosphere	
  



CLM4	
   	
   	
   	
  CLM4.5	
  

Temp.	
  corn 	
   	
  w/	
  op#ons	
  to	
  
Temp.	
  cereals	
  	
  	
  	
  	
  fer#lize	
  &	
  
Temp.	
  soybean 	
  irrigate	
  
effects	
  on	
  atm.	
   	
   	
   	
  Oleson	
  et	
  al.	
  (2013)	
  

	
  Levis	
  et	
  al.	
  (2012)	
   	
  enhanced	
  soil	
  C 	
  	
  
	
   	
   	
   	
   	
   	
  decomposi#on	
  

	
   	
   	
   	
   	
   	
   	
   	
  Levis	
  et	
  al.	
  (2014)	
  



simulated 	
   	
  N	
  fer#lizer	
   	
   	
  observed	
  
algorithm	
  courtesy	
  of	
  Beth	
  Drewniak	
  -­‐-­‐	
  figure	
  courtesy	
  of	
  Cindy	
  Nevison	
  

	
  



CLM’s	
  fer9lized	
  crops:	
  more	
  produc9ve	
  

fer#lized 	
   	
  GRAINC	
  (gC	
  m-­‐2)	
  RAINFED	
  TEMP.	
  CORN 	
   	
  unfer#lized	
  



Cooling	
  mainly	
  in	
  US	
  &	
  SE	
  Asia	
  	
  <	
  1K	
  
Greater	
  by	
  day	
  than	
  night	
  
Posi#ve	
  cloud	
  feedback	
  contributes	
  ~equally	
  
Volume	
  &	
  area	
  of	
  irriga#on	
  affect	
  result	
  most	
  

%	
  of	
  crops	
  equipped	
  for	
  irriga#on	
  
(Portmann	
  et	
  al.	
  2010)	
  

Warming	
  in	
  N	
  high	
  lats	
  from	
  circula#on	
  chg	
  
So	
  lifle	
  global	
  average	
  effect	
  

Similar	
  order	
  as	
  the	
  effects	
  of	
  LU	
  locally
	
  (Sacks	
  et	
  al.	
  2008)	
  



CLM’s	
  irrigated	
  crops	
  are	
  more	
  
produc9ve	
  than	
  CLM’s	
  rainfed	
  crops	
  



Can	
  the	
  CLM	
  simulate	
  the	
  observed	
  deple#on	
  
of	
  soil	
  carbon	
  due	
  to	
  crop	
  cul#va#on?	
  

Levis,	
  Bonan,	
  and	
  Hartman	
  (2014)	
  

Mo#va#on:	
  Schlesinger	
  (1991)	
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  in	
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  CO	
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  differences:	
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  Not	
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  by	
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  by	
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Levis	
  et	
  al.	
  (2014)	
  



CLM4	
   	
   	
   	
  CLM4.5	
   	
   	
   	
  post4.5	
  

Temp.	
  corn 	
   	
  w/	
  op#ons	
  to	
   	
   	
  plus…	
  
Temp.	
  cereals	
  	
  	
  	
  	
  fer#lize	
  & 	
   	
   	
   	
  Trop.	
  corn	
  
Temp.	
  soybean 	
  irrigate 	
   	
   	
   	
   	
  Trop.	
  soybean	
  
effects	
  on	
  atm.	
   	
   	
   	
  Oleson	
  et	
  al.	
  (2013) 	
   	
   	
  Sugarcane	
  

	
  Levis	
  et	
  al.	
  (2012)	
   	
  enhanced	
  soil	
  C 	
   	
   	
   	
  Rice	
  
	
   	
   	
   	
   	
   	
  decomposi#on 	
   	
   	
   	
  Cofon	
  

	
   	
   	
   	
   	
   	
   	
   	
  Levis	
  et	
  al.	
  (2014)	
   	
   	
  A.	
  Badger	
  (GMU)	
  



•  Tropical	
  corn	
  &	
  soybean	
  use 	
   	
   	
   	
   	
   	
  
	
  temperate	
  corn	
  &	
  soybean	
  code	
  

•  Sugarcane	
  uses	
  temperate	
  corn	
  code	
  
•  Rice	
  and	
  Cofon	
  use	
  spring	
  wheat	
  code	
  

	
  
and	
  A.	
  Badger’s	
  parameters	
  for	
  
plan#ng	
  temperatures	
  &	
  dates	
  

growing	
  degree	
  days	
  &	
  max	
  maturity	
  
fer#liza#on	
  

max	
  LAI	
  &	
  height	
  
albedo	
  &	
  transmissivity	
  

post4.5	
  crop	
  code	
  



post4.5	
  
list	
  of	
  
pns	
  

1.  	
  	
  "needleleaf_evergreen_temperate_tree	
  
2.  	
  	
  "needleleaf_evergreen_boreal_tree	
  
3.  	
  	
  "needleleaf_deciduous_boreal_tree	
  
4.  	
  	
  "broadleaf_evergreen_tropical_tree	
  
5.  	
  	
  "broadleaf_evergreen_temperate_tree	
  
6.  	
  	
  "broadleaf_deciduous_tropical_tree	
  
7.  	
  	
  "broadleaf_deciduous_temperate_tree	
  
8.  	
  	
  "broadleaf_deciduous_boreal_tree	
  
9.  	
  	
  "broadleaf_evergreen_shrub	
  
10.  	
  	
  "broadleaf_deciduous_temperate_shrub	
  
11.  	
  	
  "broadleaf_deciduous_boreal_shrub	
  
12.  	
  	
  "c3_arc#c_grass	
  
13.  	
  	
  "c3_non-­‐arc#c_grass	
  
14.  	
  	
  "c4_grass	
  
15.  	
  	
  "c3_crop	
  
16.  	
  	
  "c3_irrigated	
  
17.  	
  	
  "temperate_corn	
  
18.  	
  	
  "irrigated_temperate_corn	
  
19.  	
  	
  "spring_wheat	
  
20.  	
  	
  "irrigated_spring_wheat	
  
21.  	
  	
  "winter_wheat	
  
22.  	
  	
  "irrigated_winter_wheat	
  
23.  	
  	
  "temperate_soybean,	
  
24.  	
  	
  "irrigated_temperate_soybean	
  
25.  	
  	
  "barley	
  
26.  	
  	
  "irrigated_barley	
  
27.  	
  	
  "winter_barley	
  
28.  	
  	
  "irrigated_winter_barley	
  
29.  	
  	
  "rye	
  
30.  	
  	
  "irrigated_rye	
  
31.  	
  	
  "winter_rye	
  
32.  	
  	
  "irrigated_winter_rye	
  
33.  	
  	
  "cassava	
  
34.  	
  	
  "irrigated_cassava	
  
35.  	
  	
  "citrus	
  
36.  	
  	
  "irrigated	
  citrus	
  
37.  	
  	
  "cocoa	
  
38.  	
  	
  "irrigated_cocoa	
  
39.  	
  	
  "coffee	
  

40.  	
  "irrigated_coffee	
  
41.   	
  	
  "coMon	
  
42.   	
  	
  "irrigated_coMon	
  
43.  	
  "datepalm	
  
44.  	
  "irrigated_datepalm	
  
45.  	
  "foddergrass	
  
46.  	
  "irrigated_foddergrass	
  
47.  	
  "grapes	
  
48.  	
  "irrigated_grapes	
  
49.  	
  "groundnuts	
  
50.  	
  "irrigated_groundnuts	
  
51.  	
  "millet	
  
52.  	
  "irrigated_millet	
  
53.  	
  "oilpalm	
  
54.  	
  "irrigated_oilpalm	
  
55.  	
  "potatoes	
  
56.  	
  "irrigated_potatoes	
  
57.  	
  "pulses	
  
58.  	
  "irrigated_pulses	
  
59.  	
  "rapeseed	
  
60.  	
  "irrigated_rapeseed	
  
61.   	
  	
  "rice	
  
62.   	
  	
  "irrigated_rice	
  
63.  	
  "sorghum	
  
64.  	
  "irrigated_sorghum	
  
65.  	
  "sugarbeet	
  
66.  	
  "irrigated_sugarbeet	
  
67.   	
  	
  "sugarcane	
  
68.   	
  	
  "irrigated_sugarcane	
  
69.  	
  "sunflower	
  
70.  	
  "irrigated_sunflower	
  
71.  	
  "miscanthus	
  
72.  	
  "irrigated_miscanthus	
  
73.  	
  "switchgrass	
  
74.  	
  "irrigated_switchgrass	
  
75.   	
  	
  "tropical_corn	
  
76.   	
  	
  "irrigated_tropical_corn	
  
77.   	
  	
  "tropical_soybean	
  
78.   	
  	
  "irrigated_tropical_soybean	
  



CLM4	
  &	
  4.5:	
  

post4.5:	
  
	
  

all	
  crops:	
  

Managed PFTs (% of grid cell) 

Ramankufy	
  and	
  Foley	
  (1998)	
  

Portmann	
  et	
  al.	
  (2010)	
  

Portmann	
  et	
  al.	
  (2010)	
  

Portmann	
  et	
  al.	
  (2010)	
  



CLM4	
  &	
  4.5:	
  

post4.5:	
  
	
  

all	
  crops:	
  

Managed PFTs (% of grid cell) 

Ramankufy	
  and	
  Foley	
  (1998)	
  

Portmann	
  et	
  al.	
  (2010)	
  

Portmann	
  et	
  al.	
  (2010)	
  

Portmann	
  et	
  al.	
  (2010)	
  

…s9ll	
  missing	
  
Canada	
  foddergrass	
  

Russia	
  sunflower	
  and	
  foddergrass	
  
India	
  sorghum,	
  pulses,	
  millet,	
  pnuts	
  



2004	
  obs	
  (tons	
  ha-­‐1)	
  
	
  
Botswana 	
  0.3	
  
…	
  
USA	
   	
   	
  6.9	
  
…	
  
Belgium	
   	
  9.2	
  
	
  
hfp://data.worldbank.org	
  

Dry	
  Yield	
  

RCP	
  8.5	
  

=	
  Cgrain{g	
  m-­‐2}	
  x	
  0.85	
  x	
  104{m2	
  ha-­‐1}	
  x	
  2.22	
  x	
  10-­‐6{tons	
  g-­‐1}	
  



Global	
  Dry	
  Yield	
  
global	
  ALL-­‐crop	
  



CLM-­‐crop	
  response	
  to	
  extremes	
  

•  Photosynthesis	
  declines	
  for	
  higher&lower	
  
than	
  op#mal	
  T:	
  about	
  28°C	
  C3	
  &	
  38°C	
  C4	
  plants	
  

•  No	
  other	
  form	
  of	
  heat	
  stress	
  
•  No	
  crop	
  response	
  to	
  flooding	
  
•  Drought	
  effects	
  





Summary	
  &	
  Conclusions	
  

•  Interac9ve	
  crop	
  management	
  in	
  the	
  CLM	
  
Ø Befer	
  simulated	
  annual	
  cycle	
  of	
  crop	
  LAI	
  
Ø Befer	
  annual	
  cycle	
  of	
  the	
  NEE	
  (and	
  CO2)	
  
Ø Promising	
  for	
  simula#ons	
  with	
  interac#ve	
  CO2	
  

Ø Also	
  affec#ng	
  the	
  biogeophysics	
  (precip,	
  temperature)	
  
•  Human	
  dimensions:	
  new	
  fron9er	
  in	
  CESM	
  research	
  
Ø S#ll	
  also	
  resolving	
  more	
  basic	
  issues:	
  biogeophys.	
  &	
  bgc	
  
Ø Coupling	
  ESMs	
  and	
  IAMs	
  in	
  the	
  not	
  so	
  distant	
  future…	
  



To-­‐do	
  list	
  

•  Winter	
  cereals	
  (e.g.	
  winter	
  wheat,	
  rye,	
  barley)	
  
•  Mul#-­‐cropping	
  
•  Crop	
  rota#ons	
  
•  Crop	
  fer#liza#on	
  &	
  manure	
  applica#on	
  data	
  
•  Other	
  crops:	
  e.g.,	
  oil	
  palm	
  by	
  Yuanchao	
  Fan	
  
•  Befer	
  crops:	
  e.g.,	
  rice	
  by	
  Fang	
  Li	
  and	
  Young-­‐
Hee	
  Lee	
  

•  Crop	
  yield	
  response	
  to	
  extremes	
  



Ques#ons?	
  


