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•  Three	
  teams	
  
–  Climate	
  extremes	
  and	
  ag	
  impacts	
  
–  Government	
  and	
  market	
  response	
  
–  Impacts	
  to	
  economies	
  and	
  health	
  

•  Study	
  vulnerability	
  of	
  food	
  system	
  to	
  
extremes	
  (1-­‐in-­‐200	
  year	
  events)	
  
–  Opportuni6es	
  for	
  coordinated	
  risk	
  
management	
  

–  Improve	
  func6oning	
  of	
  interna6onal	
  
markets	
  

–  Bolster	
  na6onal	
  resilience	
  to	
  shocks	
  
–  Adapt	
  agriculture	
  for	
  changing	
  climate	
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•  Compare	
  past	
  &	
  future	
  distribu6ons	
  from	
  ensembles	
  
of	
  global	
  crops	
  models	
  produced	
  in	
  AgMIP/ISI-­‐MIP	
  
–  Extreme	
  (-­‐)	
  percen6les,	
  variance	
  &	
  skewness	
  of	
  distribu6ons	
  
generally	
  geWng	
  worse	
  

–  Global	
  1-­‐in-­‐100	
  year	
  historical	
  event	
  occurs	
  almost	
  1-­‐in-­‐30	
  years	
  
within	
  only	
  several	
  decades	
  

Non-­‐sta6onary	
  risk	
  in	
  agriculture	
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Reproduced from  Extreme weather and resilience of the global food system  
Prepared for the UK-US Taskforce on Extreme Weather and Global Food System Resilience  



•  US	
  maize,	
  1-­‐in-­‐200	
  year	
  event	
  ~25%	
  worse	
  in	
  near-­‐term	
  
	
  

	
  
•  China	
  maize,	
  no	
  change	
  at	
  extreme	
  tail,	
  though	
  skewness	
  

becomes	
  much	
  more	
  nega6ve	
  

Regional	
  effects	
  some6mes	
  very	
  large	
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•  Understand	
  climate	
  and	
  extremes	
  
–  Need:	
  understand	
  present	
  risk,	
  coincidence,	
  and	
  non-­‐
sta6onarity	
  	
  

–  Requires:	
  Large	
  fixed-­‐forcing	
  ensembles	
  (>1000	
  years)	
  	
  

•  Management,	
  technology	
  and	
  adapta6on	
  
–  Need:	
  Trends	
  and	
  adapta6ons	
  interact	
  w/	
  extremes	
  and	
  
resource	
  demand	
  to	
  impact	
  system-­‐wide	
  risk	
  	
  

–  Requires:	
  Be:er	
  data	
  and	
  models	
  of	
  technological	
  change	
  and	
  
detailed	
  scenario	
  analysis	
  

•  Resource	
  availability	
  
–  Need:	
  Deple6ng	
  groundwater	
  will	
  increase	
  vulnerability	
  in	
  key	
  
agricultural	
  regions	
  

–  Requires:	
  Improved	
  reps	
  of	
  irriga6on	
  and	
  integra6on	
  with	
  
groundwater	
  models	
  	
  

Integrated	
  analysis	
  of	
  climate	
  and	
  extremes	
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•  Trends	
  in	
  plan6ng	
  date	
  and	
  season	
  length	
  
expected	
  to	
  con6nue	
  in	
  absence	
  of	
  climate	
  	
  
–  ~20%	
  increase	
  in	
  maize	
  season	
  from	
  1980-­‐2050	
  
– Accounts	
  for	
  >	
  1/2	
  of	
  yield	
  trend	
  from	
  1980-­‐2012	
  

Technology	
  and	
  development	
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•  W/o	
  warming,	
  yield	
  growth	
  con6nues	
  through	
  2050	
  
•  W/	
  perfect	
  adapt,	
  most	
  impact	
  removed	
  un6l	
  2040s	
  

–  -­‐13.9%	
  loss	
  in	
  yield	
  in	
  2040s	
  rela6ve	
  to	
  no-­‐climate	
  baseline	
  

•  Big	
  %	
  incr.	
  in	
  Canada	
  and	
  Northern	
  states	
  	
  
•  Declining	
  yields	
  across	
  most	
  of	
  the	
  southern	
  states	
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Technology	
  and	
  adapta6on	
  

2040s yield, warming+adaptation 
vs. no-climate baseline (%) 



Thirs6er	
  crops	
  (technology	
  and	
  water)	
  

•  1980-­‐2012,	
  yield	
  incr.	
  almost	
  70%,	
  H2O	
  only	
  +8%	
  	
  
– W/o	
  climate	
  change,	
  trend	
  projected	
  to	
  con6nue	
  	
  

•  But	
  w/	
  warming	
  and	
  adapta6on,	
  water	
  use	
  accelerates	
  
•  Tech	
  development	
  and	
  adapta6on	
  costs	
  water	
  

–  +6.3%	
  increase	
  in	
  irriga6on	
  demand	
  without	
  any	
  warming	
  
–  +16%	
  increase	
  with	
  climate	
  change	
  and	
  adapta6on	
  



•  Sufficient	
  ensembles	
  generally	
  not	
  yet	
  available*	
  	
  
–  Use	
  historical	
  extremes	
  as	
  analogs	
  for	
  future	
  condi6ons	
  
–  The	
  1930s	
  Dust	
  Bowl	
  era	
  ho:est/driest	
  in	
  >100	
  yrs	
  

Regional	
  extreme	
  climate	
  scenarios	
  	
  

9	
  



•  Consider	
  1930s	
  droughts	
  w/	
  and	
  w/o	
  baseline	
  mean	
  warming	
  	
  
•  Consider	
  2012	
  and	
  es6mated	
  2035	
  technology	
  scenarios	
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•  Worst-­‐year	
  losses	
  ~50%	
  greater	
  than	
  ‘88	
  or	
  ‘12	
  droughts	
  
•  Damages	
  for	
  maize	
  and	
  soy	
  grow	
  rapidly	
  with	
  temp	
  
•  US	
  wheat	
  insensi6ve	
  to	
  temp,	
  (+)	
  in	
  North	
  cancel	
  (-­‐)	
  in	
  South	
  
•  Extreme	
  events	
  marginally	
  less	
  severe	
  with	
  2035	
  technology	
  

Technology	
  and	
  extremes	
  



•  Link	
  to	
  global	
  assessments	
  
–  AgMIP	
  GGCMI,	
  CGRA	
  and	
  ISI-­‐MIP	
  

•  Leveraging	
  remote	
  sensing	
  to	
  
improve	
  inputs	
  (with	
  GEOGLAM)	
  

Next	
  steps	
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•  Integra6ng	
  w/	
  groundwater	
  hydrology	
  
•  Applying	
  methodology	
  in	
  India	
  

–  Major	
  constraints	
  from	
  deple6ng	
  resources	
  



•  Focus	
  on	
  extreme	
  
events	
  

•  Adding	
  many	
  sectors,	
  
including	
  forestry	
  

•  Improving	
  cross-­‐
sector	
  interac6ons	
  
and	
  land-­‐use	
  change	
  
and	
  water.	
  	
  

•  Adding	
  a	
  regional	
  
focus	
  at	
  the	
  
watershed	
  level	
  

•  Adapta6on	
  to	
  climate	
  

GGCMI	
  Phase	
  3	
  and	
  ISI-­‐MIP2.0	
  (2016)	
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•  Par6al	
  solu6on:	
  AgMIP	
  Linked	
  global	
  and	
  regional	
  
assessments	
  of	
  climate,	
  food	
  systems,	
  and	
  extremes.	
  
–  Convening	
  Aspen	
  Global	
  Change	
  Ins6tute	
  workshop	
  in	
  
September	
  to	
  discuss	
  protocols	
  for	
  linked	
  assessments	
  

–  Developing	
  methodology	
  and	
  prototypes	
  for	
  North	
  
America	
  and	
  South	
  Asia	
  

Linked	
  global	
  &	
  regional	
  assessments	
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Extremes	
  are	
  bad	
  and	
  may	
  get	
  worse…	
  	
  

•  In	
  the	
  United	
  States	
  alone	
  
•  large-­‐scale	
  drought	
  and	
  heat	
  accounted	
  for	
  12%	
  of	
  billion-­‐
dollar	
  disasters	
  from	
  1980-­‐2011,	
  25%	
  of	
  monetary	
  damages	
  

•  1988	
  drought	
  in	
  the	
  US	
  cost	
  es6mated	
  at	
  $79	
  billion	
  (2013	
  
USD),	
  behind	
  only	
  Hurricane	
  Katrina	
  as	
  most	
  costly	
  weather-­‐
related	
  disaster	
  in	
  US	
  history.	
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•  Warming	
  temperatures	
  and	
  shiping	
  
precipita6on	
  pa:erns	
  may	
  exacerbate	
  
problems,	
  increasing	
  the	
  frequency	
  
and/or	
  severity	
  of	
  large-­‐scale	
  droughts	
  
in	
  sensi6ve	
  agricultural	
  regions	
  



•  Groundwater	
  accounts	
  for	
  60%	
  
of	
  irriga6on	
  and	
  40%	
  of	
  
drinking	
  water	
  in	
  the	
  US	
  

•  Warming,	
  management,	
  and	
  
adapta6on	
  pressures	
  are	
  
expected	
  to	
  increase	
  demand	
  
for	
  irriga6on	
  	
  

•  Increased	
  CO2	
  is	
  expected	
  to	
  
decrease	
  H2O	
  demand,	
  but	
  
serious	
  ques6ons	
  remain	
  how	
  
well	
  this	
  will	
  translate	
  to	
  the	
  
field	
  (especially	
  for	
  C4	
  crops)	
  

Vulnerability	
  and	
  groundwater	
  deple6on	
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•  Impact	
  of	
  a	
  1930s	
  climate	
  event	
  today	
  would	
  be	
  
devasta6ng	
  
–  single-­‐year	
  losses	
  ~50%	
  greater	
  than	
  ‘88	
  or	
  ‘12	
  droughts	
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