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Mo$va$on:	  Climate	  Change	  is	  likely	  to	  Adversely	  Affect	  
Water	  Supply	  and	  Agricultural	  Water	  Use	  

  Climate	  change	  is	  expected	  to	  alter	  hydrological	  regimes	  

•  Affec<ng	  freshwater	  availability	  –	  quan<ty	  and	  <ming	  

  Crop	  ET	  requirements	  are	  likely	  to	  increase	  under	  warming	  

  Exis<ng	  assessments	  focus	  on	  natural	  processes,	  with	  less	  
aNen<on	  being	  paid	  to	  the	  human	  dimension	  

  Past	  hydroclima<c	  experience	  is	  no	  longer	  a	  good	  guide	  for	  
the	  future	  

•  Need	  <mely	  assessments	  to	  aid	  decision-‐making	  
•  Especially	  for	  irreversible	  investments	  with	  long-‐term	  

consequences	  in	  climate-‐sensi<ve	  sectors	  
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Mo$va$on:	  Agriculture	  –	  the	  Single	  Largest	  Water	  User	  
Globally	  in	  the	  Foreseeable	  Future	  

  Irriga<on	  is	  key	  for	  securing	  future	  food	  supply	  
•  Accoun<ng	  for	  less	  than	  20%	  of	  global	  cropland	  
•  Contribu<ng	  ~40%	  of	  global	  cereal	  produc<on	  

  Irriga<on	  is	  the	  largest	  water	  user,	  accoun<ng	  for	  
•  70%	  global	  water	  withdrawals	  	  
•  90%	  global	  water	  consump<on	  

 Usually	  seen	  as	  the	  major	  driver	  of	  water	  scarcity	  

  But	  improvement	  of	  agricultural	  water	  use	  efficiency	  is	  a	  
slow	  and	  difficult	  process	  
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Mo$va$on:	  Food	  Security	  Challenges	  are	  Unprecedented	  

  Popula<on	  growth	  
•  50	  percent	  more	  people	  between	  2000	  and	  2050	  

•  Almost	  all	  growth	  in	  developing	  countries—
par<cularly	  Africa	  

  Income	  growth	  in	  developing	  countries	  

•  More	  demand	  for	  high	  valued	  food	  (meat,	  fish,	  fruits,	  
vegetables)	  

  Climate	  change	  –	  a	  threat	  mul<plier	  

•  Reduced	  produc<vity	  of	  exis<ng	  varie<es,	  cropping	  
systems	  
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Part I: 
Linked Modeling System for Global Water & Food 

Projections 
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Data Flow and Modeling Strategy (IMPACT-Water) 



IMPACT Model’s Spatial Disaggregation 
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IMPACT Commodities 
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Representation of Hydrology & Water Uses 
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IGHM Main Structure and Major Assumption 

  Spatial Resolution:     0.5˚ latitude x 0.5˚ longitude grid cells covering the 
entire global land surface except the Antarctic 
  Temporal Resolution: Monthly simulation over multi-decadal period 

Potential Evapotranspiration - Priestley-Taylor equation 

Runoff Generation 
 Variable soil moisture holding 
capacity within a grid cell 
 Linear reservoir representing 
groundwater modulation of base flow 
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Nash-‐Sutcliffe	  model	  efficiency	  coefficient	  is	  0.913	  in	  the	  
calibra;on	  period	  (1971-‐85)	  and	  is	  0.906	  in	  the	  valida;on	  period	  
(1986-‐2000).	  

IGHM Model Runoff Calibration and Validation for 
Botswana Catchment of the Limpopo River Basin 
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Mean Annual Precipitation, Potential ET and Runoff 
        
       1971-2000 
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IWSM Data Flow and Policy Scenario Framework 



Applying DSSAT-simulated Crop Yield Impacts of 
Climate Change in IMPACT Model 
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IMPACT – Partial Equilibrium Agricultural Sector Model 
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Part II: 
Climate Change and Socioeconomic Scenarios 

Source:	  Nelson	  et	  al.	  (2010);	  Zhu	  and	  Ringler	  (2011)	  



Average temperatures could increase substantially 

Source:	  Figure	  10.4	  in	  Meehl,	  et	  al.	  (2007)	  

SRES scenario differences 
small until after 2050 (but 
GCM differences big!) 



Change	  in	  average	  annual	  precipita;on,	  2000-‐2050,	  CSIRO	  
GCM,	  A1B	  (mm)	  

Source:	  Nelson	  et	  al.	  (2010)	  



Change	  in	  average	  annual	  precipita;on,	  2000-‐2050,	  
MIROC	  GCM,	  A1B	  (mm)	  

Source:	  Nelson	  et	  al.	  (2010)	  



Socioeconomic Scenarios -  
Plausible futures for population and GDP growth 

 Op;mis;c	  
•  High	  GDP	  and	  low	  popula<on	  growth	  

 Baseline	  
•  Medium	  GDP	  and	  medium	  popula<on	  growth	  

 Pessimis;c	  
•  Low	  GDP	  and	  high	  popula<on	  growth	  



Global	  and	  regional	  GDP	  per-‐capita	  growth	  
scenarios	  

Pessimistic	   Baseline	   Optimistic	  
Central Africa	   2.42	   3.92	   4.85	  
Western Africa	   2.04	   3.63	   4.03	  
Eastern Africa	   2.72	   4.18	   4.97	  
Northern Africa	   1.78	   2.60	   3.49	  
Southern Africa	   0.55	   2.98	   3.44	  

Pessimistic Baseline Optimistic 
Population 1.04 0.70 0.35 
GDP 1.91 3.21 3.58 
GDP per 
capita 0.86 2.49 3.22 

Global	  growth	  rate	  assump;ons,	  annual	  average	  2010-‐2050	  (%)	  

African GDP per capita growth rate assumptions, 
annual average 2010-2050 (%) 
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Part III: 
 Water and Food Security Implications of Global 

Climatic and Socioeconomic Changes 
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Internal Renewal Water Resources (IRW) under Climate 
Normal and Climate Change: 2050 

Region	  Grouping	  

ESAP	  -‐	  	  	  	  	  East	  -‐South	  Asia	  and	  Pacific	  

CWANA	  -‐	  Central-‐West	  Asia	  and	  North	  Africa	  

LAC	  -‐	  	  	  	  	  	  	  	  La<n	  America	  and	  Caribbean	  

SSA	  -‐	  	  	  	  	  	  	  	  Sub-‐Saharan	  Africa	  

NAE	  -‐	  	  	  	  	  	  	  North	  America	  and	  Europe	  

Source:	  Authors’	  calcula<on	  with	  IGHM	  Global	  Hydrological	  Model	  (2011)	  
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Irrigation Water Consumption under Climate Normal 
and Climate Change: 2010-2050 

Estimated 
Consumption 
in km3 a-1 

As % of 
Global Total 
Irrigation 
Consumption 

Source:	  Authors’	  calcula<on	  with	  IWSM	  Global	  Water	  Simula<on	  Model	  (2011)	  

Region	  Grouping	  

ESAP	  -‐	  	  	  	  	  East	  -‐South	  Asia	  and	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pacific	  

CWANA	  -‐	  Central-‐West	  Asia	  and	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  N.	  Africa	  

LAC	  -‐	  	  	  	  	  	  	  	  La<n	  America	  and	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Caribbean	  

SSA	  -‐	  	  	  	  	  	  	  	  Sub-‐Saharan	  Africa	  

NAE	  -‐	  	  	  	  	  	  	  North	  America	  and	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Europe	  
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Irrigation Water Supply Reliability (IWSR) under Climate 
Normal and Climate Change: 2010 & 2050 

Region	  Grouping	  

ESAP	  -‐	  	  	  	  	  East	  -‐South	  Asia	  and	  Pacific	  

CWANA	  -‐	  Central-‐West	  Asia	  and	  North	  Africa	  

LAC	  -‐	  	  	  	  	  	  	  	  La<n	  America	  and	  Caribbean	  

SSA	  -‐	  	  	  	  	  	  	  	  Sub-‐Saharan	  Africa	  

NAE	  -‐	  	  	  	  	  	  	  North	  America	  and	  Europe	  

Source:	  Authors’	  calcula<on	  with	  IGHM	  Global	  Hydrological	  Model	  (2011)	  

Concept	  Defini;on	  

IWSR	  =	  Irriga2on	  Water	  Requirement	  /	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  Irriga2on	  Water	  Supply	  

Water	  accoun2ng	  considers	  consump2ve	  use	  



Yield Effects, Irrigated Rice, CSIRO A1B  
(% change 2000 climate to 2050 climate) 
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Yield Effects, Rainfed Maize, CSIRO A1B  
(% change 2000 climate to 2050 climate) 



Yield Effects, Rainfed Maize, MIROC A1B  
(% change 2000 climate to 2050 climate) 



Income and population growth drive prices higher 
(price increase (%), 2010 – 2050, Baseline economy 
and demography) 

Source:	  Nelson	  et	  al.	  (2010)	  



Climate change adds to price increases 
(price increase (%), 2010 – 2050, Baseline economy and 

demography) 

Mean effect from four climate 
scenarios 

Source:	  Nelson	  et	  al.	  (2010)	  



Climate change scenario effects differ 
(price increase (%), 2010 – 2050, Baseline economy and 

demography) 

Minimum and maximum effect from 
four climate scenarios 

Source:	  Nelson	  et	  al.	  (2010)	  
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Economy and population scenarios alter 
price outcomes 
(price increase (%), 2010 – 2050, Changing economy and demography) 

Rice price increase smallest in optimistic scenario as 
Asian demand falls with higher income 

Maize price increase largest in pessimistic scenario as 
food demand rises with low income and high 

population growth 

Source:	  Nelson	  et	  al.	  (2010)	  



Developed Country, Change in Net Exports of 
Cereals, 2010-2050 (million mt) 
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With climate change, DC net cereal 
exports grow less or decline. 

With perfect mitigation, DC net cereal exports 
change little between 2010 and 2050. 



Conclusions 

  Agricultural	  water	  use	  is	  considerably	  affected	  by	  climate	  
change,	  but	  the	  impacts	  will	  be	  region-‐specific	  and	  
hidden	  beneath	  natural	  climate	  variability	  

  Climate	  change	  can	  affect	  food	  produc<on,	  trade,	  prices,	  
and	  consump<on,	  with	  broad	  socioeconomic	  
implica<ons	  

  Sustainable	  economic	  growth	  is	  a	  powerful	  form	  of	  
climate	  change	  adapta<on	  

  Adapta<ons	  for	  agriculture	  and	  water	  management	  will	  
benefit	  from	  progress	  in	  climate	  modeling	  and	  improved	  
quan<fica<on	  of	  climate	  projec<on	  uncertain<es 


