
Interactions across impact sectors 
Energy-Water-Land/Food “Nexus” 

 
Keywan Riahi,  
IIASA & TU Graz 
 
 
EMF Workshop on Climate Change Impacts and 
Integrated Assessment 
Snowmass, 21-31 July, 2015 



2015  #2  2015  #2  

WATER 

ENERGY FOOD/LAND 

Sustainable 
Solutions 

Energy-Water-Land Interactions 

“Development” 

Mega-drivers 



Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  
(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

Baseline	
  

Baseline	
  



Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

Baseline	
  

Baseline	
  

(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  



Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

Alterna(ve	
  Technology	
  Choices	
  for	
  2C	
  
(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  



Uncertainty	
  Range	
  

Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

Alterna(ve	
  Technology	
  Choices	
  for	
  2C	
  	
  
(intermediate	
  energy	
  demand	
  range)	
  

(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  



Uncertainty	
  Range	
  

Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  
High	
  Energy	
  Demand	
  

(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  



Uncertainty	
  Range	
  

Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

Low	
  Energy	
  Demand	
  (Efficiency!)	
  
(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  



Uncertainty	
  Range	
  

Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  



Uncertainty	
  Range	
  

Impact	
  of	
  Energy	
  Sector	
  on	
  Water	
  

Withdrawal	
   Thermal	
  Pollu@on	
  Consump@on	
  

(Fricko,	
  Parkinson	
  et	
  al,	
  forthcoming)	
  

Efficiency	
  +	
  Water	
  Adapta(on	
  Policies	
  



Climate	
  !	
  Water	
  !	
  Energy	
  (1)	
  
Streamflow	
  

van	
  Vliet	
  et	
  al.,	
  in	
  review	
  (do	
  not	
  cite	
  or	
  quote)	
  



van	
  Vliet	
  et	
  al.,	
  in	
  review	
  (do	
  not	
  cite	
  or	
  quote)	
  

Climate	
  !	
  Water	
  !	
  Energy	
  (2)	
  
Water	
  temperature	
  



Impact	
  on	
  Global	
  Power	
  Genera@on	
  
Capacity	
  

van	
  Vliet	
  et	
  al.,	
  in	
  review	
  (do	
  not	
  cite	
  or	
  quote)	
  



Water-­‐(bio)Energy-­‐Land	
  Tradeoffs	
  

Bonsch	
  et	
  al,	
  2014	
  

Irrigated	
  	
  
bioenergy	
  



Land	
  implica@ons	
  	
  
rainfed	
  vs	
  irrigated	
  bioenergy	
  

Bonsch	
  et	
  al,	
  2014	
  

>>	
  pressure	
  on	
  land!	
  

deforesta@on	
  	
  



Source:	
  Obersteiner	
  et	
  al.,	
  preliminary	
  –	
  do	
  not	
  cite	
  or	
  quote	
  

Environment	
  &	
  Food	
  Security	
  Tradeoffs	
  
(Land	
  resource	
  nexus)	
  



Can	
  transform	
  land	
  use	
  
and	
  energy	
  sectors	
  into	
  

net	
  sink	
  with	
  CCS	
  
star(ng	
  from	
  25%	
  eff.	
  

Some	
  measures	
  may	
  reduce	
  the	
  overall	
  land	
  pressure	
  

Can’t	
  escape	
  the	
  
tradeoffs,	
  but	
  can	
  
shiY	
  the	
  state!	
  
	
  
Climate	
  change	
  
oYen	
  acts	
  in	
  a	
  
similar	
  way,	
  but	
  
opposite	
  direc@on	
  

Source:	
  Obersteiner	
  et	
  al.,	
  preliminary	
  –	
  do	
  not	
  cite	
  or	
  quote	
  



2015  #18  2015  #18  

WATER 

ENERGY FOOD 

Sustainable 
Solutions 

Energy-Water-Land Interactions 
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Detailed impact modelling: how to incorporate risks/
opportunities due to cross-sector feedbacks 
 
IAMs:  
1) how to bridge/integrate spatial and temporal 
scales (local infrastr., management options, etc..) 
2) Common metric to integrate across sectors 
 
All:  
1) Social/distributional impacts (poverty eradication) 
2) DATA!! (including extremes, institutional/
governance constraints, etc..) 
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