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Outline	

•  Conducted	
  a	
  global	
  water	
  scarcity	
  assessment	
  in	
  the	
  21st	
  century	
  	
  

•  Key	
  ques?ons	
  
–  Ques?on	
  1:	
  How	
  can	
  we	
  project	
  future	
  water	
  use	
  globally	
  

consistent	
  with	
  the	
  new	
  socio-­‐economic	
  scenario	
  of	
  SSPs?	
  
–  Ques?on	
  2:	
  How	
  can	
  we	
  project	
  future	
  water	
  scarcity	
  	
  

taking	
  into	
  account	
  sub-­‐annual	
  varia?ons	
  of	
  water	
  availability	
  and	
  use?	
  
•  Two	
  papers	
  have	
  been	
  published	
  (Hanasaki	
  et	
  al.,	
  2013a,b)	
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  Socio-­‐economic	
  Pathways	
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SSPs:	
  New	
  socio-­‐economic	
  scenarios	
  for	
  global	
  change	
  study	
  (a`er	
  SRES)	


Similar	
  to	
  SRES,	
  major	
  socio-­‐economic	
  factors	
  are	
  quan?ta?vely	
  available	
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How	
  do	
  people	
  use	
  water	
  in	
  each	
  SSP?	
  
	
No	
  water	
  use	
  scenario	
  in	
  SSPs	
  

	
  Tried	
  to	
  develop	
  a	
  water	
  use	
  scenario	
  COMPATIBLE	
  with	
  SSPs.	


intensityyElectricitWaterIndustrial ×=

Quan?ta?ve	
  scenarios	
  of	
  SSPs	

Scenario/?me-­‐dependent	
  parameter	


Low	
  efficiency	
  
Mid	
  efficiency	
  
High	
  efficiency	


Step	
  1.	
  Developed	
  simple	
  models	
  on	
  water	
  use	


Step	
  2.	
  Analyzed	
  historical	
  intensity	
  change	
  
	
  and	
  developed	
  parameter	
  paths.	

Ex:	
  Parameter	
  paths	
  on	
  industrial	
  water	
  intensity	


Answers	
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  Ques?on	
  1	




How	
  people	
  use	
  water	
  in	
  each	
  SSP?	
  
	


Step	
  3.	
  	
  Linked	
  three	
  parameter	
  paths	
  and	
  five	
  SSPs	
  focusing	
  on	
  narra?ve	
  scenarios	
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Answers	
  to	
  Ques?on	
  1	
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Water	
  use	
  scenarios	
  
	


Irriga?on	
  scenarios:	
  
(based	
  on	
  literature	
  review)	


Industrial	
  water	
  withdrawal	
  scenarios	


Municipal	
  water	
  withdrawal	
  scenarios	


Irriga?on	
  area	
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Answers	
  to	
  Ques?on	
  1	




Is	
  water	
  available?	


In	
  Part	
  1	
  “poten?al	
  water	
  demand”	
  was	
  projected.	
  
	
  Inves?gated	
  the	
  amount	
  of	
  water	
  is	
  hydrologically	
  available.	
  

Answers	
  to	
  Ques?on	
  2	


What	
  will	
  be	
  the	
  future	
  climate?	
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Global	
  water	
  resources	
  model	
  H08	
  
	


0.5°×0.5°	
  
67,420	
  cells	
  

Human	
  

Nature	
  

1.  Distributed	
  hydrological	
  model	
  
2.  Interac?on	
  between	
  natural	
  water	
  cycle	
  

and	
  major	
  human	
  ac?vi?es	
  	

3.  High	
  temporal	
  resolu?on	
  (daily	
  interval)	
  

Answers	
  to	
  Ques?on	
  2	


Hanasaki	
  et	
  al.,	
  2006,	
  2008a,b,	
  2010	




How	
  can	
  we	
  define	
  “water	
  scarcity”?	
  
	


Answers	
  to	
  Ques?on	
  2	
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Method	
  used	
  in	
  this	
  study	
  

Water	
  scarcity:	
  CAD<50%	
  	


Water	
  abstrac?on	
  simula?ons	
  
-­‐	
  Abstract	
  only	
  from	
  rivers	
  
-­‐	
  Daily	
  interval	
  
-­‐	
  Rivers	
  can	
  be	
  depleted,	
  
	
  	
  	
  and	
  withdrawal	
  can	
  fall	
  	
  
	
  	
  	
  below	
  demand	
  

Water	
  scarcity	
  index:	
  Cumula?ve	
  Abstrac?on	
  to	
  Demand	
  Ra?o	
  



Water	
  scarcity	
  assessment	
  
	


Answers	
  to	
  Ques?on	
  2	


Change	
  in	
  CAD	
  index	
  
 Africa	
  is	
  most	
  vulnerable?	
  
 Stress	
  increases	
  including	
  regions	
  	
  
mean	
  annual	
  runoff	
  increases	
  

worsen	
 eased	


Annual	
  based	
  index(WWR)	
  	


The	
  mean	
  annual	
  runoff	
  increases	
  
in	
  Sub-­‐Sahara	
  	
  annual	
  based	
  
indicator	
  becomes	
  beqer	
  but	
  CAD	
  
shows	
  opposite	


worsen	
eased	




The	
  effect	
  of	
  climate	
  policy	

Answers	
  to	
  Ques?on	
  2	


Water	
  stressed	
  popula?on	
  
 Popula?on	
  living	
  in	
  grid	
  cells	
  with	
  the	
  condi?on	
  of	
  CAD	
  <	
  50%	
  
 	
  Climate	
  policy	
  has	
  limited	
  effect.	
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Summary	
  &	
  Discussion	
  
	


•  Summary	
  
– Developed	
  water	
  use	
  scenario	
  
compa?ble	
  with	
  SSPs.	
  

– Assessed	
  water	
  scarcity	
  globally	
  taking	
  
into	
  account	
  sub-­‐annual	
  variability	
  in	
  
water	
  availability	
  and	
  use.	
  

•  Discussion	
  
–  Consistency	
  among	
  models	
  and	
  
scenarios	
  

– Adapta?on?	
  
•  More	
  informa?on	
  
–  Two	
  papers	
  are	
  available	
  online.	
  





Climate	
  policy	
  has	
  only	
  liqle	
  effect?	
  
	


Figure	
  16	
  Percentage	
  of	
  global	
  popula?on	
  living	
  in	
  grid	
  cells	
  categorized	
  as	
  
Significant	
  Degrada?on	
  (ΔCWD<-­‐0.05,	
  red),	
  Moderate	
  Degrada?on	
  
(-­‐0.05≤ΔCWD<0,	
  orange),	
  and	
  Allevia?on	
  or	
  no	
  change	
  (0≤ΔCWD,	
  blue).	
  Each	
  
category	
  was	
  subdivided	
  into	
  three	
  by	
  the	
  change	
  in	
  the	
  CWD	
  recorded	
  as	
  
Highly	
  Stressed	
  (CWD<0.5,	
  dark),	
  Moderately	
  Stressed	
  (0.5≤CWD<0.8,	
  medium),	
  
and	
  Less	
  Stressed	
  (0.8≤CWD,	
  pale).	
  The	
  bars	
  in	
  le`	
  and	
  right	
  show	
  the	
  results	
  of	
  
no	
  climate	
  policy	
  and	
  with	
  climate	
  policy	
  respec?vely.	


Figure	
  15	
  Region-­‐wise	
  total	
  global	
  popula?on	
  living	
  in	
  grid	
  cells	
  where	
  CWD	
  <	
  
0.5.	
  The	
  bars	
  in	
  le`	
  and	
  right	
  show	
  the	
  results	
  of	
  no	
  climate	
  policy	
  and	
  with	
  
climate	
  policy	
  respec?vely.	
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Why	
  don’t	
  you	
  use	
  WWR	
  index?	
  
	


rDischargeAnnualRive
drawalAnnualWithWWR =

Water	
  scarcity:	
  WWR>40%	
  	


Annual	
  river	
  discharge	
  change	
  
	
  Increases	
  in	
  many	
  parts	
  of	
  the	
  world	


Popular	
  water	
  scarcity	
  index:	
  Withdrawal	
  to	
  Water	
  Resources	
  Ra?o	
  

Answers	
  to	
  Ques?on	
  2	


Some?mes	
  misleading	
  results:	
  if	
  the	
  mean	
  annual	
  runoff	
  increases,	
  	
  
WWR	
  automa?cally	
  decreases	
  indica?ng	
  that	
  water	
  scarcity	
  is	
  alleviated	
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