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Discussion	
  topics	


•  Aren’t	
  we	
  missing	
  important	
  factor	
  for	
  food	
  
security	
  in	
  the	
  context	
  of	
  “real”	
  IAM?	
  

•  What	
  does	
  change	
  in	
  the	
  number	
  of	
  
undernourished	
  people	
  mean	
  in	
  the	
  
economical	
  sense?	
  

•  What	
  is	
  the	
  main	
  role	
  of	
  IAM	
  in	
  the	
  
agricultural	
  sector?	
  



Yield	
  change	
  is	
  important	
  but…	


•  Yield	
  change	
  due	
  to	
  climate	
  change	
  is	
  
important	
  
– There	
  are	
  number	
  of	
  studies	
  last	
  couple	
  of	
  
decades.	
  

•  Aren’t	
  IAMs	
  missing	
  important	
  factor	
  in	
  the	
  
context	
  of	
  food	
  security?	
  	
  
– Mi8ga8on	
  does	
  affect	
  



Informa8on	
  exchange	
  among	
  models	


Climate	
  informa8on	
  
(CMIP5)	


Impact	
  assessment	
  
model	
  

(Crop	
  models)	


Integrated	
  
assessment	
  model	


Ag	
  price	
  change	
  
Land	
  use	
  change	
  
Risk	
  of	
  hunger	
  
Food	
  security	


It	
  is	
  not	
  needed	
  to	
  be	
  IAMs	
  
but	
  agricultural	
  economic	
  
models	
  can	




Trade-­‐off	
  between	
  climate	
  change	
  and	
  
mi8ga8on	
  measures	
  in	
  food	
  security	
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Results	


-­‐74%	


280Mha	


250$/tCO2eq	


GHG	
  emissions	
 Carbon	
  price:	
  RCP2.6	


Land-­‐use	
  change	
  Bioenergy	
  supply	
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Global	
  impacts	
  on	
  food	
  security	
  in	
  2050:	
  
BaU	
  and	
  Mi8ga8on	


2005:	
  2680	
  kcal/cap/day　          　　　　　　	
  2005:	
  830	
  mil.	
  
2050	
  with	
  NoCC:	
  3256	
  kcal/cap/day	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2050	
  with	
  NoCC:	
  369	
  mil.	
  

Mean	
  food	
  consump8on	
  	
  	
  	
  	
  	
  	
  	
  Global	
  popula8on	
  at	
  risk	
  of	
  hunger	
  

Mi8ga8on	
  cost	
  effect	
  
does	
  majer!!	




Discussion	
  topics	


•  Aren’t	
  we	
  missing	
  important	
  factor	
  for	
  food	
  
security	
  in	
  the	
  context	
  of	
  “real”	
  IAM?	
  

•  What	
  does	
  change	
  in	
  the	
  number	
  of	
  
undernourished	
  people	
  mean	
  in	
  the	
  
economical	
  sense?	
  

•  What	
  is	
  the	
  main	
  role	
  of	
  IAM	
  in	
  the	
  
agricultural	
  sector?	
  



Number	
  of	
  undernourished	
  people;	
  
is	
  it	
  enough?	


•  Amer	
  we	
  could	
  iden8fy	
  the	
  change	
  in	
  the	
  
number	
  of	
  undernourished	
  people,	
  how	
  can	
  
we	
  digest	
  that	
  informa8on?	
  
– Economic	
  value	
  
– Macroeconomic	
  impact	
  



Proportion of children 
under 5 year of age 

stunted

Disability-Adjusted 
Life Years (DALY)

Number of mortalityYears Lived with 
Disability (YLD)

Change in
• Population
• Labor population Medical expenditure

Economic effects
• GDP loss
• Welfare loss

2 socioeconomic 
conditions

AIM/CGE model

Change in crop yield

Exogenous
variables

Model/ module

• Income
• GINI 

coefficient

the Prevalence of 
Undernourishment 

(PoU)

Endogenous
variables

DALY module
(Ishida et al., 2014)

Economic value 
of life lost

• Food calorie intake 
• Population at risk of hunger

Stunting module
(Lloyd et al., 2011, Ishida et al., 2014)

Food market

Modeling	
  framework	
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Household	
  
expenditure	


Model	
  improvements	
  
•  Calculate	
  Disability-­‐Adjusted	
  Life	
  

Years	
  (DALY),	
  Medical	
  
expenditure,	
  mortality,	
  Economic	
  
value	
  of	
  life	
  lost	
  from	
  	
  popula8on	
  
at	
  risk	
  of	
  hunger.	
  

	
  
Two	
  feedback	
  
•  1)	
  Mortality	
  to	
  changes	
  in	
  

popula8on	
  and	
  labor	
  force	
  
•  2)	
  Medical	
  expenditure	
  to	
  changes	
  

in	
  household	
  expenditure.	
  

Hasegawa	
  et	
  al.	
  Economic	
  impacts	
  of	
  climate	
  change	
  on	
  
human	
  health	
  through	
  undernourishment(in	
  review)	




Effects	
  of	
  climate	
  change	
  to	
  food	
  and	
  human	
  health	
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•  Food	
  consump8on	
  will	
  decrease;	
  PoU	
  and	
  DALY	
  will	
  increase	
  in	
  RCP8.5.	
  
•  The	
  effects	
  are	
  small	
  in	
  RCP2.6.	
  
•  Future	
  DALY	
  depends	
  on	
  socioeconomic	
  condi8ons	
  rather	
  than	
  climate	
  condi8ons.	
  

Prevalence	
  of	
  Undernourishment	
  

DALY	
   DALYs	
  per	
  1000	
  persons	
  



Economic	
  impacts	
  of	
  addi8onal	
  medical	
  expenditure,	
  
decrease	
  in	
  popula8on	
  and	
  labor	
  force	


•  Global	
  GDP	
  change	
  small	
  
•  Different	
  in	
  different	
  

regions	
  
Reasons:	
  
1.  Propor8on	
  of	
  healthy	
  

lives	
  lost	
  due	
  to	
  disease	
  
is	
  small,	
  with	
  the	
  
majority	
  of	
  people	
  
suffering	
  from	
  disease	
  
dying	
  prematurely.	
  

2.  Healthcare	
  costs	
  in	
  low-­‐
income	
  area	
  are	
  
rela8vely	
  low.	
  

　SSP3-­‐RCP8.5,	
  2100	
  
GDP　　　　　　　　　 Consump8on	
  

Other	
  Africa	
  
North	
  Africa	
  
Middle	
  East	
  

CIS	
  
La8n	
  America	
  

Brazil	
  
Other	
  South	
  Asia	
  
Southeast	
  Asia	
  

India	
  
China	
  
World	




Economic	
  value	
  of	
  lives	
  lost	
  due	
  to	
  undernourishment	
  
caused	
  by	
  climate	
  change	


•  Global	
  GDP	
  changes	
  -­‐0.6～
0.0%	
  

•  -­‐5.0%	
  of	
  regional	
  GDP	
  at	
  most	
  
•  Large	
  impacts	
  in	
  South	
  Asia	
  	
  
•  This	
  effect	
  is	
  much	
  larger	
  than	
  

the	
  effects	
  of	
  addi8onal	
  health	
  
expenditure	
  and	
  decrease	
  in	
  
labor	
  force.	
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Tol (2013)-VSL
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North	
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Discussion	
  topics	


•  Aren’t	
  we	
  missing	
  important	
  factor	
  for	
  food	
  
security	
  in	
  the	
  context	
  of	
  “real”	
  IAM?	
  

•  What	
  does	
  change	
  in	
  the	
  number	
  of	
  
undernourished	
  people	
  mean	
  in	
  the	
  
economical	
  sense?	
  

•  What	
  is	
  the	
  main	
  role	
  of	
  IAM	
  in	
  the	
  
agricultural	
  sector?	
  



The	
  role	
  of	
  IAM	


•  Only	
  IAMs	
  can	
  deal	
  with	
  mi8ga8on	
  analysis	
  
– How	
  does	
  mi8ga8on	
  interact	
  with	
  agricultural	
  sector?	
  

•  Land	
  compe88on	
  (bioenergy	
  and	
  afforesta8on)	
  	
  
•  GHG	
  pricing	
  dras8cally	
  change	
  the	
  agricultural	
  price	
  
•  Economic	
  loss	
  due	
  to	
  mi8ga8on	
  majers	
  

•  “INTEGRATED”	
  mi8ga8on	
  and	
  adapta8on	
  
assessment?	
  
– Adapta8on	
  in	
  agricultural	
  sector	
  would	
  help	
  
bioenergy	
  crops	
  expansion	
  and	
  enlarge	
  afforesta8on	
  
space	
  

•  But	
  keep	
  in	
  mind	
  that	
  integra8ng	
  is	
  not	
  the	
  
objec8ve	
  	
  



Scenario	
  framework	

Scenario	
   C l i m a t e	
  

condi9ons	
  
G H G	
  
em i s s i o n	
  
constraints	
  

O t h e r	
  
condi9ons	
  

Issues	
  to	
  be	
  analyzed	
  

S0	
   No	
  CC	
   BaU	
   -­‐	
   -­‐	
  
S1	
   RCP2.6	
   RCP2.6	
   -­‐	
   B	
  +	
  E	
  +	
  C	
  impacts	
  
S2	
   RCP2.6	
   BaU	
   -­‐	
   C	
  impact@RCP2.6	
  

S3	
   No	
  CC	
   RCP2.6	
   -­‐	
   B	
  +	
  E	
  impacts	
  

S4	
   No	
  CC	
   RCP2.6	
   No	
  land	
  input	
  
to	
  bio-­‐crop	
  
produc8on	
  

E	
  impact	
  

S5	
   No	
  CC	
   RCP2.6	
   Fund	
  transfer	
  	
   Effects	
  of	
  fund	
  transfer	
  
S6	
   RCP8.5	
   BaU	
   -­‐	
   C	
  impact@RCP8.5	
  
"NoCC":	
  No	
  Climate	
  Change	
  assuming	
  present	
  climate	
  condi8ons.	
  	
  
"BaU"	
  represents	
  no	
  emission	
  constraints.	
  
“B”:	
  Bioenergy	
  impact	
  
“E”:	
  Economic	
  impact	

“C”:	
  Climate	
  change	
  impact	
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Method	




Economic	
  value	
  of	
  Life	
  lost	
  as	
  a	
  result	
  of	
  Disability	
  	
  	
  
	


Uncertainty	
  in	
  assessment	
  of	
  the	
  value	
  of	
  a	
  life	
  is	
  considered	
  as	
  
possible	
  by	
  using	
  several	
  life	
  valua8on	
  indexes	
  based	
  on	
  the	
  previous	
  
literature.	
  	
  
	
  
Two	
  metrics	
  
•  the	
  Value	
  Of	
  a	
  Live	
  Year(VOLY):	
  an	
  evalua8on	
  based	
  on	
  DALY	
  

According	
  to	
  the	
  number	
  of	
  DALY	
  (i.e.	
  age	
  of	
  death).	
  
•  Value	
  of	
  Sta8s8cal	
  Life	
  (VSL):	
  an	
  evalua8on	
  based	
  on	
  the	
  WTP	
  to	
  

avoid	
  the	
  risk	
  of	
  death;	
  Lost	
  period	
  (i.e.,	
  age	
  at	
  death)	
  is	
  not	
  taken	
  
into	
  account.	
  

	
  
Four	
  value	
  of	
  Life	
  lost	
  
•  VOLY:	
  59,000	
  [€/DALY	
  1	
  year]	
  (Watkiss	
  and	
  Hunt,	
  2012)	
  
•  VSL:	
  	
  

–  €	
  1,100,000/death	
  (Watkiss	
  and	
  Hunt,	
  2012)	
  
–  200	
  8mes	
  the	
  annual	
  income/death	
  (Tol,	
  2013)	
  
–  US	
  $250,000	
  +	
  175	
  8mes	
  the	
  annual	
  income/death	
  (Tol,	
  1996)	
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Income	
  change	




Main	
  ques8ons	

•  How	
  much	
  food	
  consump8on	
  

and	
  popula8on	
  at	
  risk	
  of	
  
hunger	
  in	
  the	
  world	
  are	
  
improved	
  by	
  farmers’	
  
autonomous	
  adapta8ons	
  to	
  
climate	
  change?	
  	
  

•  How	
  much	
  is	
  the	
  magnitude	
  
of	
  uncertainty	
  associated	
  
with	
  socioeconomic	
  
condi8ons,	
  climate	
  
projec8ons	
  within	
  the	
  effects	
  
of	
  the	
  adapta8ons	
  on	
  food	
  
security?	
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Global	
  popula8on	
  at	
  risk	
  of	
  hunger	


•  %	
  change	
  becomes	
  larger	
  than	
  calorie	
  intake	
  
•  Adapta8on	
  seems	
  working	
  well	
  to	
  reduce	
  risk	
  of	
  
hunger	
   20	


in	
  2050	
  for	
  all	
  SSPs	
  &	
  RCPs	




Two	
  processes	
  by	
  which	
  the	
  three	
  factors	
  
affect	
  food	
  consump8on	
  	


(1)	
  Increase	
  in	
  food	
  price	
  reduces	
  food	
  consump8on	
  through	
  
price	
  elas8city.	
  
(2)	
  Decrease	
  in	
  income	
  reduces	
  food	
  consump8on	
  through	
  
income	
  elas8city.	
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Bioenergy	
  
impact	


Macroecono
mic	
  impact	


Climate	
  
change	
  
impact	
 Increase	
  	
  

In	
  food	
  price	


Decrease	
  	
  
in	
  income	


Decrease	
  	
  
in	
  food	
  

consump8on	


Price	
  
elas8city	


Income	
  
elas8city	


(1)	


(2)	


(1)	


(2)	
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Decomposi8on	
  analysis	
  of	
  change	
  in	
  food	
  consump8on	


Results	


Decrease	
  	
  
in	
  food	
  

consump8on	

[kcal/day/cap]	


=	


Effects	
  of	
  
increase	
  	
  

In	
  food	
  price	


Effects	
  of	
  
decrease	
  	
  
in	
  income	


Other	
  effects	
+	
 +	


Effects	
  of	
  	
  the	
  decrease	
  in	
  income	
  	
  	
  ＞＞ Effects	
  of	
  an	
  increase	
  in	
  food	
  price	
  


