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•  Private	
  provisioning	
  for	
  
private	
  benefit:	
  
–  Focus	
  on	
  the	
  benefits	
  to	
  
individual	
  actor/	
  
organiza=on	
  from	
  ac=ng	
  to	
  
reduce	
  vulnerability	
  

•  Privately	
  provided	
  public	
  
adapta:on	
  goods:	
  
–  adapta=on	
  process	
  and	
  
outcomes	
  con=ngent	
  on	
  the	
  
ac=on	
  of	
  private	
  individuals,	
  
who	
  see	
  liOle	
  benefit	
  in	
  this	
  
ac=on	
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Private	
  ac=on	
  à	
  
private	
  benefit	
  	
  

Farmers switching crops, 
adopting drip technology 
to maintain productivity 

Private	
  ac=on	
  à	
  
public	
  benefit	
  	
  
Farmers adopting 

conservation measures to 
enhance reliability of future 

public water supply 

Public	
  	
  
 

Public	
  ac=on	
  à	
  
private	
  benefit	
  	
  
Public subsidies for 
adoption of drought 

tolerant crops; public 
subsidies for input costs 

Public	
  ac=on	
  à	
  	
  	
  
public	
  benefit	
  	
  

Public investment in 
desalinization, dam 
construction, water 

infrastructure or pricing 



The	
  Central	
  Arizona	
  Case	
  

•  Agricultural	
  history	
  
•  Irriga=on	
  =	
  38%	
  of	
  
water	
  use	
  in	
  
metropolitan	
  area	
  

•  Water-­‐intensive	
  
coOon	
  and	
  alfalfa	
  
primary	
  crops	
  

Map	
  source:	
  	
  Arizona	
  Department	
  of	
  Water	
  Resources	
  (ADWR).	
  (2010).	
  Arizona	
  Water	
  
Atlas,	
  Volume	
  8:	
  Ac:ve	
  Management	
  Area	
  Planning	
  Area.	
  P.	
  175	
  



1970s 1980s-Present 20XX?

Property regime

Open access 

Pre-GMA: 
“Reasonable use” 

regulation of 
transport but not 

appropriation

State 
property

Post-GMA: 
State determines 

allocations
CAP water augments 

resource base

?
Climate-adaptive 
future paradigm

Common 
understanding

Appropriation of 
groundwater is an 
individual right of 

private land 
owners

Groundwater 
conservation for 

future generations is 
a public interest;

 
Compensation 
necessary for 
cooperation

?

Institutions and common understanding 
	
  



Institution Public good: 
safe yield 

Public good: 
full use of CAP 

CAP water priced 
below cost 

(direct subsidy) 

Positive effect; 
Shifts 

groundwater 
extraction to 

surface water use 

Positive effect; 
Increases use 
beyond market 

demand 

Base Program with 
flex credits 

(market-based) 
Minimal effect Minimal effect 

BMP Program 
(technical 

assistance/
performance  
standards) 

Negative effect 
compared to Base 

Program 
Positive effect 



Agriculture	
  Sector	
  Par=cipa=on	
  in	
  
Public	
  Good	
  Provisioning	
  

•  Public	
  Good:	
  	
  “Safe	
  Yield”	
  by	
  
2025	
  
–  Irriga=on	
  non-­‐expansion	
  and	
  

limited	
  water	
  rights	
  
–  Graduated	
  efficiency	
  

requirements	
  
–  Flex	
  credits	
  
–  Best	
  Management	
  Plan	
  

•  Public	
  Good:	
  full	
  use	
  of	
  CAP	
  
–  Municipali=es	
  subsidize	
  CAP	
  

use	
  by	
  agriculture	
  un=l	
  2030	
  



Public	
  provisioning	
  outcomes? 	
  	
  

•  Safe	
  yield	
  progress	
  via	
  agricultural	
  land	
  
re=rement	
  and	
  shib	
  into	
  CAP	
  water,	
  not	
  
change	
  in	
  farm	
  water	
  management	
  

•  Agriculture’s	
  role	
  absorbing	
  CAP	
  water	
  does	
  
not	
  incen=vize	
  change	
  in	
  agricultural	
  or	
  water	
  
prac=ces	
  



Need	
  for	
  Adapta=on	
  in	
  Public	
  Domain	
  

•  Possibility	
  of	
  the	
  
“Mega-­‐drought”	
  	
  
–  E.g.,	
  Seager	
  et	
  al	
  2007	
  

•  Declining	
  flows	
  in	
  
Colorado	
  
–  E.g.,	
  Hoerling	
  et	
  al.	
  2007;	
  NRC	
  

2007;	
  Christensen	
  et	
  al.,	
  2004	
  

•  New	
  awareness	
  of	
  water	
  
vulnerability	
  

–  E.g.,	
  Gober	
  et	
  al	
  2010;	
  Megdal	
  et	
  al.	
  2009;	
  
NRDC	
  2010;	
  Garfin	
  and	
  Lenhart	
  2007;	
  
Maguire	
  2006	
  

	
  

	
  Source:	
  Hoerling,	
  M.,	
  &	
  Eischeid,	
  J.	
  
(2007).	
  Past	
  Peak	
  Water	
  in	
  the	
  
Southwest.	
  Southwest	
  Hydrology,	
  
2007(January/February),	
  18-­‐19,	
  35.	
  



Key	
  characteris,cs	
  that	
  measure	
  farmers	
  
social	
  resilience	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  

•  Farmers’	
   responses	
   to	
   generic	
   yet	
   an=cipated	
   changes	
   in	
   water	
  
availability	
   are	
   determined	
   by	
   three	
   key	
   characteris=cs:	
   (PC	
   1)	
   the	
  
percep=on	
   of	
   risk	
   in	
   approaching	
   change,	
   (PC	
   2)	
   percep=on	
   of	
   the	
  
ability	
   to	
   cope	
   with	
   change;	
   and	
   (PC	
   3)	
   the	
   percep=on	
   of	
   their	
  
responsibili=es.	
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   generic	
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   water	
  
availability	
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   by	
   three	
   key	
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percep=on	
   of	
   risk	
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   approaching	
   change,	
   (PC	
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   percep=on	
   of	
   the	
  
ability	
   to	
   cope	
   with	
   change;	
   and	
   (PC	
   3)	
   the	
   percep=on	
   of	
   their	
  
responsibili=es.	
  	
  

Farmers	
  appear	
  to	
  manifest	
  characteris,cs	
  
of	
  social	
  resilience	
  

•  Respondents	
  are	
  more	
  concerned	
  about	
  future	
  water	
  risk	
  

•  Acknowledge	
   that	
   their	
   ac=ve	
   par=cipa=on	
   as	
   individuals	
   and	
   collec=vely	
   is	
  
essen=al	
  for	
  the	
  viability	
  of	
  agriculture	
  in	
  the	
  future.	
  	
  	
  

•  Par=cipants	
  demonstrate	
  an	
  entrepreneurial	
  antude.	
  	
  

•  They	
   feel	
   confident	
   in	
   their	
   skills	
   and	
   knowledge	
   to	
   cope	
   with	
   future	
   water	
  
problem	
  	
  

•  However	
   most	
   of	
   them	
   feel	
   that	
   they	
  may	
   have	
   to	
   change	
   their	
   strategies	
   for	
  
dealing	
  with	
  water	
  issues	
  in	
  the	
  future.	
  	
  

Our	
  findings	
  indicate	
  that	
  CAZ	
  farmers	
  are	
  capable	
  of	
  responding	
  to	
  new	
  stressors	
  related	
  
to	
   water	
   supply	
   in	
   flexible	
   and	
   entrepreneurial	
   ways.	
   However,	
   farmers	
   may	
   need	
  
improved	
  informa=on	
  and	
  targeted	
  support	
  on	
  adapta=on	
  op=ons.	
  	
  































Agricultural	
  Conversion	
  
•  Responsive	
  to	
  commodity	
  prices	
  	
  
•  Ins=tu=ons	
  maOer	
  

•  Need	
  to	
  consider	
  the	
  changes	
  in	
  desert	
  lands	
  
conversion	
  versus	
  earlier	
  periods	
  (contrast)	
  

•  BeOer	
  understanding	
  the	
  process	
  may	
  allow	
  
interven=on	
  	
  
–  But	
  would	
  it	
  improve	
  adap=ve	
  capacity	
  and	
  in	
  what	
  
ways	
  	
  



Mul=-­‐level	
  structure	
  	
  

River	
  
basin	
  

Irriga=on	
  
Districts	
  

AMAs,	
  
Coun=es	
  

State	
  



Theore=cal	
  framework:	
  Polycentric	
  
governance	
  

Meaning	
  :	
  governance	
  systems	
  that	
  exist	
  at	
  
mul=ple	
  levels	
  with	
  some	
  autonomy	
  at	
  each	
  level	
  
(Ostrom)	
  
	
  

Farmers	
   Farmers	
   Farmers	
   Farmers	
  

Irriga=on	
  
districts	
  

Irriga=on	
  
districts	
  

Irriga=on	
  
districts	
  

AMAs	
  





New	
  Thinking	
  about	
  Food	
  and	
  Ci=es	
  

•  Global	
  food	
  security	
  	
  
and	
  declining	
  
agricultural	
  land	
  

•  Rise	
  of	
  urban	
  
agriculture	
  and	
  
“locavore”	
  movements	
  

•  Burgeoning	
  interest	
  in	
  
agricultural	
  
mul=func=onality	
  	
  

	
  



Institution Privately-provisioned 
public adaptation good

Incentive
Direct payments, subsidies

Flexible inter-sector water allocation, 
amplified recharge,  heat island 

mitigation…

Multifunctional agriculture

Market-based
Purchase of agricultural land, water 

markets

Technical assistance
Education, portable equipment 

Norms of social 
responsibility

Voluntary gestures of solidarity, 
empathy, responsibility

Potential institutions for private-provisioning 
of public adaptation goods 

	
  



Conclusions	
  
•  Advantages	
  of	
  reframing	
  exis=ng	
  and	
  future	
  
policy	
  in	
  terms	
  of	
  public	
  provisioning	
  	
  

•  Several	
  significant	
  challenges	
  to	
  involving	
  farmers	
  
in	
  public	
  adapta=on	
  good	
  provisioning	
  

•  Need	
  to	
  understand	
  decisions	
  to	
  maintain	
  
farmland	
  	
  

•  Intersec=on	
  of	
  these	
  choices	
  with	
  use	
  of	
  water	
  
•  Need	
  to	
  integrate	
  farm	
  sector	
  in	
  discussions	
  of	
  
urban	
  water	
  policy	
  futures	
  à	
  Defining	
  meaning	
  
of	
  adapta:on	
  public	
  good	
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•  Generosity	
  of	
  interviewees	
  in	
  agricultural	
  and	
  
water	
  sector	
  












