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The	
  coupled	
  effects	
  of	
  global	
  
climate	
  change	
  and	
  population	
  
dynamics	
  on	
  water	
  systems	
  are	
  
widely	
  considered	
  to	
  be	
  among	
  
the	
  greatest	
  urban	
  sustainability	
  
challenges	
  facing	
  humanity	
  in	
  the	
  
Anthropocene.	
  



Water	
  Sustainability	
  and	
  Climate	
  Change	
  in	
  the	
  
Colorado	
  River	
  Basin

Carly	
  Jerla,	
  US	
  Bureau	
  of	
  Reclamation	
  speaks	
  as	
  part	
  of	
  DCDC-­‐sponsored	
  forum	
  on	
  Water	
  Reuse,	
  October,	
  2013



IPCC	
  has	
  consistently	
  reported,	
  with	
  high	
  confidence,	
  that	
  the	
  hydrologic	
  effects	
  of	
  
climate	
  change	
  in	
  the	
  West	
  will	
  be	
  negative	
  and	
  significant	
  	
  (Jiménez	
  Cisneros	
  et	
  al.	
  
2014)



Warming,	
  droughts,	
  reduced	
  snowpack,	
  and	
  decreased	
  river	
  flows	
  are	
  consistent	
  with	
  
anthropocentric	
  climate	
  change	
  and	
  may	
  be	
  occurring	
  faster	
  than	
  predicted	
  (Overpeck
and	
  Udall,	
  2010)

Overpeck,  J.  T.  (2013).  Climate  science:  The  
challenge  of  hot  drought. Nature, 503(7476),  350-­
351.



The	
  present	
  drought	
  in	
  the	
  West	
  is	
  the	
  most	
  extreme	
  in	
  over	
  a	
  century	
  
(Cayan	
  et	
  al.	
  2010),	
  affecting	
  not	
  only	
  surface-­‐water	
  storage	
  but	
  also	
  

groundwater	
  reserves	
  (Castle	
  et	
  al.	
  2014).
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Water	
  levels	
  in	
  the	
  major	
  Colorado	
  River	
  
reservoirs	
  are	
  at	
  historic	
  lows

WATER	
  LEVEL	
  1,086.80
Tuesday,	
  February	
  7,	
  2017



Fig.  1  Top:  Multimodel mean  summer  (JJA)  PDSI  and  standardized  soil  moisture  (SM-­30cm  and  SM-­2m)  over  
North  America  for  2050–2099  from  17  CMIP5  model  projections  using  the  RCP  8.5  emissions  scenario.  

Future	
  drought	
  may	
  exceed	
  even	
  the	
  driest	
  centuries	
  of	
  the	
  Medieval	
  
Climate	
  Anomaly,	
  leading	
  to	
  unprecedented	
  drought	
  conditions	
  
(Cook	
  et	
  al.,	
  2015)



Given  environmental  and  
societal  uncertainties,  how  
can  cities  dependent  on  the  
CRB  develop  
transformational  solutions  to  
implement  water  
sustainability  transitions?  



Decision	
  making	
  under	
  uncertainty
“Second,	
  there	
  is	
  a	
  need	
  for	
  more	
  
research	
  that	
  is	
  not	
  only place-­‐
based but	
  also comparative (e.g.,	
  
cross-­‐site,	
  cross-­‐ecosystem,	
  cross-­‐
cultural)	
  to	
  advance	
  sustainability	
  
science.	
  Such	
  research	
  will	
  be	
  
essential	
  in	
  identifying	
  both	
  context-­‐
specific	
  and	
  generalizable	
  patterns	
  
and	
  relationships.	
  

Third,	
  we	
  should	
  increase	
  our	
  focus	
  
on	
  understanding	
  and	
  informing	
  
sustainability	
  transitions	
  in	
  ways	
  that	
  
are	
  anticipatory,	
  adaptive,	
  and	
  
responsive	
  to	
  stakeholder	
  needs	
  and	
  
interests.”



DCDC  III:  
Transformational  
Solutions  for  Urban  
Water  Sustainability  
Transitions





Urban	
  Sustainability	
  Transitions
• Traditional	
  water	
  governance	
  regimes	
  are	
  ill-­‐equipped	
  to	
  

respond	
  to	
  these	
  challenges
– expert-­‐driven,	
  overly	
  bureaucratic,	
  and	
  rely	
  on	
  technocratic	
  and	
  

hard-­‐path	
  engineering	
  solutions	
  
– suffer	
  from	
  path	
  dependence	
  and	
  lack	
  institutional	
  incentives	
  to	
  

consider	
  transformational	
  changes
• While	
  managing	
  transitions	
  requires	
  understanding	
  

biophysical	
  drivers	
  and	
  constraints	
  on	
  systems,	
  our	
  focus	
  is	
  
on	
  decision	
  making,	
  institutional	
  dynamics,	
  governance,	
  
and	
  multi-­‐sector	
  coordination	
  
– managing	
  transitions	
  toward	
  urban	
  water	
  sustainability	
  in	
  an	
  era	
  

of	
  climate	
  change	
  requires	
  innovative	
  approaches	
  to	
  governance	
  
that	
  are	
  anticipatory,	
  adaptable,	
  just,	
  and	
  evidence-­‐supported	
  



Redman,	
  C.	
  (2014).	
  Should	
  sustainability	
  and	
  resilience	
  be	
  combined	
  or	
  remain	
  distinct	
  
pursuits?.	
  Ecology	
  and	
  Society,	
  19(2).



Solutions	
  Framework	
  for	
  Transitions

• We	
  use	
  the	
  term	
  solution to	
  refer	
  to	
  both	
  substantive	
  changes	
  
made	
  to	
  socio-­‐ecological-­‐technical	
  systems	
  (outcomes)	
  and	
  the	
  
path	
  that	
  led	
  to	
  the	
  changes	
  (process)

• The	
  framework	
  enables	
  specific	
  knowledge	
  to	
  be	
  constructed	
  about	
  
individual	
  potential	
  water	
  solutions	
  consisting	
  of	
  three	
  distinct	
  
knowledge	
  areas:	
  
– a.	
  What	
  is	
  the	
  effectiveness	
  and	
  efficiency	
  of	
  a	
  water	
  solution?	
  
– b.	
  What	
  is	
  the	
  cause	
  of	
  a	
  water	
  solution?	
  
– c.	
  What	
  is	
  the	
  scalability	
  and	
  transferability	
  of	
  a	
  water	
  solution?

• The	
  framework	
  supports	
  generalization	
  of	
  knowledge	
  on	
  water	
  
solutions	
  through	
  meta-­‐analyses	
  based	
  direct	
  comparison	
  of	
  water	
  
solutions	
  without	
  losing	
  important	
  context	
  information

• Framework	
  is	
  structured	
  into	
  four	
  modules	
  with	
  goal	
  to	
  guide	
  
inventorying,	
  analyzing,	
  evaluating,	
  and	
  extrapolating	
  solutions





IPA	
  1:	
  Regional	
  
Climate	
  and	
  Land	
  
Use	
  Changes

IPA	
  3:	
  Simulation	
  
Modeling,	
  Scenarios,	
  
and	
  Visual	
  Analytics

IPA	
  2:	
  Actors,	
  
Governance,	
  and	
  

Institutions

IPA	
  4:	
  Evidence-­‐based	
  
Sustainability	
  
Transformation	
  

Strategies

Climate

Environmental	
  Uncertainties	
  

Land	
  Use	
  

Societal	
  Uncertainties

Economics Politics

Decision	
  Making	
  Under	
  Uncertainty	
  for	
  Water	
  Sustainability	
  Transitions

Figure	
  3.	
  Integrated	
  analytical	
  framework	
  for	
  theory	
  of	
  decision	
  making	
  under	
  multiple	
  uncertainties	
  to	
  inform	
  water	
  
sustainability	
  transitions	
  in	
  the	
  CRB.



Regional	
  Climate	
  and	
  
Land-­‐Use	
  Changes	
  as	
  
Biophysical	
  Drivers	
  of	
  
Urban	
  Water	
  Systems	
  
Decision	
  Making	
  
Under	
  Uncertainty	
  
{ IPA  1

IPA  2

IPA  3

IPA  4

Zhihua	
  WangEnrique	
  Vivoni





Actors,	
  Institutions,	
  
and	
  Governance	
  as	
  
Socioeconomic	
  
Drivers	
  of	
  and	
  
Constraints	
  on	
  Urban	
  
Water	
  Systems	
  
Decision	
  Making

{ IPA  1

IPA  2

IPA  3

IPA  4

Kelli	
  Larson Amber	
  Wutich Michael	
  Hanemann



Actors,	
  Institutions,	
  and	
  Governance

• Toward	
  water	
  sensitive	
  cities	
  
in	
  the	
  Colorado	
  River	
  basin:	
  A	
  
comparative	
  historical	
  analysis	
  
to	
  inform	
  future	
  water	
  
sustainability	
  transitions

• Climate	
  adaptation	
  framing	
  
and	
  discourse	
  in	
  Phoenix,	
  
Denver,	
  and	
  Las	
  Vegas

• Urban	
  water	
  demand:	
  
Sustainability	
  challenges	
  and	
  
transformational	
  solutions	
  of	
  
academic	
  scientists,	
  water	
  
consultants,	
  and	
  utility	
  
managers

2016	
  DCDC	
  Urban	
  Water	
  Demand	
  Roundtable
Denver,	
  Co







Simulation	
  Modeling,	
  
Visual	
  Analytics,	
  and	
  
Scenarios	
  for	
  
Integrating	
  &	
  
Exchanging	
  
Knowledge	
  
{ IPA  1

IPA  2

IPA  3

IPA  4

Ross	
  Maciejewski Ray	
  Quay David	
  Sampson









Anticipatory	
  Modelling
• Model	
  developed	
  in	
  participatory	
  

process	
  with	
  stakeholders	
  to	
  
explore	
  uncertainty

• Simulated	
  business-­‐as	
  usual	
  
(BAU)	
  and	
  mega-­‐drought	
  (MD)	
  
conditions	
  in	
  modern	
  Phoenix	
  
from	
  2000	
  to	
  2060

• Metrics	
  focused	
  on	
  groundwater
• Policy,	
  planning,	
  and	
  

management	
  interventions	
  (i.e.,	
  
solutions)	
  derived	
  from	
  
stakeholder	
  engagement	
  and	
  
research focused	
  including	
  
historical	
  analysis,	
  narrative	
  
analysis,	
  sustainability	
  appraisal,	
  
survey	
  research

Gober,  P.,  Sampson,  D.  A.,  Quay,  R.,  White,  D.  D.,  &  Chow,  
W.  T.  (2016).  Urban  adaptation  to  mega-­drought:  Anticipatory  
water  modeling,  policy,  and  planning  for  the  urban  
Southwest. Sustainable  Cities  and  Society, 27,  497-­504.
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Evidence-­‐Supported	
  
Transition	
  Strategies	
  
towards	
  Sustainable	
  
Water	
  Governance	
   { IPA  1

IPA  2

IPA  3

IPA  4

Dave	
  WhiteArnim	
  Wiek



Evidence-­‐supported	
  
Transition	
  Strategies

• Inventory	
  of	
  150+	
  water	
  
solutions	
  (outcomes	
  and	
  
processes	
  including	
  
technologies,	
  infrastructure,	
  
governance	
  arrangements,	
  
behavior,	
  etc.)	
  

• 17	
  water	
  solution	
  case	
  studies	
  
completed

• Studying	
  transfer	
  and	
  scaling	
  
water-­‐sensitive	
  housing	
  in	
  
Phoenix,	
  Denver,	
  Las	
  Vegas	
  
(interviews	
  and	
  modeling)

• Collaborating	
  with	
  
stakeholders	
  in	
  Phoenix	
  and	
  
Denver	
  for	
  pilot	
  projects



Conclusions	
  and	
  Discussion



Conclusions	
  and	
  Discussion
• Hydro-­‐climate	
  risks	
  require	
  

incremental	
  and transformational	
  
solutions	
  to	
  inform	
  transitions	
  for	
  
CRB-­‐dependent	
  cities

• Managing	
  sustainability	
  transitions	
  
requires	
  understanding	
  of	
  historical,	
  
social,	
  and	
  political	
  processes	
  to

• Understanding	
  the	
  circumstances	
  
surrounding	
  takeoff	
  in	
  past	
  
transitions	
  is	
  critical	
  to	
  learning	
  how	
  
to	
  catalyze	
  and	
  influence	
  the	
  
breakthrough	
  of	
  future	
  transitions

• Transition	
  management	
  relies	
  on	
  
understanding,	
  identifying,	
  and	
  
taking	
  advantage	
  of	
  “policy	
  windows”

• The	
  transition	
  process	
  requires	
  more	
  
effective	
  integration	
  of	
  multiple	
  
systems	
  of	
  knowledge	
  and	
  action

CAP	
  System	
  Use	
  Agreement	
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