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Welcome	
  and	
  Introduc5ons	
  

Brad	
  Udall	
  



Purpose	
  of	
  Mee5ng	
  

Jeff	
  Lukas	
  



Purpose	
  of	
  Mee5ng	
  

•  Inform	
  stakeholders	
  about	
  WWA	
  projects	
  
•  Get	
  direct	
  feedback	
  	
  
•  IdenCfy	
  possible	
  new	
  partners	
  
•  Learn	
  more	
  about	
  stakeholder	
  needs	
  and	
  idenCfy	
  
new	
  projects	
  



Follow-­‐Up	
  from	
  2011	
  Mee5ng	
  

Eric	
  Gordon	
  



WWA’s	
  Strategic	
  Revisioning	
  

Bill	
  Travis	
  



WWA’s	
  Strategic	
  Re-­‐Visioning	
  
Key	
  plank	
  in	
  2010-­‐2015	
  proposal	
  to	
  “evolve	
  and	
  learn	
  

in	
  an	
  adapCve	
  framework”	
  
Adapt,	
  recognizing:	
  
•  Feedback	
  from	
  stakeholders	
  and	
  Advisory	
  Board,	
  
plus	
  insights	
  form	
  internal	
  and	
  external	
  reviews	
  of	
  
operaCons	
  

•  Changing	
  stakeholder	
  needs	
  and	
  increasing	
  
sophisCcaCon	
  

•  Changing	
  landscape	
  of	
  regional	
  climate	
  insCtuCons	
  
(e.g.,	
  LCC’s)	
  

•  Changing	
  societal	
  engagement	
  with	
  climate	
  (e.g.,	
  
extremes,	
  climate	
  services,	
  etc.)	
  



WWA’s	
  Strategic	
  Re-­‐visioning	
  

Key	
  plank	
  in	
  2010-­‐2015	
  proposal	
  to	
  “evolve	
  and	
  
learn	
  in	
  an	
  adapCve	
  framework”	
  

•  CreaCon	
  of	
  ExecuCve	
  Board	
  for	
  guiding	
  goals-­‐
seXng,	
  strategy,	
  investments,	
  and	
  internal	
  review	
  
and	
  efficient	
  operaCon,	
  all	
  aimed	
  at	
  balancing:	
  
– Outreach	
  
– Networking	
  
– Applied	
  physical	
  and	
  social	
  science	
  
– Product	
  development	
  
– EvaluaCon	
  

•  Renewed	
  focus	
  on	
  the	
  regional	
  
hydrological	
  cycle	
  and	
  water	
  reliability	
  
•  Revised	
  process	
  of	
  developing	
  and	
  
funding	
  projects	
  
•  Development	
  and	
  applicaCon	
  of	
  an	
  
“end-­‐to-­‐end”	
  project	
  framework	
  



WWA’s	
  New	
  End-­‐to-­‐End	
  
Framework	
  
Lisa	
  Dilling	
  



End-­‐to-­‐End	
  Framework	
  



Recently	
  Completed	
  Projects	
  

Part	
  1	
  



Reconciling	
  Projec5ons	
  of	
  
Future	
  Flow	
  in	
  the	
  Colorado	
  

River	
  Basin	
  	
  



Reconciling	
  Projec5ons	
  of	
  Future	
  Flow	
  	
  
in	
  the	
  Colorado	
  River	
  

B.	
  Udall	
  and	
  Colleagues	
  
•  MulC-­‐insCtuConal	
  effort	
  to	
  understand	
  diverse	
  21st	
  
Century	
  projecCons	
  for	
  CRB	
  flows	
  
–  UW,	
  Scripps,	
  UA,	
  CU,	
  ReclamaCon,	
  CBRFC,	
  NOAA	
  

•  Journal	
  ArCcles	
  
–  Vano	
  et	
  al,	
  2013:	
  UncertainCes	
  in	
  Future	
  Colorado	
  Streamflow,	
  BAMS	
  
–  Vano	
  et	
  al.,	
  2011:	
  Hydrologic	
  SensiCviCes,	
  JoHM	
  
–  Das	
  et	
  al,	
  2011:	
  Importance	
  of	
  Warm	
  Season	
  Warming,	
  GRL	
  
–  Hoerling	
  et	
  al.,	
  2009:	
  Reconciling	
  ProjecCons,	
  SH	
  

•  Note:	
  Many	
  recent	
  CRB	
  studies	
  
–  ReclamaCon,	
  NCAR,	
  CWCB	
  among	
  others	
  



Reconciling	
  Colorado	
  River	
  Flows	
  



Reconciling	
  Colorado	
  River	
  Flows	
  
•  Global	
  Climate	
  Models	
  
–  Seager’s	
  19	
  models	
  (2007)	
  drier	
  than	
  C&L	
  11	
  models	
  (2007)	
  
– Model	
  selecCon	
  can	
  significantly	
  impact	
  results	
  

•  Downscaling	
  Methods	
  
–  Preserve	
  or	
  not	
  preserve	
  GCM	
  precipitaCon	
  amounts?	
  

•  Land	
  Surface	
  Models	
  
–  Land	
  surface	
  models	
  (hydrology	
  models)	
  also	
  contribute	
  to	
  
uncertainty	
  

–  SensiCviCes	
  and	
  elasCciCes	
  are	
  another	
  way	
  to	
  think	
  about	
  
future	
  changes	
  outside	
  of	
  projecCons	
  

•  Model	
  Scale	
  
–  High	
  elevaCon	
  contribuCon	
  to	
  runoff	
  criCcal	
  
–  Hoerling	
  and	
  Eischeid	
  (-­‐45%)	
  	
  and	
  GCM	
  scale	
  fundamentally	
  
wrong	
  



Reconciling	
  Colorado	
  River	
  Flows	
  

1960 1980 2000 2020 2040 2060 2080
−0.2

−0.1

0

0.1

P−
E 

an
om

al
ie

s 
(m

m
/d

ay
)

2040−2069 change: −13.4%
11 GCMs, sresa1b

1960 1980 2000 2020 2040 2060 2080
−0.2

−0.1

0

0.1

2040−2069 change: −19.8%
18 GCMs, sresa1b

1960 1980 2000 2020 2040 2060 2080
−0.2

−0.1

0

0.1

Non Union

2040−2069 change: −25.2%
7 GCMs, sresa1b

GCM	
  SelecCon	
  is	
  Important	
  

Seager,	
  2007	
  

C&L	
  2007	
  

Missing	
  from	
  C&L	
  2007	
  

Downscaling	
  	
  Method	
  is	
  Important	
  

C&L	
  2007	
  
with	
  
alternaCve	
  
downscaling	
  



Paleohydrology	
  
of	
  the	
  Lower	
  
Colorado	
  River	
  

Basin	
  



Paleohydrology	
  of	
  the	
  Lower	
  Colorado	
  River	
  Basin	
  
B.	
  Rajagopalan,	
  J.	
  Lukas,	
  L.	
  Wade,	
  D.	
  Kanzer	
  

Gila	
  at	
  mouth	
  

Colo.	
  at	
  Imperial	
  Dam	
  

Lees	
  Ferry	
  

•  RaConale:	
  Lower	
  Basin	
  
contributes	
  ~15%	
  of	
  total	
  basin	
  
flow,	
  influences	
  Mead	
  &	
  Powell	
  
operaCon	
  

•  Generated	
  tree-­‐ring	
  paleo-­‐
hydrologies	
  400+	
  years	
  long	
  for	
  
Gila	
  and	
  mainstem	
  LCRB	
  flows,	
  
using	
  mulCple	
  methods	
  

•  Conducted	
  modeling	
  of	
  enCre	
  
Colorado	
  Basin	
  to	
  assess	
  risk	
  of	
  
drying	
  under	
  different	
  flow	
  
scenarios	
  and	
  shortage	
  policies	
  



•  Annual-­‐to-­‐decadal	
  variability	
  in	
  LCRB	
  flows	
  is	
  enormous,	
  both	
  
in	
  observed	
  and	
  paleo	
  periods	
  	
  

•  Reconstructed	
  LCRB	
  flows	
  show	
  extended	
  dry	
  periods	
  before	
  
1900	
  worse	
  than	
  any	
  since	
  

•  1900s	
  anomalous	
  in	
  having	
  two	
  mulCdecadal	
  wet	
  periods	
  

•  System	
  response	
  modeling	
  indicates	
  that	
  periodic	
  Gila	
  inflows	
  
under	
  current	
  management	
  could	
  modestly	
  decrease	
  risk	
  of	
  
drying	
  upstream	
  reservoir	
  storage	
  	
  

•  Bo,om	
  line:	
  The	
  Upper	
  Basin	
  drives	
  the	
  system,	
  but	
  the	
  Lower	
  
Basin	
  sCll	
  maners	
  
•  Could	
  Gila	
  inflows	
  be	
  managed	
  specifically	
  to	
  reduce	
  system	
  risk?	
  

	
  

Findings	
  



Climate	
  
Vulnerability	
  
Assessment	
  

Support	
  for	
  the	
  
Gunnison	
  Basin	
  



Climate	
  Vulnerability	
  Assessment	
  Support	
  for	
  the	
  
Gunnison	
  River	
  Basin	
  

J.	
  Barsugli,	
  B.	
  Neely	
  
	
  	
  
WWA	
  parCcipated	
  in	
  Bear	
  River	
  &Gunnison	
  pilots	
  of	
  
TNC’s	
  Southwest	
  Climate	
  Change	
  Ini5a5ve.	
  	
  	
  	
  	
  
	
  
WWA’s	
  roles	
  in	
  the	
  Gunnison	
  Basin:	
  	
  
•  Develop	
  climate	
  and	
  hydrologic	
  change	
  

scenarios	
  for	
  an	
  iniCal	
  workshop,	
  including	
  a	
  
follow-­‐up	
  wrinen	
  report.	
  

•  ParCcipate	
  acCvely	
  in	
  translaCng	
  climate	
  
scenarios	
  for	
  vulnerability	
  and	
  	
  adaptaCon	
  
expert	
  assessments.	
  	
  	
  

•  ParCcipate	
  with	
  the	
  Gunnison	
  Climate	
  Working	
  
Group	
  in	
  developing	
  a	
  strategy	
  for	
  ongoing	
  work.	
  

•  Co-­‐author	
  (with	
  TNC,	
  Colorado	
  Natural	
  Heritage	
  
Program	
  and	
  GCWG	
  members)	
  a	
  landscape-­‐scale	
  
climate	
  change	
  vulnerability	
  assessment	
  for	
  
habitats	
  and	
  species	
  of	
  concern.	
  



Gunnison	
  Basin	
  Vulnerability	
  Assessment:	
  	
  
Freshwater	
  Ecosystems	
  

Ecosystem	
   Vulnerability	
  Ra5ng	
  
Small	
  high-­‐eleva5on	
  
streams	
   Low	
  to	
  Moderately	
  Vulnerable	
  

Mid-­‐size	
  streams	
  	
   Moderate	
  to	
  Highly	
  Vulnerable	
  

Rivers	
  	
  	
   Moderate	
  to	
  Highly	
  Vulnerable	
  

High-­‐eleva5on,	
  
groundwater-­‐dependent	
  
wetlands	
  	
  

Low	
  to	
  Moderately	
  Vulnerable	
  

Montane	
  groundwater-­‐
dependent	
  wetlands	
  	
   Highly	
  Vulnerable	
  

High-­‐eleva5on	
  lakes	
  	
   Low	
  to	
  Moderately	
  Vulnerable	
  

Reservoirs	
  and	
  
associated	
  wetlands	
  	
   Moderately	
  Vulnerable	
  

Slide	
  contents	
  courtesy	
  of	
  	
  Renee	
  Rondeau	
  	
  CNHP	
  



Gunnison	
  Basin	
  Vulnerability	
  Assessment:	
  	
  
Species	
  Vulnerability	
  Summary	
  

•  Highly	
  vulnerable	
  
•  Sagebrush	
  shrublands	
  –	
  appear	
  

to	
  have	
  a	
  posiCve	
  future,	
  but	
  .	
  .	
  	
  
•  Declines	
  in	
  available	
  water	
  

(avg.)	
  affecCng	
  brood-­‐rearing	
  
habitat	
  

•  Increase	
  in	
  weeds,	
  e.g.,	
  
cheatgrass.	
  

•  Increase	
  in	
  fire	
  
•  Increase	
  in	
  drought	
  and	
  

therefore	
  summer	
  food	
  
availability	
  declines	
  

•  RelaCvely	
  low	
  geneCc	
  
variability	
  

Slide	
  contents	
  courtesy	
  of	
  	
  Renee	
  Rondeau	
  	
  CNHP	
  



Framework	
  
for	
  CO	
  River	
  

Water	
  
Availability	
  



Framework	
  for	
  Colorado	
  River	
  Water	
  Availability	
  
B.	
  Rajagopalan,	
  A.	
  Verdin	
  

Inspired	
  by	
  Rajagopalan	
  et	
  
al.,	
  2009	
  assessing	
  risk	
  of	
  
reservoir	
  drying	
  under:	
  
(a)  Natural	
  Variability	
  
(b)  Natural	
  Variability	
  +	
  

10%	
  flow	
  reducCon	
  
(c)  Natural	
  Variability	
  +	
  

20%	
  flow	
  reducCon	
  

Used	
  “Two	
  Tubs”	
  approach	
  
•  Considered	
  current	
  operaCng	
  rules	
  (2007	
  Shortage	
  Sharing	
  EIS)	
  
•  Analyzed	
  minimum	
  storage	
  requirement	
  alternaCves	
  of	
  0%,	
  20%,	
  40%	
  
•  Developed	
  alternaCve	
  operaCng	
  rules	
  

–  Store	
  more	
  in	
  Powell	
  (no	
  equalizaCon)	
  to	
  reduce	
  evaporaCon	
  
•  Easy	
  tool	
  to	
  evaluate	
  policy	
  opCons	
  
•  Drive	
  the	
  model	
  with	
  flow	
  scenarios	
  from	
  Rajagopalan	
  et	
  al.	
  (2009)	
  

What	
  is	
  the	
  yield	
  
reliability	
  from	
  the	
  
system	
  under	
  climate	
  
change	
  and	
  
operaCons	
  scenarios?	
  



Key	
  Messages	
  
•  Reduce	
  risk	
  with	
  CC	
  induced	
  

flow	
  reducCons	
  
•  Reduced	
  evaporaCon	
  by	
  

forgoing	
  equalizaCon	
  
•  PDFs	
  of	
  opCmal	
  yields	
  help	
  

planners	
  to	
  assess	
  risk	
  of	
  
desired	
  yield	
  for	
  growth	
  

•  Reliability	
  improves	
  without	
  
equalizaCon	
  

Min.	
  Storage	
  0MaF	
  
(let	
  the	
  system	
  go	
  dry)	
  

Min.	
  Storage	
  24MaF	
  
(40%	
  storage)	
  

No	
  Equaliza5on	
  
Natural	
  Flows	
  
10%	
  ReducCon	
  
20%	
  ReducCon	
  



U5lity	
  
Disincen5ves	
  

for	
  
Conserva5on	
  



U5lity	
  Disincen5ves	
  for	
  Conserva5on	
  
D.	
  Kenney	
  

Conceptually:	
  	
  	
  Reduced	
  demands	
  =	
  less	
  
vulnerability	
  to	
  shortages	
  =	
  effecCve	
  adaptaCon	
  
Is	
  that	
  true	
  across	
  different	
  scales?	
  
	
  
•  Two	
  types	
  (of	
  many)	
  disincenCves	
  to	
  water	
  
conservaCon	
  facing	
  M&I	
  uCliCes:	
  
– Fiscal	
  Disincen=ves	
  
– Supply	
  Reliability	
  Concerns	
  



U5lity	
  Disincen5ves	
  for	
  Conserva5on	
  

Fiscal	
  Disincen5ves	
  
–  IncenCves	
  for	
  consumpCon	
  
– The	
  “throughput	
  incenCve”	
  
– The	
  dark	
  side	
  of	
  increasing	
  block	
  rate	
  structures	
  

Supply	
  Reliability	
  Concerns	
  (Demand	
  Hardening)	
  
– Demand	
  hardening	
  exists,	
  but	
  is	
  it	
  a	
  problem?	
  
– Water	
  managers’	
  concerns	
  about	
  demand	
  hardening	
  
may	
  reflect	
  their	
  inability	
  to	
  influence	
  land-­‐use	
  
decisions	
  


