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•  Low amount of and seasonal precipitation 
•  Warm and dry climate 
•  Data gaps and uncertainty 
•  Growing urban population 
•  Climate variability and change 

Future	  Water	  Challenges	  



Tradi'onal	  Modeling	  So:ware	  Paradigm	  

(Slide courtesy of Norm Jones) 



A	  Digital	  Divide	  
HPC	  Specialists	  Researchers	  

•  Experimentalists	  
•  Modelers	  
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#PBS	  -‐l	  nodes=4:ppn=8	  
mpiexec	  

chmod	  #!/bin/bash	  

(Slide courtesy of David Tarboton) 



We	  are	  developing	  a	  suite	  of	  tools	  for	  building	  
Cloud-‐based	  applica'ons	  for	  modeling	  in	  support	  of	  
water	  management	  decision-‐making.	  

Data	  Sources	  

Numerical	  Models	  

Python	  Scripts	  

Server	  

Web	  Apps	  

End	  Users	  &	  Decision	  
Makers	  



CI-‐WATER	  System	  
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What	  is	  an	  app?	  



Tethys	  So:ware	  Framework	  

(Slide courtesy of Norm Jones) 



Web	  Mapping	  and	  Modeling	  



PloVng	  



Commercial	  Cloud-‐
CompuOng	  Resources	  
(Amazon,	  Google,	  
MicrosoV,	  etc.)	  

Distributed 
Computing Web-‐Based	  Modeling	  

ApplicaOon	  

Modeling	  Server	  

LAN	  Desktop	  
CompuOng	  Resources	  



CASE	  STUDY:	  	  SALT	  LAKE	  CITY	  
WATER	  MANAGEMENT	  



Stakeholders	  
•  SLCDPU:	  J.	  Niermeyer,	  L.	  Briefer,	  T.	  Kirkham	  

•  University	  of	  Utah:	  Burian/Goharian	  (Civil	  Engineering),	  Strong	  
(Atmospheric	  Sciences),	  Stoker	  (Planning),	  Christensen	  (Biology/
Ecosystems),	  Ehleringer	  (Biology),	  Harper	  (CHPC),	  McCool	  
(PoliSci),	  Hunter	  (Utah	  Educa'on	  Network)	  

•  WWA:	  T.	  Bardsley	  
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Water	  Supply	  
•  60%	  from	  the	  four	  of	  

the	  seven	  canyons	  
above	  the	  City:	  

City	  Creek,	  	  
Parleys	  Creek,	  
Big	  Coaonwood	  and	  
Liale	  Coaonwood	  
	  

•  20%	  Deer	  Creek	  and	  
Provo	  System	  

•  Rest	  from	  wells,	  
springs	  and	  
groundwater	  



Climate	  Modeling	  and	  Data	  Access	  

Urban	  Water	  
Supply	  System	  

Model	  	  
(Goldsim)	  

Hydrologic	  Model	  
(BYU,	  USU,	  WYO)	  

Stormwater	  
Model	  	  	  	  	  	  	  	  

(SWMM)	  

hap://www.hiddenwaters.org/	  
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Hydrologic	  Model	  
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36	  km	  

12	  km	  

4	  km	  

In	  produc'on	  
on	  Yellowstone!	  

Climate	  Data	  Access	  
•  CMIP5 projections 

•  Code identifies 
GCM with wettest 
and driest bias 
(BCSD 5) 

•  Disaggregates 
wettest & driest 
scenarios to 
hourly (BCCA 5) 

•  Applicable for 
U.S. 



•  CI-WATER simulations use WRF model with three 
nested domains 

36	  km	  

12	  km	  

4	  km	  

Boundary	  condiOons:	  	  
6-‐houlry	  NCEP	  CFSR	  
~38	  km	  resolu'on	  	  

	  1985-‐1994	  
	  1995-‐present	  

CMIP5	  (~1°)	  
	  2025-‐2035	  	  
	  2055-‐2065	  	  
	  2085-‐2095	  

CustomizaOons	  related	  to	  
water:	  	  
Satura'on	  vapor	  pressure	  
Urban	  irriga'on	  	  
Lake	  model	  	  
	  

Dynamical Downscaling	  



Research	  Ques'ons	  
•  What is impact of climate 

change on Salt Lake 
City’s water supply 
system performance? 

•  Future reliability and 
vulnerability of SLC water 
supply system? 

•  What impact will 
Rainwater Harvesting 
(RWH) have on SLC’s 
integrated urban water 
system performance? 



#1.	  Climate	  Impacts	  
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#2.	  Future	  of	  water	  in	  SLC	  





#3.	  RWH	  



SLCDPU	  Observa'ons	  (so	  far)	  
•  Salt	  Lake	  City’s	  surface	  water	  
sources	  show	  significant	  
sensi'vi'es	  to	  increasing	  
temperature	  

•  Earlier	  runoff	  'ming	  presents	  
challenges	  in	  mee'ng	  late	  
summer	  demands	  

•  Sources	  have	  different	  
vulnerabili'es	  

•  RWH	  can	  benefit	  broader	  
IWRM	  goals	  
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