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Climate Modeling 
Web Interface 

Wasatch Integrated Water Model 
Climate Data Access Tool 
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Hydrologic	  
Models	  

Use	  future	  climate	  modeling	  and	  downscaling	  to	  inform	  	  
probabilis5c	  scenario	  development	  (Strong/Kochanski,	  UU)	  

Planning	  model	  	  	  	  	  	  
(Burian,	  UU;	  SLC	  PU)	  

Natural	  system	  hydrologic	  and	  
hydraulic	  modeling	  (Burian,	  UU)	  

Urban	  watershed	  and	  
	  green	  infrastructure	  modeling	  	  	  	  	  	  	  	  

(SWMM-‐ET,	  Pomeroy/Burian,	  UU)	  

http://www.hiddenwaters.org/ 
Water	  Quality	  Modeling	  (SL	  
County,	  Poten5al	  iUTAH)	  

Demand	  scenarios	  	  	  	  (Tim	  
Bardsley,	  WWA;	  SLC	  PU)	  

Opera5ons	  model	  
(Poten5al	  iUTAH)	  	  

Water	  System	  Models	  	  	  
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Outcomes	  	  	  
Expanded	  informa6on	  for:	  
•  climate-‐water	  science	  
•  water	  opera6ons	  
•  long-‐term	  planning	  
•  infrastructure	  upgrades	  



•  WRF customized with Great Salt Lake model and urban 
irrigation scheme  
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In production 
on Yellowstone! 

Dynamical downscaling 

In production  
on Yellowstone 



•  WRF Great Salt Lake “slab” model 
Dynamical downscaling 

1 32 60 91 121 152 182 213 244 274 305 335 366

0

5

10

15

20

25

30

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
L

(o
C
)

day of year

 

 

MODIS
h = h 0

h = h (t )

T WRF
L

dTL

dt
= � 1

⇢wcwh
F

J(h) =

(
1
n�

X

t2�

⇥
T o

L(t)� T b

L(t, h)
⇤2

)1/2

Differential equation at each grid point 
 
 
 
 
Cost function  
 
 
 
 
Numerical optimization 

arg min

h
J(h); subject to : h 2 [0,1]

h = 5.1 m Strong et al. (2013), JAMES, in prep. 



CSmod 

Spatial domain 
Temporal domain 

Variables 
Scenario 

MATLAB, Python, Excel, … 

•  Developing a “Climate Scenario module” (CSmod) to 
generate on-demand, stochastic realizations of climate 

 

 



Statistical downscaling 
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Occurrence: two-state, 2nd-order Markov chain process 

Stochastic driver: spatially-correlated  
  multivariate Gaussian 
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 CSmod engine:  

KSLC March 
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Climate Scenario module 
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CSmod test: generate synthetic historical precipitation 
data 



Climate Scenario module 
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CSmod test: generate synthetic  
 historical record (1958-2012) 

18⇥ 12 = 216
sites   months  points 

CSmod future climate: amount and occurrence 
functions are re-fit allowing nonstationarity if 
justified by change in log-likelihood 



Integrated Water Resources Management (IWRM) 



Case Study 



Parley’s Water System 



Parleys GoldSim model 

GoldSim Player allows you to view, navigate, and 
run an existing GoldSim model without having to 
purchase GoldSim Pro. 

Streamflows 

Reservoirs 

Demand 



Player File Dashboard 



Adjustment 
q  Change factor approach (CFA): 

 

§  ΔT and ΔP are monthly change factors (CFs) of temperature and 
precipitation  

CF

GCM Reference DataGCM Future Data

Historical Data

Downscaled Future  
Data

Input 
Data

Output 
Data

Global Scale

Local Scale





Climate Scenario results 



Development Plans 

y = 2E-07x3 - 7E-06x2 + 0.0004x + 0.9 
R² = 0.99643 
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Water Conservation or Population Growth?  

y = 1E-05x3 - 1E-05x2 - 0.009x + 0.899 
R² = 0.99591 
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Server 



Web Interface (Collaboration with BYU) 



Management Tool for Users 



Connection Between Web and 
Server 

Web CKAN Python 

Excel 
input Python Run 

Model 



Comprehensive Knowledge 
Archive Network (CKAN) 
•  Web-based open source data management system for the 

storage and distribution of data 

•  CKAN provides a rich API for querying and accessing 
dataset information. 

•  Publish and Manage 
Data 

•  Search and Discovery 
•  Geospatial 
•  Community 
•  Visualize 

•  Themable 
•  Store 
•  History 
•  API 
 
 



Visualize 
Supports: 
•  line,  
•  spline,  
•  area,  
•  column,  
•  bar,  
•  pie,  
•  Scatter 
•  Etc… 
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Wasatch Integrated Water Model 
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Parleys Creek 
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Climate Data Access Tool for 
Analysis of Water Resources 

Observation 
File 

Specify the 
location 

Determine the 
time slices 

Find most 
accurate 
GCM 

Find 
maximum 
GCM 

Find 
minimum 
GCM 

Projection 
of future 
climate 

Extreme 
climate 
condition for 
specific 
location  

Download 
result in 
SWMM or 
GSSHA 
input format 

Analysis and 
Visualization 

User 
Interface 
(Input) 

Core of 
Tool 

Result 



Method 
•  Download	   climate	   data	   for	   the	   required	  
grids(daily	  and	  monthly)	  for	  all	  models	  in	  NetCDF	  
(NOT	  AUTOMATED)	  

•  Write	  R	  code	  to	  calculate	  which	  model	  predictions	  
are	  closest	  to	  the	  observations	  

•  Determine	   monthly	   change	   factors	   for	   every	  
model	  

•  Use	   these	   change	   factors	   to	   determine	   which	  
models	  project	  extreme	  conditions 



•  Intensity : Mean, Maximum, Moving Average, … 

•  Events and Duration: Average Duration, Interevent, mean event 
Depth, … 

•  Frequency Analysis: Probability distribution, return period, 
Exceedence probability, … 

•  Drought: Dry proceeding days, longest drought, … 

•  Spatial Analysis 

•  Indices: Standard Precipitation Index, Palmer Drought Index, Extreme 
Precipitation Index 

•  etc  

Potential Climate Analysis Tools 

•  Time series 
•  Hourly 
•  Weekday 
•  Monthly 
•  Annual 



Main Idea 
•  This	   package	   can	   determine	   which	   model	   (GCM)	   is	   most	  
appropriate	   (based	   on	   historical	   projection	   and	  
observation)	   	   for	   each	   part	   of	   the	   USA	   and	   prepare	   an	  
assembled	  model	  for	  future	  use	  

•  This	   package	   can	   present	   a	   good	   estimation	   of	   future	  
extreme	   climate	   condition	   for	   each	   part	   of	   the	   USA	   and	  
prepare	   an	   assembled	  model	   for	   future	   use.	   (now	  we	   are	  
working	   on	   three	   different	   parts:	   Salt	   Lake	   City,	   NYC	   and	  
Toledo)	  

•  The	   result	   can	   be	   used	   for	   different	   water	   models	   like	  
SWMM,	  GSSHA	  and	  HSPF	  

 



R-Code 



Results 



Climate Tool 
•  Developing the Climate tool for the first case study, Salt 

Lake City for precipitation (1950-2100) in monthly and 
daily mode. 

•  Using disaggregation  
methods to produce result  
in hourly scale.  



Accomplishments 
Conferences:  
•  Evaluating the reliability of a water supply system based on system dynamics 

modeling: A Case Study of Salt Lake City, Utah. EWRI Congress 2013 – Cincinnati, 
OH. 

•  Assessing climate change risks to a municipal water supply: A pilot project 
incorporating downscaled climate projections, operational hydrologic modeling, and a 
systems planning model. 2013 Spring Runoff Conference.  

•  Assessing climate change risks to a municipal water supply: A pilot project 
incorporating downscaled climate projections, operational hydrologic modeling, and a 
systems planning model. 2013 CPASW Climate Prediction Applications Sciences 
Workshop. 

•  Strong C. Future precipitation and snowpack along the Wasatch Range, American 
Water Resources Association Utah Section Annual Conference, Salt Lake City, 
Utah, 14 May 2013. 

Journal paper:   
•  Bardsley, T., Wood, A., Hobbins, M., Kirkham, T., Briefer, L., Niermeyer, J., and 

Burian, S. “Planning for an uncertain future: Climate change sensitivity assessment 
towards adaptation planning for public water supply.” Earth Interactions (in press). 



Future 
Conferences: 
•  Web-Based Reservoirs System Management Tool based on Dynamic Simulation 

for Water Utilities in Salt Lake City, Utah - EWRI Congress 2014 - Portland, 
Oregon. (Submitted) 

•  Using Dynamic Simulation to Support Integrated Water Resources Management 
in Cities - EWRI Congress 2014 - Portland, Oregon. (Submitted) 

•  Integrated Water Resource Management Tool based on Extreme Climate Change 
Impact. HIC 2014 - New York, USA. (Not submitted) 

Proposal: 
•  NSF Hydrologic Sciences, Fall 2013, Climate-Vegetation Impacts on 

Hydrologic Response 

Journal paper:  
•  Strong C, Kochanski A, Crosman E. A slab model of the Great Salt Lake for 

regional climate simulation. Journal of Advances in Modeling Earth Systems, in 
prep.  

•  Impact of climate change on water resources (Salt Lake City, Utah). (in prep) 




