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Introduction
• Imagination is the limit for modeling projects

– Memory and computational power are cheap
– Graphical User Interfaces/GIS facilitate assimilation of 

massive data sets of hydrogeologic information
• Ecological Questions Motivate GW/SW Interaction

– More reliance on complex packages (UZF,LAK,SFR)
• Calls for calibration/uncertainty analysis continue

– Decision-makers are requesting it
– Tools like parameter estimation (e.g., PEST) evolve in 

parallel with computational advances
• Is it fair to demand all modelers to master all 

aspects, or are projects getting too complicated?

Presenter
Presentation Notes
Graphics first, then hydro example



The World is Flat—Outsourcing/Collaboration

Thomas Friedman

• “The World is Flat”
– Discusses outsourcing in modern 

economy (importance of “value added”)
– Enabled by rapid communication and an 

inexpensive workforce
• Motivation for Collaboration

– Increased complexity/effort of project
• Enabling of Collaboration

– Digital nature of all aspects of our data
– Ability to wrap up and send a model

Taking advantage of the times:  Cloud 
Computing



The PEST Conference
November 1-3, 2009
Potomac MD

Joe Luchette et al.
(McLane and assoc.)
Cloud Computing

Willem Schreuder 
(Principia Mathematica)
BeoPEST



From Luchette et al. (2009)



Jim Rumbaugh ESI - GoGrid Example

www.GoGrid.com









Willem Schreuder - Principia Mathematica 
BeoPEST www.prinmath.com

-Special version of Parallel PEST (Doherty 2009) inspired by Beowulf Clusters
-Primary difference is how it communicates with slaves, and higher level actions 
required of slaves
-Access any numbers of:

-Local area networks (same as Parallel PEST)
-Wide area networks (WAN, e.g., different USGS offices)
-Cloud Servers

-More fault tolerant 
-Slaves can be dynamically allocated or removed
-No additional files 
-Security: 

-Binary string of parameters to run sent to slaves
-Binary string of distilled model outputs returned from slaves
-Maliciously corrupting the master-slave communications will cause the 
parameter optimization to go awry, but cannot cause slaves to execute arbitrary 
or malicious code. 

http://www.prinmath.com/


Willem Schreuder - Principia Mathematica 
BeoPEST



Willem Schreuder - Principia Mathematica 
BeoPEST

Satellite USGS Office

Cloud

Local LAN



GSFLOW and the need for speed
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Run GSFLOW

MODFLOW-only PRMS-only

Follow Sequence of Figure 10 Follow Sequence of Figure 5

Integrated simulation

Declare and Initialize (step 1)

Daily Time Loop (step 3)

Check for New Stress

Read and Prepare (step 4)

PRMS Land Surface (step 5)

Iteration Loop (step 6)

PRMS Soil Moisture (step 7)

Allocate and Read (step 2)

Run Steady State (step 4)

MODFLOW formulate
(steps 9 and 10)

Add flows from MODFLOW
to PRMS (step 11)

Check for convergence
(step 12)

PRMS and MODFLOW
budget (step 13)

Output

Add flows from PRMS to
MODFLOW (step 8)

Clean and deallocate (step 15)

Fully coupled:
Trout Lake = 7-14 
hrs for 15-yr 
simulation

Black Earth Creek 
= 2 days for 22-yr 
simulation 

…not so good for 
lots of parameters, 
suited for Cloud 
Computing?

steady-state 
= seconds to 

run

transient  = 
seconds to 

run



Wisconsin Water Science Center setup

Launch überPEST

run  ppest 
or 
BeoPEST

Post-process and
send email 

on completion

Dedicated Master

100 Core Array

Cloud



Cloud vs. Wisconsin Local Array
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Non-parallel vs. parallel
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Proposed Rapid Communication for the 
journal Ground Water: 

“Using a Cloud to Replenish Parched 
Environmental Modeling Efforts”

(in preparation; R.J. Hunt, J. Luchette, W.A. Schreuder, J. 
Rumbaugh, J. Doherty, M.J. Tonkin,and D. Rumbaugh,

Image from: http://theflatearthsociety.org
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