A Cloud Approach to Hydrologic Models:
The Necessary Next Step for Today’s Decisions
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Ir@troduction

e |magination is the limit for modeling projects
— Memory and computational power are cheap
— Graphical User Interfaces/GIS facilitate assimilation of

“The eﬂectn reness of (today’s) deuamnx dependa on the quaht\ of information and
InCorporat nowledge about the reliability ({)1 conversely, the uncertainty) as-
sociated w 1th 1)1edlct1\e mamgement tools.” and “.. . decisions are made while f facing
uncertainty about predictions. If that uncertainty is leduc:.ed and accurately described,
then decisions will be made that tend to make for better use of the resource and increase

public benefits and/or reduce risk.” NSTC (2007)

“The important uncertainties connected with your ree;ulatorv decisions need to be
analyzed and presented as part of the overall regulatory analysis.” OMB (2003)

“A good analysis provides *-.p?(lh( references to... the results of formal sensitivity
and other uncertainty analyses.” OMB (2003)

parallel with computational advances

e |s it fair to demand all modelers to master all
aspects, or are projects getting too complicated?
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Presentation Notes
Graphics first, then hydro example


The World is Flat—OQutsourcing/C

ollaboration

e “The World Is Flat”

— Discusses outsourcing in modern
economy (Importance of “value added”)

— Enabled by rapid communication and an | The World Is Flat

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

A BRIEF HISTORY OF
THE TWENTY-FIRST CENTURY

Thomas L. Friedman

Thomas Friedman
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Issue Paper/

Are Models Too Simple? Arguments for

Increased Parameterization
by Randall J. Hunt', John Doherty?, and Matthew J. Tonkin®*

Abstract CIATES, INC.

The idea that models should be as simple as possible is often accepted without question. However, too much
simplification and parsimony may degrade a model’s utility. Models are often constructed to make predictions;
yet, they are commonly parameterized with a focus on calibration, regardless of whether (1) the calibration data




Consumer applications.

On demand creation of server
resources with root access.

Primarily for developers.
Usually limited to one or
two programming languages.
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From Luchette et al. (2009)




Jim Rumbaugh ESI - GoGrid Example

US & CANADA: 1.877.946.4743 WORLDWIDE: 1.415.869.7444 | BLOG | LIWECHAT | CUSTOMER LOGIH

CLOUD HOSTING | HYBRID HOSTING | SUPPORT  COMMUNITY _

i, o T T
BUILD THE MOST COMPLETE INFRASTRUCTURE IN THE CLOUD

CLOUD HO \ HYBRID HOSTING

On Demand Self-Service Hosting . [ Scalable High-Performance Networks

Depi oud oud ] h loud ture to d

® Upto 10 1P Ac

www.GoGrid.com



) GoGrid Cloud Hosting : Pricing - Opera

File  Edit Wiew Bookmarks  Widgets  Tools  Help

B Open ﬁsave aPrint QFind I:!I.'Home == Tile: Fﬁ Cascade  4® Voice

“« & & B ‘ffj ':!j #° |1 hikp/fwaven, gogrid. comfdoud-hosting/pricing php

Cloud Server Images With GoGrid You Only Pay For:

Custorm Cloud Server Images What is a Server RAM-Hour?

« Your Server RAM Hours
« Your Quthound Data Transfer
« Your Cloud Storage Usage (in excess of 10GE)

Cloud Storage
Simphy put, server a RAM-Hour is the total
amount of RAM you have deployed

Included Free With Every Account: multiplied by the number of hours it's Deen

A deployed.
+ 15 Hardware Load Balancing

- 10GB of Cloud Storage per month ixampfz:sone ZGRii;r;er deployed for 1
our = 2 Server -haurs
Take a Tour « Unlimited inbound Data Transfer

« 24/7 Premium Support

Pre-Paid Plans

GoGridvs. ECGZ & Rackspace

5 ESTIMATE YOUR COSTS
=

= ‘g%‘a and compare pre-pald plans
- =Ignup NOW R =T

.
ESTIMATE YOUR GOSTS Cloud Server Pricing
and compare pre-pald plans

WWIth OUr P e Pi-00 Plan, Server RAM hours are billed at $0.19 per GE of e meaagah per Hour

STARTUPS Pogrer, that breaks down to:
get FREE Microsoft software

CPU RAM Disk Size Cost per Hour
DEVELOPERS
get FREE Microsoft Softw 1 xHEDN 0GB 0098

1% Hean 60 GB $0.19
1 % Hean 120 GB $0.38
3 % ¥eon 240 GEB $076
6 % Xeon 480 GB 182

AYE MONEY

. Eg Pro-p oy TEP oM . yith an e=pTEDaid plans

Data Transfer Pricing

Wyith our Pay-as-you-go Data Transfer Plan:

per GH of Linlirnited
QUTBOLIND TRAMSFER INBOUMND TRAMNSFER

olr pre-paid plans

Cloud Storage Pricing

Cloud Storage is an optional service with an unlimited
amount of space available to you. Your storage usage
is determined by your peak storage space ulilization
during your billing cyele.

per GA per month
10GH per Wonth FREE

-

B BH - Q100 v




Add Web/App Senrer

Please enter the web server's name

dsave

Windows 2003 Server R2 (32-bit) w/ None

winZk3rZ 32 base




#% Remote Desktop Connection

Remote Desktop
Connection

General | Display | Local Resources | Programs | Experience | Advanced

Laogon settings
P L Enter the name of the remote computer,

e

Computer: 173.204.1.130
IJzer name: Admiristrator

You will be asked for credentials when you connect.
[ ] &llow me to save credentials

Connection sethngs
Save the current connection sethings to an RDP file or open a
zaved connechion.




Willem Schreuder - Principia Mathematica

BeoPEST

-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

—— = LAN File System Access
—— = Local File Sysfem Access

———= BeoPEST TCP/IP Messages

| Files
'—-—...
.

Slave 4

« indyng |s3d

Pest Control
Template Filgs
Instruction Jiles
Read—only gdata Files




Willem Schreuder - Principia Mathematica

BeoPEST

Local LAN Satellite USGS Office

—— BeoPEST TCP/IP Messages

— LAN File System Access
—= [] Replicatiot




GSFLOW and the need for speed

[ Run GSFLOW ] run

steady-state
= seconds to

run
—[ Declare and Initialize (step 1)]

|_[ Allocate and Read (step 2)

FUIIV Coupled —[ Daily Time Loop (step 3) ]
TrOUt Lake — 7_14 —[ Check for New Stress ]

hrS for 15_yr Read and Prepare (step 4) ]
simulation

Run Steady State (step 4) ]

—[ PRMS Land Surface (step 5) ]

—[ Iteration Loop (step 6) ]

—[ PRMS Soil Moisture (step 7)

Add flows from PRMS to
MODFELOW (step 8)

Black Earth Creek
= 2 days for 22-yr
simulation

Time-step loop

Iteration Loop

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

Add flows from MODFLOW
to PRMS (step 11)

MODFLOW formulate
(steps 9 and 10)

Check for convergence

[ PRMS and MODFLOW ]
budget (step 13)

—[ QOutput ]

_[Clean and deallocate (step 1Sﬂ




Wisconsin Water Science Center setup
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Cloud vs. Wisconsin Local Array
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Non-parallel vs. parallel

O local array (2.66 GHz)
B Cloud
B local array (3.0 GHz)
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one CPU 4 slaves 16 slaves 28 slaves
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Proposéd Rapid Communicatio'h for the
1ournal Ground Waterf

“Using a Cloud to Replenlsh Parched
Environmental Modeling Efforts?

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

Image from: http://theflatearthsociety.org
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