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Clinic Aims

This clinic is intended for early career researchers
interested in gaining an understanding of basic integrated
modeling concepts as they relate to modeling earth science
systems.
The class will present

— key literature in the field,

— core concepts and terminology, and

— different integrated modeling systems.

Past, present, and future trends for designing integrating
modeling systems will be discussed.

Participants will also gain experience applying integrated
modeling concepts using CSDMS for simplified integrated
modeling examples.
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Integrated Modeling Definition

“Integrated Modeling includes a set of
interdependent science-based components
(models, data, and assessment methods) that
together form the basis for constructing an
appropriate modeling system (EPA, 2008b,
2009).”

Source: Laniak et al., 2013



Integrated Modeling Landscape

IM Applications: problem formations and solution approaches that
are transparent and holistic; recognizing interdependent
relationships

IM Science: transdisciplinary; human-environmental systems;
stresses model uncertainties

IM Technology: provide a means to express, integrate, and share
the science of IEM; standards and tools to facilitate the discovery,
access, and integration of science components.

A Community of IEM stakeholders and associated organizations
The primary focus of this talk will be on the technology aspects of IM

Source: Laniak et al., 2013



Example of Integrated Modeling
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The big picture workflow
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Abstract

In recent years, pressure has increased on environmental scienfist/modellers to both undertake good science in an efficient and
timely manner, under increasing resource constraints, and also to ensure that the science being performed is immediately relevant
to a particular environmental management context. At the same time, environmental management is changing, with increasing
requirements for multi-scale and multi-objective assessment and decision making that considers economic and social systems, as
well as the ecosystem. Integration of management activities, and also of the modelling undertaken to support management, has
become a high priority. To solve the problems of application and integration, knowledge encapsulation in models is being undertaken
in a way that both meets the needs for good science, and also provides the conceptual and technical structures required for broader
and more integrated application of that knowledge by managers. To support this modelling, tools and technologies from computer
science and software engineering are being transferred to applied environmental science fields, and a range of new modelling and
software development approaches are being pursued. The papers in this Special Issue provide examples of the integrated modelling
concepts and applications that have been, or are being, developed. These include the use of object-oriented concepts, component-
based modelling techniques and modelling frameworks, as well as the emerging use of integrated modelling platforms and metadata
support for modelling semantics. This paper provides an overview of the science and management imperatives underlying recent
developments, discusses the technological and conceptual developments that have taken place, and highlights some of the semantic,
operational and process requirements that need to be addressed now that the technological aspects of integrated modelling are
well advanced.

Crown copyright © 2003 Published by Elsevier Ltd. All rights reserved.

Keywords: Model integration; Component-based modelling; Modelling frameworks




Argent (2004) Model Integration at development and application levels I-IV
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Source: Argent, 2004
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Models developed by
individuals for a specific
research purpose

More general models that
can be used for a range of
research purposes

Flexible application to a
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operations ready
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model workings; model
operates as black box



Two views of model integration

File-based In-memory
GIS Data pre- GIS Data pre-
processing processing
Spatial data Spatial data
management management ¢
e Model 1 e Model 1
(eg hydrology) (eg hydrology)
Data ’
management
| Model 2 Model 2
(eg nutrients) (eg nutrients)
Mapping and Mapping and l
analysis tools analysis tools
\_’ Visualisation Visualisation
and analysis and analysis

Source: Argent, 2004




Terminology and Key Concepts

Development environment — a place where components can be
built based upon existing components or component templates

Core components — a library of components that represent various
pieces of knowledge

Support components — a library of components for common tasks
(e.g., data collection, gap filling, basic analysis, output, and
visualization).

Modeling framework — the place where modelers construct and
manipulate multi-component models.

Integrated documentation system — for managing components and
their metadata

Resource discovery system — for identification and access of
components

Model execution system — supports model runs potentially in
parallel from multiple users.

Source: Argent, 2004



Argent’s final paragraph is still true today ...

From an integration standpoint, the frameworks
developed to date, and those currently under construc-
tion, offer tremendous scope for the technical achieve-
ment of the modelling practice concepts espoused earl-
iler. We still, however, have the problems within
disciplines of developing agreed component structures
as well as semantic issues across disciplines for us to
overcome. These are not things that can be solved by
individuals. By addressing these in a shared manner,
possibly through shared cross-disciplinary development
and communication, we can work towards are more suc-
cessful application of knowledge in solving current and
future environmental management problems.

Source: Argent, 2004



What are these semantic issues?

* “the meaning of data, variable and parameter
names that are loaded into, used by, or
exchanged between, components.”

* “misunderstandings will arise unless there is a
clear and established meaning for various
state variables and concepts, and an agreed
language for communicating these.”

Source: Argent, 2004



Argent’s prediction for progress in
semantic issues

* First, we need to acknowledge that these
semantic difficulties exist and that the
difficulties will be expanded as the scope of
integrated modeling expands

 Then, “as we gain experience in working with
and explaining our terminology to members of
other disciplines, we will develop a more
semantically rich language”

Argent, 2004
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CSDMS Architecture




Original CSDSM Modeling Tool (replaced by by
Web Modeling Tool: WMT)

Working Directory

werking Project: TegeFlow + CC2D
{5 workspace . ® visarze @ jovwio 7 Hel |

Source: Peckham et a|., 2013



CSDMS Web Modeling Tool (WMT)

® ® @ CSDMS Web ModelingTool * /| @ CSDMSWeb ModelingTool * | @ LabsWMTCEM-csdms % | -+
€ | @& nttpsi//csdms.colorado.edu/wmt/ c 'O\ pearch I TE A A =

The CSDMS Web Modeling Tool goodall@virginia.edu ~ ® Sign Out

% Model (CEM + Waves + Avulsion + River) re{ 4 Parameters (CEM)

=] | 2 More v ¥ £y ?

S v
Simulation run time (d) ‘ 12,000.0|
B

River

- Number of columns in the computational grid I 200|
- ‘

Grid

Number of rows in the computational grid | 100|

Grid resolution in cross and along-shore direction (m) ‘ 100.0|

v

i v

CEM & v
v

Coastal Geometry
Waves
Gradient of the shoreface (-) ‘ 0.01 |
Water depth of the shoreface (m) I 10.0|
Gradient of the shelf () I 0.001 |
Sediment flux flag I 1 j

Oiitnit




EPA FRAMES
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Whelan et al., 2014




EPA FRAMES Module Editor

‘- Frames Development Environment - [Frames Module Editor]

:i File Editors Tools Configure Help

7 MEPAS 5.0 Air Module
E] n MEPAS 5.0 Aquifer Module
Executable Information
Reference Information
Company Information
Developer Information
Requirement Information
=@ Connection Schemes
- %¢ Scheme 01-wif#01;con#01
--%# Scheme 02-wif#01.cond01
[ MEPAS 5.0 Exposure Pathways Mo
£3 ﬁ MEPAS 5.0 Health Impacts Module
- .ﬁ MEPAS 5.0 Receptor Intakes Modul
B “ MEPAS 5.0 River Module
I ﬁ MEPAS 5.0 Secondary Source in St
e ﬁ MEPAS 5.0 Secondary Source in St
+- g MEPAS 5.0 Source in an Aquifer
g8 MEPAS 5.0 Source in Sail

B ﬁ MEPAS 5.0 Source in Standing Surfe
. B8 MFDAS B NVadaea Zana Madila

Whelan et al., 2014

Scheme Properties

Description

[Module file generated by ImportDes. exe.

1% file types are used for the scheme name,

# indicates the instance count of the file type.
[nput file

Available Dictionaries

= E Boundary Conditions A |
- @ Acute =
@ Acutef xposure
@ AffectedModules

@ AGRF
& AgeGroups v
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ChemBAF
ChemDiffusionCoefficier
ChemE nvironmentalR ate
ChemE sposuwreFactors ¥

AquiferPoints
AquiferPolygons
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ChemaquiferTotalFlus V|




Frames Dictionary Editor

“:- Frames Development Environment - [Frames Dictionary Editor]
@ File Editors Tools Configure Help

@ ChemSuraceWaterAdsorbedFlux # | ConcVanable Properties -

LTI Q ChemSurfaceWaterDissolvedConc Variable [T o

V4 o

v TimePts Description |The dissolve-phase concentration associated

4 @ ChemSurfaceWaterDissolvedFlux o
@ ChemSurfaceWaterTotalConc DataType |Float x| Dimension I
FFI @ ChemSurface'WaterTotalFlux Minimum [0~ Maximum [Es3g
4 @ ChemTerrestrialTRY _
- @ ChemThermodynamics H’:;::.e | MassAVolume ~jmor. =]
+- @ ChemToxici : ”
[i] . Chemvadog?;Tgta]Flux Stochastic |True ,I Preposltlon|
L'?‘] @& ChemwWSL Related Variables [SuﬂaceWaterPoints.Featue L]
+- @ Chronic List of indices
@ ChronicExposure Surface\WaterPoints Feature
+- @ cpSSF ChemList CASID T | Addindex
&] @ CSTROutput ChemSurfaceWaterDissolved
Bq @ EcoBodyBurdensSUF 2| _ Delindex
& eeGRF
' @ EMConfigFile [ Selfdindexed on the list of indices (implies itself as an index)

B-m

H

dh ChiMvitaria

Whelan et al., 2014



Frames Unit Conversation Editor

“*- Frames Development Environment - [Frames Conversion Editor]

E File Editors Tools <Configure Help

Kinematic viscosity ||~ ftProperties

Length
~B= cm Base Unit il
==
== in The value 1t LI
&= km | .05E-01 58 v
[ converts to :
B mi
== mm ~Factors
&= Nmi Unit Name |
= um : -
= g Using the equation:y =mx + b
Length/Time 3.28E+00 #t
Mass m (The Slope)
Mass/Area =| 328E+00 =10 m
Mass/Area/Time b (The Y-Int)
Mass/Mass + I 0.00E+00
Mass/Mass/Time .
Mass/Time Meaning: 1.0 m equals 3.28E+00 ft
hace/Timal/nliima

Whelan et al., 2014



FRAMES Domain Editor

Domain

Whelan et al., 2014

. Frames Development Environment
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<
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FRAMES Simulation Editor

Frames Development Environment - [Simulation Editor - Environmental Domain]

{i= B

Ditect Pond Release per Stom  Surface Water (2.5 mi

=S

aé Fate & Transport

Aqusfer

Pond Release to Aquiter Surface Water (2.5 mi)

! Vadose Zone
‘ Oveland Flow
. v

File: c:\program files\framesv2\mra-it\smulations\multinputs4. sim 'Ieonc Modl16 107272009 ' 1201 PM

Whelan et al., 2014




ESMF

Earth System

Modeling Framework

Global models

HPC emphasis

Coupling models
with gridded data
structures

Source: Hill et al., 2004
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Components and Couplers in ESMF

GEOS-5
| ; .
~ agem ] \ history ]
. | . |
_ dynamics ] | physics ]
. | R S — | E— | . | I
gravity wave drag | fvcore ‘ surface ' chemistry = moist_processes | radiation | turbulence
| - | | . | . . | ]
lake land_ice Hdata_ocean land infrared H solar

‘ l o |
vegetation = catchment ’




Some of the ESMF Benefits

* Well tested and used in operations

* Optimized to reduce overhead due to coupling

in high performance computing (HPC)
environments

* Parallel regridder with Python bindings that
can be used apart from ESMF (e.g., it is used
by CSDMS)



Object Modeling System 3 (OMS3)

Object
Modeling System
(OMS)
Overview

OMS

Platform

7T\

\Modeling Community

http://www.javaforge.com/project/oms

/e
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vodel | D | woser (| T
Development

KOMS Data Provisioning Platform\

Data Mart

Service

QMS Cloud Services Platform

*—
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OMS Knowledge Base Platform /

User
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Workflow
Application




Object Modeling System 3 (OMS3):
Principle Framework Architecture

Calibration, )
Sensitivity Ap[:)ﬂI?c:filon Audit Trails A\::IL; ?is Documentation Products
Analysis

‘ | Development

Models Simulations Tools
OMS3 l
Ontologies Components Meta data Knowledge
/ | \ Base
S Web Source
Services Repositories Resources

Source: David et al., 2013



OMS3 Component Architecture

Execution phases
(Initialize Run Finalize)

VXY |
{| Sty \
! ‘ A
Componentl} PR W WS O
| Y 4 \/ Component
. T C | ~ >
~, 7 7 ‘ 1 -
/ / d
! ’ 4 | O
;o utput data
Input data o
—> — 5y > —>
A
> 4
| 3 Component
5. %

Source: David et al., 2013



Example hydrologic model implemented as

Monthly Input

components in OMS3

Parameter

Soil Moisture Capacity

v

Runoff Factor

Monthly Ouitput

Suriace Runoff

L Monthly Controller

| > | Soil Moisture
= ; ; |
Pmp”am;l SoilMoisture Actal ET
| A
| Snow |Snow Slorage
Climate |
@
R | Potential ET
Temperalure > HamonET 5 = OUtPUt
| : | daylen - I
I
Month | Daylen Runoff Runoff

Source: David et al., 2013



FluidEarth

FluidEarth is a functional and technical platform for using OpenMl.

Pipistrelle: d:\work\MAY0402_FluidEart... = |[E]X]
File Edit View Run Tools Window Help
NG Ret s R ead s o

| ]

Tools

Fluid Earth SDK
Pipistrelle GUI
(Reference
Implementations for
OpenMI 2.0)

elnfrastructure

http://fluidearth.net
http://catalogue.fluidearth.net
http://sourceforge.net/projects/fluidearth/

Source: HR Wallingford, fluidearth.net

Models

A library of models
available for
compositions

Community

Model providers and
users




The FluidEarth Toolkit: Pipistrelle & SDK

The FluidEarth Software Development Kit is an OpenMI API:

- Creation of OpenMI 2.0 in C#, VB and FORTRAN;
- Windows or Linux (under Mono);
- Available on SourceForge in “Fluid Earth” project.

Pipistrelle is a tool for running OpenMI compositions:

- OpenMlI 2.0;

- Windows (with GUI) or Linux (under Mono, with console only);

- Adaptor functionality;

- Component Builder Plug-in (initial version);

- Compatibility with and conversion of FE OpenMI 1.4 components into FE
OpenMI 2.0 components to follow (if Data Operations not used);

- Spatial View Plug-in (to follow);

- Available on Source Forge in “Fluid Earth” project.

Source: HR Wallingford, fluidearth.net



@ Pipistrelle

File  Edit W¥ew Run Tools ‘Window Help

Configuration

Uutput‘ Runs ‘

Model Engine 1

Initialize

Perform
Timestep

Complete

TRIGGER

2-way Connection

ADAPTOR

Source: HR Wallingford, fluidearth.net
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Run-time Coupling between Model

Engines
User interface User interface
Input data —‘ Input data —‘
| |
—o0 o—
Get values
€
Output data "‘ Output data _‘
! |

Source: Moore and Tindall, 2005



Refactoring Model to IRF Paradigm

onginal engine revised engine
Main Main Function Initialize
{ { {
Open files p— *Open files
*Read input files
Read input files }

Function PerformTimeStep

b | £
O Time step loop O
}

close files Function Finalize
-
*Close files
} } }

Source: Moore and Tindall, 2005



Manual Semantic Mediation

Provides Accepts Provides
Ramfall Runoff Upstream Inflow Outflow
(mm) (m?/s) (m?/s) (m?/s)
Temperature Lateral inflow
(DegC) (/=)
Evaporation Abstractions
(o) (m¥/s)
Discharges
(m?/s)

Source: Moore and Tindall, 2005




Spatial Referencing of Model Data
Exchanges

River Model

- / / / / / / Elements are the
/- \_/ /_/"/“// locations where
VAl eyeyerd N aiulated
S S S S S

Source: Moore and Tindall, 2005



Data model for exchanges between models

s ..
\§\\§\" WHAT m

Loy WHERE
N

WHEN

Time

Source: Moore and Tindall, 2005



UML View of Quantities in OpenMI

«interfacex» «interfaces
1Quantity {Unit

«property» ID() - string

«property» Description() : stning
«property» ValueType() - ValueType
«property» Dimension() - IDimension
«property» Unit() - lUnit

«property» ID() - string

«property» Description() : string

«property» ConversionfFactorioSK) : double
«property» OffSetToSK) : double

+ + + + 4
+ 4+ + 4

«interfaces

«enumerations ) .
IDimension

DimensionBase

+ Equals(otherDimension :IDimension) : bool

Length: int=0 + GetPower(baseQuantity -DimensionBase) : int
Mass: int=1
Time: int=2
ElectricCument: int=3 «enumerations
Temperature: int=4 ValueType

AmountOfSubstance: int=5
Luminousintensity: int=6 + Scalar int=1
Currency: int=7 + Vector: int=2
NUM_BASE_DIMENSIONS: int

+ + + + + + + + +

Source: Moore and Tindall, 2005



Rain module

A

OutputExchangeltem N X
+Quantity = "Precipitation” \\\
+ElementSet = "Sub-catchments”
+DataOperation = "None”

"Average (temporal)"
"Accumulate (temporal)"
"Average (spatial)"

Links are used to define data exchanges between model
components within a specific model configuration

River model

InputExchangeltem

Rainfall-Runoff g

model =

InputExchangeltem

+Quantity = "Rainfall"
+ElementSet = "Sub-catchments”

+Quantity = "LateralFlow"
+ElementSet = "Laterallnlets”

. OutputExchangeltem

+Quantity ="WaterLevel"
+ElementSet = "River”
+DataOperation = "None”™
"Interpolate (spatial)”

OutputExchangeltem

+Quantity = "Outflow"

+ElementSet = "Outlets”™

+DataOperation = "None”™
"TimeAverage (temporal)”
"MaxValue (temporal)”

Source: Moore and Tindall, 2005

-\

¥

N




“request and reply” mechanism for
data exchanges

Linear chain (unidirectional) Linear chain (bidirectional)

- -~

A requests B, B requests C, C requests D. A requests B, B requests C, C requests B

D does its work and returns datato C, Cdoes its B returns a best guess to C. C does its work and returns
work and returns data to B, etc. datato B B does ts work and returns data to A

------ -» Request for data
What
Where
When

* Reply with data

Source: Moore and Tindall, 2005



Components implement the
ILinkableComponent Interface

org.OpenM|.Standard
<<Interface>>
ILinkableComponent
)
I Implements
1 =
org.OpenM|.Utilities.Wrapper | Access - Cip:%:,{;gg!:i :/ .
LinkableEngine - i
= IEngine
Inherit | Implements
)
MyLinkableModel MyEngineWrapper
Access
RiverModel.dll

Source: Moore and Tindall, 2005



OpenMI 2.0 changes how models are linked

OpenMI version 1.4 uses
data operations on links
as discussed before

OpenMl version 2.0
uses the concept of
data adaptors

Source: document #11-014r3 available here: http://www.opengeospatial.or

Link with dataoperations
Component 1 SO>S S

D Component 2

Spatial Time

Component
2

Spata
adeptation B

Time

adeptation A nterpoiation
» > . Wﬂput 2

imerpolation

%I‘nput a

Component

standards/openmi



Basic Modeling Interface (BMI)

 BMlI is defined using the Scientific <interface>
Interface Description Lanaguage bmi
(SIDL) here: + initialize()

+ update()

https://github.com/csdms/bmi/ +finalize()

. . + get_start_time()
blob/master/bmi.sidl + get_current_time()

+ get_end_time()

+ get_component_name()

* BMIis meant to be a light-weight | +get_input_var_names|)

+ get_output_var_names()

(basic) interface for exposing + get_value()
I
models as components e

+ get_var_type()
+ get_var_grid()

* Frameworks would wrap BMI +get_grid_spacing()
. + get_grid_origin()
components using framework- + get_grid_shape()

specific model interface standards



Proposed BMI to OpenMI Architecture

OpenMI
Framework
N

OpenMI OpenMI
Framework 1 Framework 2

BMI to OpenMI Bridge Wrapper

BMI .Net Wrapper

BMI BMI BMI
Component Component Component
1 2 N

BMI components can be used in
OpenMI v2.0 compliant
frameworks such as FluidEarth

&

OpenMI
C# Two layers of wrappers for (1)
C# .NET interoperability and (2)
IronPython BMI to OpenMI bridging
@ python

BMI-compliant model
components written in Python,
C, or Fortran



Key Interfaces in BMI and OpenMI

bmi | OpenMI 2.0

<interface>
bmi

+ initialize()

+ update()

+ finalize()

+ get_start_time()

+ get_current_time()

+ get_end_time()

+ get_component_name()
+ get_input_var_names()
+ get_output_var_names()
+ get_value()

+ set_value()

+ get_var_units()

+ get_var_type()

+ get_var_grid()

+ get_grid_spacing()

+ get_grid_origin()

+ get_grid_shape()

<interface>
IBaseExchangeltem

<interface>
IBaselinkableComponent

<<attributes>>
+ Component : IBaseLinkableComponent
+ ValueDefinition : IValueDefinition

+ Initialize()
+ Update()
+ Finish()

<<attributes>>

+ Arguments : IList<Argument>

+ Inputs : IList<ITimeSpacelnput>

+ Outputs :IList<ITimeSpaceOutput>

T

<interface>
ITimeSpaceExchangeltem

T

<<attributes>>
+ SpatialDefinition : ISpatialDefinition

+ TimeSet : ITimeSet

<interface>
ITimeSpaceComponent

<interface>
ITimeSpaceOutput

+ GetValues() : ITimeSpaceValueSet
<<attributes>>
+ Values : ITimeSpaceValueSet




Mapping between BMI and
OpenMI 2.0

This will be presented for 5 categories using the

following color coding convention:
1.

3. Getters and setters
4. Time information



Overview of Mapping From BMI to OpenMI

bmi \ OpenMI 2.0
|

<interface>
bmi

+ initialize()

+ update()

+ finalize()

+ get_start_time()

+ get_current_time()
+get_end_time()

+ get_component_name)
+ get_input_var_names()
+ get_output_var_names()
+ get value()

<interface>
IBaseExchangeltem

<interface>
IBaselLinkableComponent

<<attributes>>
+ Component : IBaseLinkableComponent
+ ValueDefinition : IValueDefinition

+ Initialize()
+ Update()
+ Finish()

<<attributes>>
+ Arguments : IList<Argument>
+ Inputs : IList<ITimeSpacelnput>

T

<interface>
ITimeSpaceExchangeltem

+ Outputs :IList<ITimeSpaceOutput>

AN

<<attributes>>

) + SpatialDefinition : ISpatialDefinition

+ TimeSet : ITimeSet

+ set_value()
+ get_var_units()
+ get_var_type()

[ ==Y

T

+get_var_grid()
+ get_grid_spacing()
+ get_grid_origin()

+ get_grid_shape()

<interface>
ITimeSpaceComponent

<interface>
ITimeSpaceOutput

Due to space restrictions, only selected information shown.

—)+ GetValues() : ITimeSpaceValueSet

<<attributes>>
+ Values : ITimeSpaceValueSet
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Semantics: From Glossaries to Ontologies
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Villa et al., 2009



Example of Semantic Annotation for a Model Input

Text box 1. Semantic annotation of a required model input.

|- =
is-a: Temperature,
vertically-distributed-in: PlanetarySurface,
has_unit: Fahrenheit,
max-value: (is-a: Temperature, has-value: 30.0, has-
unit: Celsius)
min-value: (is-a: Temperature, has-value: 19.0, has-
unit: Celsius)
distributed-in: (is-a: TimeSpan, step: 1, has-unit:
Month).

Villa et al., 2009



Sematic Relationships within Models
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Villa et al., 2009



Semantic Matching for Model Variables

standard variable name = object name + quantity name.

Goal: Remove ambiguity so that
the framework can automatically
match outputs to inputs.

Peckham, 2014



HydroShare

NSF supported collaborative project building from the
CUAHSI Hydrologic Information System (HIS) project

Resource-based sharing of hydrologic data, models,
analysis tools, etc.

Share resources with metadata with collaborators or
public

Discover resources use hydrology-specific metadata
Social objects (comments, rating, etc.)

http://beta.hydroshare.org is live now and http://
www.hydroshare.org is coming soon (the plan is for
this summer)




Conceptualization of Key Model Concepts and

Relationships: Component-based Modeling
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Morsy et al., 2014
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Conceptualization of Key Model Concepts and
Relationships: Stand-alone Models

Module Is used ' Model L
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Morsy et al., 2014
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Model Metadata: Capturing Connections Between Models,
Components, Raw Data, Derived Data, Model Inputs, Model
Outputs, Developers, Users Modellng Objectives, Etc.
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Model Web Vision

A dynamic web of models,

integrated with databases
and websites, to form a
consultative infrastructure

where researchers,
managers, policy makers,
and the general public
can go to gain insight
into “what if” questions.

Nativi et al., 2013



Archetypal SOA pattern

' Mediator

Nativi et al., 2013



OMS 3 within the Cloud Services Innovation Platform architecture
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David et al., 2013



The Model Resource Data Model proposed by Nativi et aI. (2013)

«documentation»
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Nativi et al., 2013



Example of using model web concept for coupling earth
system models

Personal Computer

B Model
: Workflow
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l{;; i HPC
L /L,J ECSMF CAM | Cluster
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Goodall et al., 2013



OpenMI/ESMF Interoperability via
Web Services

High Performance Personal

i
Computer i Computer
! GetValues
--------------------- l
i | |
[
f ESMF \ | GetDataValues : 1
aiminb iaiala il ol 1 I
Component/CAM ' I 1
- ’ ] r N
ESMF : . L 4 SWAT/OpenMI
Export :
State ! 4 CAM/OpenMI ) Input
Exchange Item
Wrapper
ESMF
Import Output
\ State Exchange Item
A
: Input
I Exchange Item
| SeflnpuData___
/ Output
T Exchange Item
I
: \_ J
] 4
I 1
1 GetValues 1

Goodall et al., 2013



Data flow for OpenMI/ESMF
Interoperability
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Goodall et al,, 20I3



Scaling analysis: Data transmission
time vs. model execution time

Legend
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Modeling Web using REST/
OGC Web Processing Service

Models exposed as services using the Open
Geospatial Consortium (OGC) Web Processing
Service (WPS) standard.

Get Capabilities gives metadata about models
on server

Describe Process gives metadata about a
specific model service

Execute is more complex that a typical WPS
to support model time stepping (e.g., session
state with users must be maintained)

Castonova et al., 2013
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WMT Tutorial

* Time permitting, | will briefly show how

integrated modeling concepts are used by the
CSDMS WMT.

* | will use the integrated model described in
the coastal evolution lab available here:
https://csdms.colorado.edu/wiki/

Labs WMT CEM
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Take home points

What is integrated modeling? IM seeks to provide methods and tools that allow
for the combination of data, models, assessment methods from multiple

disciplines into a single simulation system.

How is this typically accomplished now? By defining modular components (or
services) that encapsulate disciplinary knowledge and then coupling components
using a modeling framework to simulate a system.

What are some key challenges that require attention by researchers? Creating
general interface standards and semantic mediation across disciplines are two
key challenges.

Where is this all heading? To a model web: Both web-based configuration of HPC
models and Models as Services. Why? To overcome hardware and software
dependencies; to advance reproducible, reusable, and extensible of models; to
take advance of cloud infrastructures.
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