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Modelling Area

e Chesapeake Bay is the largest estuary in North America stretching across
165,000 sq. km.

e The length of the coastline is longer than the entire US West Coast.

e The Bay’s land-to-water ratio (14:1) is the largest in the world; thus land use has
a big impact on the Bay’s health
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Model Elements
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Model Characteristics

NGSG

Operation Developer/ Time per |overall
System Licensing run * Runtime

Scripts: Open source 3 hour

MSTM CUBE Windows » 3 9 hour
CUBE: CitiLabs (16 hour)
SILO Java Multi-platform Open source 39 9 min 6 hour
EPA (MOVES
MEM  CUBE Windows " ( )/ 2 30 min 1 hour
CitiLabs
BEM R Multi-platform Open source 2 30 min 1 hour
CentOS
CBLCM C/C++ o USGS 2 3hour  6hour
Windows

* Server: 20 x AMD Opteron Processor 6328 @ 3.20GHz, 42GB RAM, Windows 7 23 hour



Processing flow order & simulation periods

NCSG

®--

2030-2040 e MSTM

‘ 2030 e SILO * MEM
e BEM
* MSTM e CBLCM

‘2007-2030 * MEM

e SILO ) EE&M Number of runs
O 2007 (simulated years)

¢ MSTM SILO 39
4 MSTM 3
2001-2007 MEM 2
* SILO
BEM 2
CBLCM 2



Data flow between the models

b

» Population

« Employment

» Accessibility by
auto & transit

CBLCM
Land Cover
Model
A
N » Building data: type, age, area,
2 (3) rooms, occupation, heating
fuel, location, etc.

Land Use Model

» Population
* Employment
 Auto availability

sie L

2 (39)

BEM
Building
Emission Model

“r

3 (39)

* Auto travel time
« Transit travel time
« Auto-operating costs

MSTM O\ 2(39)

Transport Model / (

MEM

Mobile Emission
Model

All trips within the region
Average speed distribution




Key Requirements of Integration

NGSG

Ability to develop models independently, such that they
may be plugged-in easily.

A modular approach supporting reusability and adding
new components.

User friendly graphical interface.

Minimizing manual data transfer.

Minimal or no change in source codes of the models.

Capacity to link models developed in different
programming languages and environments.

Ability to deal with different licensing requirements.

Compatibility with GIS for easy data visualization and
spatial analysis.

Minimal costs and efficient timing for implementation.



Progression of coupling methodologies

NCSG

tool coupling: framework provides tools to
support embedded and integrated modets,

‘ slnge GUll common % smﬁe '

joined coupling: one model embedded In other

I or two in parallel, single GUI, common data storage '

shared coupling: single GUI and separate data
storage, or multiple GUIs and common data storage

loose coupling: modeler interfaces with each model, uses
automated data transfer

one-way data transfer: modeler interfaces with each model,
manually transfers data

Source: Brandmeyer, J. E. & H. A. Karimi (2000). "Coupling methodologies for environmental
models." Environmental Modelling & Software 15(5): 479-488.



Manual Data Transfer
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Loose Coupling
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User Interface Coupling
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Data Coupling
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Embedded Coupling
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Tool Coupling
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Model Coupling Tools

NGS

+

ESIVIE-

Community Surface Dynamics Modeling System (CSDMS)

Earth System Modeling Framework (ESMF)

Model Coupling Toolkit (MCT) o
O-PALM OpenMI
OASIS
FLUX

Kepler &

Open Modelling Interface (OpenMIl)

& josbMs

COMMUNITY SURFACE DYNAMICS MODELING SYSTEM
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Open Modelling Interface

NBSG http://www.openmi.org

Compliant components can

be configured to exchange data during
computation (at run-time)

run simultaneously and share informatio
at each timestep.

Linked components may

come from different suppliers,

represent data and processes from
different domains,

be based on different concepts,

have different spatial and temporal
resolutions and representations.

string
string
string
string
ITimeSpan

1)

OpenMI

Initialize(IArgument[] properties)

ComponentID
ComponentDescription
ModellD
ModelDescription
TimeHorizon

liInputExchangeltem GetlnputExchangeltem(int index)
IOutputExchangeltem GetOutputExchangeltem(int idex)

int
int

void
void
string

void
IValueSet
ITimeStamp

InputExchangeltemCount
OutputExchangeltemCount

AddLink (ILink link)
RemoveLink(string linkID)
Validate()

Prepare()
GetValues(ITime time, string linkID)
EarliestinputTime

Finish()
Dispose()



http://www.openmi.org/

CLSDMSsS

COMMUNITY SURFACE DYNAMICS MODELING SYSTEM
http://csdms.colorado.edu/

Deals with the Earth's surface - dynamic interface between
lithosphere, hydrosphere, cryosphere, and atmosphere.

e Provides open-access to

numerical models. R e
. . . Header (BN The CSDMS Web Modeling Tool mark.piper@colorado.edu = Sign Out

e Converts existing models into | e i —"——"," S —

plug-and-play components. b= |
e (Can be applied for the models '-_
developed in C, C++, Fort —
evelopea in L, L++, Fortran, ponel [ [ e
Java lL Python. [ T——

[ ]
Requires specific changes in
the COde- I Parameters . [;]
panel



http://csdms.colorado.edu/

Table 1

Advantages and disadvantages of the five coupling methodologies

Methodology

Advantages

Disadvantages

One-way data tmnsfer

Loose coupling

GUI coupling

Data coupling

Embedded coupling

Integrated coupling

Tool coupling

Progrmmming changes to the models unnecessary, Source code not required;
suitable for proprietary models,

Faster implementation with lower initial cost,

Suitable For converting data between model versions.

Lower initial cost. Can link models and components with minimal changes to
existing eode,

Testing protoools address cach model, not direct model intemetions.
Independent model development path.

Supports distributed computing.

Supports encapsulation for object-oriented progmmming (COP).

Potentially reduced training time due to intuitive GULR

Potentially casier to create input files.

Polentially reduced execution time through reduced wser interaction time.
Supports proprietary code.®

simpler data maintenance,

Supporis DBMS for consistency and easier mainienance.
Reduced number of file comversion progrms,

Improved version control for data,

Elimination of data redundancy,

Supports data queries.

Reduced development cost.

Agoess to master model capahi lities,

Reusabil ity for master model’s code,

Eliminaies network communications.

Promotes code reusability.

Supports distributed, heterogeneous computing environments,
Redvced model development cost,

Supports community model development,

Supports both legacy and new maodels.

Supports version control for date and code

Supports encapsulation for OOP,

supparts distributed computing,

Supporis automated data backup.

Supports DEMS with data dictionary.

Data conversion requited between spatial and temporal scales, data file formats,
Manual data editing,

Cuiality assurance required for data conversions,

Mew conversion procedures required when update model or sysiem.

User respomsible for documenting all dota transfer and conversion steps.
Increased maodeler, simulation time,

Data conversion programs required between each set of coupled models,

Conversion maintenance when data structure changes for one model.

Data redundaney problems,

Requires permanent data keys,

Performance depends on network speed.

Additional layer between model and user, without improving the model,
Required automation of all model interactions, Model update requires GLT
update,

Programmers musi anticipate all model applications and user needs.

Potential limitations on data types,

Rich language suppaoriing geospaiial and atiribuie data types, relationships.
Owerall model performance depends upon DEMS, server speed.

Model interfaces depend upon DEMS,

Requires single compuling system.

Sounce code required for embedded model.

Functionality limited to language provided by the master,

Difficulty of code optimization.

Changing the master may require changing embedded models,
Increased computer requirements if all possible techniques and models are
embedded®

Higher initial eost o facilitate imtegration of additional components,
Metwork affects component performance.

Shared routines required throughout the heterogencous envimmment.
Higher initial cost due to famewaork design and development,
Relies on network and server speed.

Model applications and user needs must be anticipated.
Requirement for rich data language,

" Charnock et al. {1996,
Mandel {1997).

¢ Blodgett ot al, (1995),
4 Arentze et al, { 199a),

T
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Source: Brandmeyer, J. E. & H. A. Karimi (2000). "Coupling methodologies for,
environmental models." Environmental Modelling & Software 15(5): 479-488.



Loose Coupling with
Shared User Interface
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Python for Model Integration

NGAG
e Specific libraries: pUthOﬂ

— scientific programming (SciPy),

— modeling and data analysis (Pandas),
— visualizations and parallel computing (IPython)

e Language interoperability - often used to glue other programming
languages:

— MatlLab (MLabWrap), R (RPy), Excel (OpenPyxl), FORTRAN (F2PY, PyFort),
Delphi (Python4Delphi), Java (Jyton, JPype, Jepp), Perl (PyPerl), PHP (PiP),
C/C++ (Ctypes, Cython, SWIG)

e Runs natively on Windows, Mac and Linux.



Python Wrappers & ArcGIS Model Builder

CBLCM 2030

.
e

.

01

4 &

»
= = r z

oot e Y CAl CM Wrppers
SILO Wrappar Save 5110 2030 o
(20152000} Outputs % >

B51L0.py - Notepad [_ O]

Fle Edt Fomat View Hep

# Description:
% Run sILo (modeT) = Activities,cov - Exrel T H - 0O X
"
L gt F1e IMSERT PAGEL FORMU DATA REVIEW WIEW ACROE  Harutun. -
£ 3 G T o o A [:]
# 3 - Exported shared file
[ Created by: marutyun shahumyan &1 - Feo| Mz v
e Standard error handling A B c o £ F a H E
mES;E areey) 1 |;5MZ_r lACRES HH2007  EMR REZ007  OFF2007 OTH2007 TOT2007
jmpors ¢ ine 2 1 1603.51 10222 1706 373 999 829 2326
import string
i ) a 1 9072264 1885 1062 525 998 1005 2626
S st
:Eggi:ﬁddMessage("smo model start time: %s" % time.strftime( ' %x %x %2’ 4 3| 758.8632 1043 1447 32 1200 740 2357
3 4 1701724 637 0 96 628 330 1173
# Get input arguments
in_Program = arcEX-GetParameterﬂsText(0) 4 5 820.4843 4336 304 S84 2532 3las 6533
in_SILOPropertyFile = arcpy.GetParameterAsText (1)

# din_ExchangeFolder = arcpy.GetParameterAsText (1) | 7 & 1596.518 3557 3772 55 1739 1154 2993
# check that the program esist 8 74219648 1651 913 420 431 251 1154
if not arcpy.exists(in_Program):

Faise Exteption, 'INpUL program does not exist” 9 8 4723039 3814 1247 103 173 145 447
A aeaa o wrearam 10 9 553.1476 2819 ga2 74 1015 1275 2425
arcpy. Addiessage("Running %s* % (in_Frogram))

) 11 10 430.5006 3561 724 457 292 211 1009
P ocaet 20T i _erogran))

#subprocess.call¢[ java', '-Xmx40000m', '~classpath C:/models/silo/mstm 12 11 715.3842 5897 1418 184 83l 843 1569
#propFile=string. replace(in_SILOPropertyFile, '\\', '/') 13 12 763.0018 2502 5198 177 715 Fi0 1703
#progrile=string.replace¢in_program, '\{‘, )

#ar Py AniEsSage (propE+ 12) . ) . 14 13 447.3607 3013 1373 26 £98 1052 1817
#runjava = "Java —mx40000m -classpath "+in_Program+”;cimodelshsiToi\ms

#05. System(runjava)

#ar cpy. AddMessage(runjava)

siloclassrath="c:\modes4s110\mstm; C \mode]s\s 11 omstmyjavariTes\sloms

05, system("{ava —xmx40000m -classpath "+5iloclassPaths'” com.pb.siloMstm

J | .




Organizing Data Flow

NCSG

Household & ArcGIS Tool:

Employment by SILO2CBLCM
transport Zzones

Household &
Employment by
urban/rural areas
and by county

Residential and
Commercial Growth
IEEER




Adapting SILO Output for CBLCM

NCSG
p

Counts commercial (JJ)
and residential (HH)
cells in rural and urban
areas based on CBLCM
growth images.

Calculates the ratio
of the rural and
urban residential
and commercial cells
and joins the table
with SILO
households and jobs
table

Calculates the CBLCM demar‘d-’
table as the rural and urban
job and household numbers.

Exports the CBLCM demand table
as a csv file and saves it in 4

separate text files as required by
CBLCM







Python Wrappers

NGSG

Benefits
— No need to change the source codes of the models.
— Runs models developed in different environments.
— Can be extended with additional models over time.
— General user interface showing process flow.
— Rich visualisation & mapping capabilities with ArcGlIS.
— Easy to implement.

Limitations

— Parallel model runs and dynamic data exchange during simulation
time steps are not supported.

— Model processes run independently from one another.

— Data exchanged between modules are written to and read from a
hard drive. No in-memory data exchange.



Reasons for loose coupling and

tight intfegration

NCSG

Bi-directional
information flow

One-directional
iInformation flow

Occasional

. : Loose _

information coupling ~ j-id
exchange sufficient

tighter
i integration

Frequent
information
exchange

Courtesy of Dr Rolf Moeckel



Status & Potential Enhancement

NCSG

ChesROMS
Estuarine
Physics Model

HSPF

Water Quality
Model

MATSim
Agent-based

transport model

Habitat
Models

Integrated
Transport &
Health Impact

Dublin Pl
applicatim} ~

- Installed and coupled on the SESYNC server

ﬁ_oose Coupling System

Developed through Python & ArcGIS Model
Builder
CBLCM

Land Cover
Model

E o
CA"C pUthon
ESRI G Is

BEM
Building
Emission

Model

SILO
Land Use

MEM
Mobile

Transport ..
P Emission

Model Model

- Automatic data transfer (loose coupling)

- Installed on different remote servers or PCs

------- » Potential links
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Dublin Case Study

N c ; | The drivers of urban sprawl

Box 3  Dublin metropolitan area: rapidly i and

Dublin is 2 relatively small city by Eurcpean and international standards. However, it dominates the

urban pattern of Ireland in terms cgrapl

in the range of 1.9-2.2 million. The strong growth of the Greater Dublir
both within Ireland and as 2 capital city. C the
accommaodste 403 000-480 000 additional inhabitants by the year ~

Popu'ation growth and economic development, as well as house -
main drivers of land use change in the Greater Dublin area dur’
in Dublin are a significant push factor driving the population -

is cheaper o buy or build 2 house. Another push factor is =
forcing families with children needing more space to mov
and housing maore affordable. Personal housing prafere
Irish housing ideal (Michell, 2004). This preference i~

with the benefits of the proximity to the capital or
facilitated by the planning regime which imposas
low-density housing areas.

Urban-rural migration in the Graater Dubli
expense of the City of Dublin. The g
‘transport, suggesting a preference for
employment. Ancther push factor is*
of orbital roads and rail networks r
journey through the centre. Ofte”
from one side to the other (Gk

The regicnal MOLAND made.
following 9 counties: Dublin Cu
According to the 2025 scenario, v
estimated to increase by 110 % ow.
than double while induszrial areas wib

. a
Greater Dublin metropolitan area population was 1 535 000 in 2002, 40 % of the total Irish population.
The National Spatial Strategy (2002) suggests that by 2020 the Greater I’

{Bannon, 2000). The

lin area population will be
-ult of the region’s role
Slin ares will need wo

+ed to be the
house prices

When Dr Brendan Willisms and his team are filling up. It's an unsustainable patterm,

hird study o according to Williams, and one which requires &
bird s eye view to address.

“People tend to identify with issues that relate

1o their Local area.” says Dr Williams. "It's fine

for paople to be Interested in the local market

or the services svallable to them. But we need

an overview. There are lots of individusls,

rospanse was predictable. The report
reached conclusions about the trajectory of
Dublin property values: the national dailies
ran with yet more headlines about house

prices. However, this report had a great deal
more to say about the impact of housing

The long commute

Dublin’s commuter belt now extends over 100 kilometres from

* where it the Dublin area. Dr Brendan Williams talks to Louise Holden
<entre, 2 A :
— about the implications of this development.
s the

zoning in line with best
intemational practice and reduce
the risks of comuption.” the report
recommends.

However, Dr Williams and his team
are ot an a mission to tear down
the system. “We're not suggssting
corfranting the existing autherities. Msry

Map shows radtionst Dublin commuter beltof
25 and ewwider catchmens e of 100k,
& Crdnance Survey retand /Governmant of vetand

and the iszues but
o one is looking at the whale picture.”

‘ort, schooling, healthcare, leisure,

/'O/) T

omy and the global
*Urban Sprow and Mavket ) v
~eater Dublin Area, is the :
g view of the
and ting in

According to Williams, there is a proposal for 3
grester DublinArea Authority on the table as
well a3 proposals for regional planning which

— are part of the National Spatial Strategy. but

claimed that we were forwarding
the notion of  plan

S ——
Some key findings

meaningful resources are required."

This s 8 micro-debate within a much larger
izsue, and Williams iz hopeful that his study will
contrbute to & more circumspect approach to
planning and the environment.

This report will contribute to a larger study,

the Urban Ervironment Project coordinated by

Protection Agency, to look at the long term
impact of urban sprawl. This i 3n inter-
institutional project that will exsine urban

o L TP
=0
/el CH

north from the Greater Dublin =rea zlon,
or industrial or commercial development w.
areas. The 2025 scenario also suggests the o
‘the Dubli [fast corridor. This w .
pely-centric relationship with the neighbouring cit.
Metropalitan area needs land use guidance and zoni

a more sustainable form of development aver the peric

Map Dublin 1990 and modelled scenario for 2025
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Source:

MOLAND (IRE)

Three-quarters of all Europeans now live in
urban areas and this is expected to rise to 90
per cent by 2020 based on current trends (EEA)

those have never boan fully actvated, and may  roaer o

HEADLINE: Dublin is citsd as worst-case scenario of sprawl

BYLING: Framk McDenald, Bmvircrment Editor, in Copenhagen

1in's sprawl is being used by the Eurcpean Bnvironment Agency (EER) as a

BODY:
Dublin &
sorat-case scenarie’ of urban planning so that newer EU member states such as
04 might avoid making the same mistakes.

menth, the Copenhagen-bassd agency
case studies to show what can happen
contrel, accerding to its main suthor,

o reag Rl gl ek g
Q. heads the EE's apatial amalyie unic, said Treland was ey
// L L I T
() memann o I abviemnln,

t results, we were absclurely surprised. We couldn't

s, %y,
s, %y
. 2%

4

g a1l cver Eurcps, Dublin's case was particularly
strative case for cities in eastern Europe to
= money flow without having a vieiem of

ver statss recsiving "massive supp:
523 schemes, Mr Unsl said they 'nesd to

rstand why such developments can
urban sprawl,

not just around

me had consumed a land arsa
ay is addressing this




Land use
mapaTt t'[“e MACRO MODEL
o Global Level
el (Greater Dublin Region)

Population and Employment
Trends

1926 1946 1956 1966 1979 1986 1996 2006

MICRO MODEL
Local Level (426,500 cells)

Influence of Residential area on
Commercial areas

Neighbourhood
Rules

Attraction

Relative Influence
s B o5
oo wum oo oo

0 5657 8246 1077 1265 1442
Distance

Influence of Industrial areas on
Residential areas

s [

Regional Level
(5 counties in the Region)

K Socio-Economic
\ R . S L et S L N

. Qutput i t

Region | Cell demand... | Productivity... | Crowding Ava’lahleq:u...‘ N |
Lauth 143,902 157.941 1 20235 ‘
Meath 126,839 300.156 1 57366 )
Dublin 891,322 176,332 1 19877
Kildare 21272 186055 1 4083 |
1 Wicklow 107,564 230,658 1 49177 |
|
— B

\
Land Use Transition in the\%

e 0
E 5 600 800 894.4
% -10
‘% -15
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Distance
Transport

Accessibilit £ON&S
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MOLAND Model |

Land use map
at time T+1




Sample MOLAND Simulation

|:| Arable land

|:| Pastures

|:| Heterogeneous agricultural areas
. Forests

|:| Semi-natural areas

. Wetlands

B Abandoned

. Residential continuous dense urban fabric

. Residential continuous medium dense urban fabric

. Residential discontinuous urban fabric

. Residential discontinuous sparse urban fabric

B industrial areas

. Commercial areas

. Public and private services

|:| Port areas

. Construction sites

. Road and rail networks and associated land
B zirport

. Mineral extraction sites

[l Dump sites

. Artificial non-agricultural vegetated areas
. Restricted access areas

|:| Water bodies

|:| Outside area

01 Jan 2000

r




SLAM: Source Loading Apportionment Model

A source-oriented model that calculates the nitrogen & phosphorus losses
to surface water from each sector in a catchment using monitoring data
where available and GIS datasets.

— Purpose: To rank the sources (e.g. Agriculture, UWWTP) contributing to nutrient
loads in a catchment.

— OQOutput: Maps & charts showing proportion of nutrients attributed to each sector.

BREAGAGH (TIPPERARY)_010 Load Apportionment Results - Draft v1.6

N Load - Annual Average (14 kg'halyr)

Phosphorus Loads
B Wastewater Dep. on water 0 % |
- Other licenced discharges ": o Peat 2 % l
I oifiuse Urban i Forestry 3% [l
I septic Tank Systems Arable 15 %
| I P:
- Pasture 74 % [T
B oy ownTs3% [
— ™ Industry 0 % |
[ Deposition on water Agglomerations 3 % .
[ catehments f | | T 1

o 10000 20000 30000 40000

L2 load (kg/yr)

Aws

P Load - Annual Average (0.24 kg/halyr)

Dep. on water 0 % |

Peat 13 % [
Forestry 17 % |
arable 5% [N
Pasture 32 % [T
owwTss% [

Industry 0% |
Agglomerations 28 %
[

T I I I I 1
o 50 100 150 200 250 300

. e 0 ;
ety .@‘.“: e N load (kafyr)

SLAM output example for Suir SLAM output for Ara sub-catchment




SLAM Sub-Models

NCSG T —— VoY )

-

MNor P
Direct Discharges S
ISubcatchments ;I @
CatchID
Subcatchme -
Expression {optional)
Catchment] ='16'
UrbanwWasteWater Data (Dec15)
ILAM_UrbanWasteWaterDedS ;I @
Industrial Discharges (IPPC LAM2)
i |1PPC_Loads_LaM2 =] @
. + ! |S:djo'n4 Ei;éa;ges {DUDTE? IsMai |
a ecticndDischarges_| _IsMain =2 @
Diffuse Nutrient Sources o
- N [ccaz e = (&)
= ., PathwaysCCT_IRL_Pasture_LPIS
y | PathwaysCCT_IRL_Pasture LPTS | @
i | PathwaysCCT_IRL_Arable_LPIS
% PaSture : Arable | PathwaysCCT_IRL_Arable_LPIS =] @
. SANICOSE (March2015_RWE)
- | SepticTankLoads_March2016_RWE Rd| @
AtmosDeposition_Lakes
IAtmosDep_Lakes ;I @
Atmospheric Factors_Location
d&pOSition C:\GISWLoadApporionmentiLAM_ToolBox\Tables\LAM_Factors, xsx) @
Results Out Path
C:\GISVLoadApportionmentiLAM_v2\Catchments\Catch 16_April16 @
\ =% MNameOut
16_Apris -

-

[ OK ] [ Cancel ] [Enuironments... ] [ Show Help == ] i
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