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The model is...

Elements of models are

...with the plausibility check

A simulation is...

“System” encompasses

Types of Models — Diverse!

A conceptual description of systems
behavior

Premises, relationships, conclusions

Conclusions tested for well-known
situations

A mental experiment

A scaled reproduction of a real
system

Physical objects
An experiment in a well-known
environment is performed

A physical measurement given a
boundary condition

Definition of components, interactions, and system boundaries

Razorback Sucker Model

‘Spawning Cue
(ape ey )
nnected by Floods
orres) Flood Recession
Razorback In Channel
(Lo, Toenies A ¥
T Connected by Floods and High Flow PuVszy Tsolated by Low Flows
wghout e
Nor-Native P
Predators 3
Cirrome) &

Creation and

jpstream of
Floodplains

Maintenance
of Gravel Bars

Backwater
Pool Habitat

Built by coupling of functions, rules, and
equations

Mathematical and state variables
Model behavior is analyzed using different
methodologies (stability and sensitivity analyses)

A numerical solution of equations of rules given
initial and boundary conditions

(Jorgensen, 2011, Handbook of eco-models)
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Dynamic biogeochem 30.8
Steady state biogeochem 1.8
Pop. dynamics 24.2
Spatial models 19.9
Structurally dynamic 8.2
IBMs and CA 5.9
ANN and Al 5.4
Fuzzy logic 1.8
Ecotoxicology 2.0
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...Applications and Related Tools
Level of detail Uses of eco-models Other Software
EFMand 1) Statistics Water allocation IHA, HIP/HAT, HEFR, R,
GeoEFM l NEPA assessments ECOMOde”er,
2) Habitat River restoration HEP,. |F!|V|, MesoHABSIm,
l Conservation plans CASIMIR, EDT, HSls, ...
EFMSim
3) Populations ESA consultations LANDIS, SA,LMOD'
EDYS, HexSim, ...
Week in review
Topic: Data/Stats/Time Series Analysis ... Habitat Mapping and Functionality ... Populations
Technology: DSSVue/IHA/EFM and EFM Plotter ... EFM and GeoEFM + RAS and RAS Mapper ... EFMSim
Easy to forget: RPT = Software to help make alternatives ... goal setting and formulation - not analyses

Modeling Sequence

-

These already done for today’s workshop.

Simulation —> Animations of ecosystems...dynamic in time and space

TURF image
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Components (Layouts

& Contonwood - HEC-EFMSim 032320121148 B )
File Edit Settings View Tools Windows Help |

HEE

‘Control Panel 4 | Layoutl-layoutMap =
Layouts Maps Diagnostics Elements

| Output - Message wx|

Opening Project - C:\Workshops\ERMSim\Delta_Smelt\Delta Smelt.pr3
Pzossct Cpaned

Cpaning Frojest - C:\Horkshops\EFMSim\Cottemvood\Cottemwood . pr)
Project Gpened

Components (Data and Variables

#F Cottonwood - HEC-EFMSim 032320121148 [E=EE )
File Edit Settings View Tools Windows Help [
 Control Panel @ # | Data Ingort G EE] [ vata controls X L“;crem Variables X
. jariable Setup =
e Data Control Set: centrod - r
E Name of varisble: depth_today. =
Hame FlePath Attribute Defauit .
® EBevaton C\Workshops EFMSMIData. . - = (CHE-Da, =
Data Spatial Mean ) Spatial Median Statistical Queries )
Spatial Mode @ Centroid IName of data or existing variable: s
Maxinum Minium [F] Owaton of | 0}%+ tme steps
‘Communities Irregulor Data Feature Classes (performed at selected attribute) T R
Hame DatefTme  FiePath Attrbute Spatal Mode Minmum ) Moximum
@ Centrod Sum Mode
Exceptions to Default [] Rate of change per 0} time staps
Rasters ") Average over nterval 3
Scenario Builder | geguiarpata B Instantaneous (crrent compared to startof i
SoatalMode ) Centrod
Hame DatefTme  FiePath Attrbute &= ST
Bl W 5 [ Miiuan -
2 WeE... B ||| Seature Closses (Performed at elctmd atbuse) Absolute value of maxinum change over ter
. 02J8n20110... C:Workshops \EFMSm'D. .. @ =
®  03en20110... C:\workshopsEFMGmD Spattal Mode Sk
@ 0a1n0110... C:\werkshops EFMSD. - Centroid o —— E @
Linked Data
== oetan ) (&) [e)
@& E
DE
B i v E A
 Output - Message on

Opening Project - C:\Works!
Project Opsned

Opening Froject = C: pri
Project Opened

EPisim\Delca_Smelr\Delta_Smels.
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Components (Communities)

o Cottonwood - HEC-EFMSim 032320121148 = C
File Edit Settings View Tools Windows Help
HEE
 Control Pane! @ = |[ Communes ] G (B[ unts Manager = EREE
- Name Level SieVariable  Units Description [ roerarw ] | || [ AddPostint | [ odemproectun |
Cotiomend i t - Commurity Name (Size Variable, Units)
| oate —— Cottonwood (Height, ft)
= Move To Battom
G L
1-" | Apply.
| Logic Define Sze Class % ERIE)E [ Hovement = s EREBE
c Class & Value Community: - Unit: kdometersiday
e =T - e

® dwvenies 1 L0 s
® Adits 2 00 Size Meximun Community Velocity 6
ouAN ‘g 3

Medium that attraction warks through and suitabiites

Regon Map Region Medum Suitabiites

=] B a] =

 Quiput - Message X

Opening Project - C:\Workshops\EFMSim\Delta Smelr\Delta Smelt pr3 =
Project Opened
Opening Preject - C: pr3

Pzeject Opened

Components (Rules...ie, Logic)

g

& Cottonwaod - HEC-EFMSim 032320121148 L= | o]

File Edit Settings View Tools Windows Help

AEE

Control Parel 4 3] ok Recumentruies 1| = u] conmi,. LDISIE) | Gowbiries x| [Oo[o]o]
Rufe Name: [Recuit_Cottomwood - [ii'] U U Ruie Nome: | Grow_Cotiomwood S BEEE
Community: [Cottormasd. - Commurity: | Caltopeod. =
Season:  [05Jan =] w2730 I~ -
Intermal Varisbies Seeding | Juvente | Mature|

 ES— — — | [rm & Jw Name ™
Communikiss DataVerisbles: Feature Clssses | L= [z |~ |Grom_seeding |sszzs0.3
=~ 4

DataVarisbles: Rasters

o st T
wet_yesterdsy deoth yesterdsy = |>  ~|

o
Expression ulder e s

= | @) el [ ]

HeEEY
= e EE
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Components (Simulation)

o Cottonwood - HEC-EFMSim 032320121148

HEE

File_Edit Settings View Tools Windows Help

T

7] Study acea

] Laver_name_GSM_15_3img

on Standard-Cottormood |

Layer Selection an 1! SimCottonwood - AltCottonwood - Sulation Map % |

| Simulations

I3

<

G E [: simulstion we

5 Smuations

5@ smeottmwosd
©, Arcottonmood

: Output
| Message x [mELog x |

Project Opened

| opentag seajucs - c:us

Opening Frojeet = C:\Workshops\EFMSim\Delts Smelt\Delts Smel:. prj

| pze30et openaa

| opening Preject - G\

Br3

. Project Opene

Example - Mississippi River - Layouts

Basic_1000

Demo_Resolution

From_tifs
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Example - Mississippi River - Data

Terrain

2m (4.4GB)

Water surface elevations (WSE)

01Mar2016 to 30Nov2016
275 days
165GB (~0.6GB/day)

2m resolution for Miss River

309M cells

01Apr2016 shown in image
(blue)
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Datalmport X Create Variables %
ErEETIRER Name of variable: Depth
Name Fie Path Time Step: ONE_DAY
[ Elevaton C:\TemplEPM Terrain)..
Statistcal Queries
\Temp EPM v\\ -
Name of data or existig variable:
[ Duration of | 03 time steps Project Structure Refresh
QOMean () Median &[] Study Ares
Trregular Data O Minimum () Masimum
Name Date/Time Fie Pat] Osm  OMode
[Rate of change per | 0[2] time steps
O Average over interval
O Instantaneous (current compared to start of interval)
© Maximum over interval
Regular Data O Minmum over interval
Name Date/Tme e path tobate ormat O Absolute value of maximum change over interval
-0 WSE_2015 grd A| || @ calaator
01Mar2016 0000  C:\Temp\EPM2m AN .. value arid
02Mar2016 0000 C:\Temp\EPM\2m A, .. *value orid Data.current(WSE_20167)-Data. current(Elevation”) 7|8 ~ g Data ControlfLayout): Centroid(Basic_1 t Dats Source: C:\Temp
03Mar20160000  C:\Temp\EPMi2m\All... *value grid
04Mar20160000  C:{Temp\EPM2mAIN,.. *value gid 4 s ( oK Compute % Select New
05Mar2016 0000 C:\Temp\EPM'2m Al .. *value arid v
— - B
Name Description o] [+ =
Project Structure Refiesh
& [ Study drea
Apply = [JBasic_1000
£ [] Centroid
T [ Blevation (Thu Ozt 15 21:58:22 POT 2020)
[ WSE_2016 (Fri Oct 16 04:0: 54 FDT 2020)
.- [] Depth (Fri Oct 16 05:23:14PDT 2020)
2 []Demo_Resolution
Output X - [ centroid
Message X IDELog X Data Controls Compute OUpuUt X Voricble Qutput X T [ Blevation (Fri Oct 16 05:2431 POT 2020)
Snapping data using Data Contzol: Cancroid against Dava Seurce: C:\Temp\ZBM\Am\ALI\WSE (23NGUZOLE 12 06 33 750) .MVSZm.oif - [JWSE_2016 (FriOet 16 12:10:25 POT 2020)
Snapping data using Data Contzol: Centzoid against Data Sousce: C:\Temp\ERM\2m\ALI\WSE (24NOV201€ 12 06 33 750) .MVS2m.tif ++ [] Depth Fri Oct 16 15:37:46 POT 2020)
Snapping dats using Data Contzol: Centzoid agsinst Data Source: C:\Temp\ZEM\2m\ALI\WSZ (2SNOV20LE 12 0 33 750) MVSZm tif O Fom_tfs
Smapping dsta using Data Comerol: Cantreid agsimst Data Sourca: C:\Temp\ZDM\2m\ALI\WSE (26NOU20LE 12 0E 33 750) MVEZm cif O
Snapping data using Data Control: Centroid against Data Scurce: C:\Temp\EDM\2m\A1I\WSE (27NGV20LE 12 0 33 750) MVS2m tif
Snapping data using Data Control: Centroid against Data Source: C:\Temp\EIPM\2m\ALI\WSE (28NOV20LE 12 0€ 33 750) MVSIm tif
Snapping data using Data Control: Centroid against Data Source: C:\Temp\EPM\2m\ALI\WSE (2SNOV20LE 12 0€ 33 750) MVSIm tif
Snapping data using Data Control: Centroid against Data Source: C:\Temp\EPM\2m\ALI\WSE (30NOVZ0LE 1Z 0€ 33 750) MVSZm.tif
Finished Compuring Lavout Dams_Resolution! !
ok Compute Select New
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Communities and Logic (Ecology)

Arrowhead (Sagittaria spp.)
Yellow nutsedge (Cyperus esculentus)
Walter’s millet (Echinochloa walteri)

Nodding smartweed (Polygonum lapathifolium)

**Recruit and grow, 01Apr - 30Sep
**Recruit on newly exposed or shallow (< 3”) areas

Different grow rates
Different max size

**Lost if overtopped

Communities >

Name Level Size Variable  Size Units Description
Arrowhead 0|height fest perennials
Nutsedge 0 |height feet perennials
Millet 0|height fest annuals
Smartweed 0 |height feet annuals

...plus Mallards, Geese, Swans

Define Size Class X

Community Name

= | Arrowhead

s Max
Nutsedge
Millet
Smartweed

[ N —

Size Class Index  Size Class Lower Limit

wroe o

0.25
3.0
375
4.0
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RToheRd - Aowha sl DG 1351 - Sr S X

<

ArTonhesd - ArTowhead_Demo_MVC_SwaMVC_1351- SmustonMap X

X

<

>

<

Top windows: Arrowhead — Recruitment (newly shallow or exposed soil) and growth (constant per size class)

Bottom windows: Arrowhead — Recruitment, growth, and overtopping (stage > size triggers succession)

14
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Simulations

s & 307

‘

Duck Migration - Duck Migration - Simulation Map X |

Waterfowl migrations

15
Workshop
1) Stationary community (cottonwoods) — Recruitment and Growth
wE— g = ;
2) Mobile community (delta smelt)
— Instinctual and Density
3) Community interactions (grass and rabbits)
— Forage and Consumption
16
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Cottonwood - HEC-EFMSim 032320121148

File Edit Settings View Tooks Windows Help

BE8
Layer Selection <@ 8 || SmCottormood - AltCottanwood - Smuation M2 &

} Layers
- (] Anmation Standard-Cd
7] Elements

7] Study ires

] Layer_name_GsM_15 |

: Output
Message x | IDElog x |

Opaning Praject - C:

e z
Project Opened
ey
« il » ~
T — =

Foe £t Seogs view Took Windous Help

2808

=1L

e

qaprg
[ Dol

2121 (=] (3] smen Move_fepon - Mesmet - Semston Mo 3|
r—

1] 21 ] s o, ety - A - Semsaton o, 5|
pe—
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Output % 2
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