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OVERVIEW

Over the last four years, EMRRP has funded an
effort to improve ecological modeling across the
USACE

Work has been focused on two main topics:
Building expertise and developing good-practice
ecological model development for restoration planning

Tools for rapid model development and application
This presentation will cover some of the

tools/approaches we’ve developed during this
project.

) g

A \¥ o, L
R e TR W Ay g T
ad ?—i&‘;‘&“‘§‘§ }




INDEX-BASED MODELS

 Used a lot in restoration planning

« These models are designed to correlate species distribution to physical/environmental factors

» General quantitative approach: develop correlations on a 0 to 1 scale for a environmental parameter and
species “viability” with 0 being terrible for the species and 1 being perfect

« Can be based on data, expert opinion or both

» Can be developed rapidly

» Blue book models (all certified)

» For many projects, new models need to be developed to answer USACE-specific questions or for new
habitats not covered under existing models




INDEX MODELS ARE GREAT TOOLS FOR, BENEFIT

ANALYSIS, SCENARIO ANALYSIS AND DECISION-
MAKING
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HABITAT MODELS IN PRACTICE

HSI BLUEGILL MODEL WORKSHEET INSTRUCTIONS:
Riverine 1. Please Choose Riverine or Lacustrine from the box at left

Ad hoc spreadsheet models for:

Enter Condition: FWOP (216 acres) _Enter Year: 0 L]
Variable _ Habitat Description DATA HSI  Comments ° a S I n g I e taxa
V1 R % Pool Area 53.4% 0.89
V2 Rand L % Cover (logs & brush) 10.9% 0.64 .
V3 Rand L % Cover (vegetation) 14.3% 0.95 ) O n e I O Catl O n
V4 L % Littoral Area
3 L Avg. Total Dissolved Solids (TDS) (in ppm) . .
o T— T — — » one restoration alternative
v7 Rand L pH Range A 1.00
v8 Rand L Min. Dissolved Oxygen (DO) - Summer A 1.00
vo Rand L salinity (ppt) 1 nf H H H
ViR ot hawe vt T G e onhe pomt in time
Vi1 Rand L Avg. Water Temp. (Spawning) (C) 224 1.00
V12 Rand L Max. Early Summer Temp. (Fry) (C) 2.2 094
Vi3 Rand L Max. Midsummer Temp. (Juvenile) (C) 298 0.99 —
via R Avg. Current Velocity (cm/s) 5.01 1.00
V15 R Avg. Current Velocity (Spawning) (cm/s) 559 1.00
V16 R Avg. Current Velocity (Fry) (cm/s) 5.59 0.61 N O P RO B L E M '
V17 R Avg. Current Velocity (Juvenile) (cm/s) 6.8 0.79 L
vig R Stream Gradient (m/km) 0.1 1.00
V19 L Reservoir Drawdown during spawning (m)
V20 Rand L Substrate Composition B 0.70
Food (Cf) M 0.81
Cover (Cc) M 0.79
Water Quality (Cwa) 3 0.87
Reproduction (Cr) 7 0.89
Other (Cot) 3 090 .
* Ad hoc spreadsheet models for
'WITH WINTER HSI MODIFICATIONS "
Variable Description .
Va Rand L % of Backwater > 4 Feet in Depth 0.9% 0.21 ) a S I n I e taxa
Vb Rand L Min. Dissolved Oxygen (DO) - Winter B 0.70
Ve Rand L Water Temperature (C) 14 057 .
vd Rand L Current Velocity (cm/s) 3 14 0.24 ° O n e I O Catl O n
Winter Cover (Cw-c) 0.21
Winter Water Quality (Cw-wg) ) 0.66
Winter Other (Cw-ot) 3 0.24

- * multiple restoration alternatives
' « multiple points in time

—
WELL...




COLLABORATIVE MODEL DEVELOPMENT

* Model development, application, and certification can overwhelm project teams

« Coupling ERDC tech and District expertise reduces model development time
while introducing new tech

« Developed a short course (1.5 days) to work through models
« USACE and agency partners can attend
» Series of lectures and labs on good modeling practice in USACE
* Hands-on, problem-specific curriculum for a district to work through from concept to application
* Model development is interactive and in real-time
» Create index models within the workshop to be used for project development
» Best of both worlds



COLLABORATIVE MODEL DEVELOPMENT

Collaborative modeling streamlines
project life cycle by:

1.

being a natural mechanism to
facilitate interagency interactions
and buy-in,

providing a framework for
documentation and transparency,
reducing risk by providing more
details upon which to base
decisions, and

introducing emerging ERDC tools
and models for project planning
and operations while introducing
ERDC to district needs and issues

-----

Ecclogical Disturbance




TOOLKIT FOR INTERACTIVE MODELING (TAM)

Facilitated modeling develops model in real time (certified for national use)

Increases transparency by demystifying modeling
Catalyzes PDT, so they can focus on integrating relevant input data and models

 Increases critical thinking
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Carrillo C.C., McKay S.K., and Swannack T. Forthcoming. Ecological model development: Toolkit for interActive Modeling (TAM). ERDC TR-EMRRP.



TOOLKIT FOR INTERACTIVE MODELING (TAM)

Temperature

B C E F G H
ENTER DATA INTO HIGHLIGHTED CELLS
Temperature Index Value (Y) Values Intercept Slope Equation
0 0.000 0-5 0.00 0.0667 Y=0+ (0.0667 * Temperature)
5 1.000 5-15 1.00 0.0000 Y=1+ (0 * Temperature)
15 1.000 15-18 2.80 -0.1000 Y=2.8+ (-0.1 * Temperature)
18 0.800 18 -20 2.13 -0.0667 Y=2.13 + (-0.0667 * Temperature)
20 0.6 20-23 5.19 -0.1997 Y=5.19 + (-0.1997 * Temperature)
23 0.001 23-26 0.03 -0.0010 Y=0.03 + (-0.001 * Temperature)
26 0.00001 26 -27
27
1.200
1.000 » * .
£ oa00 S Auto-documenting!
£ 0.600 ®
T 0.400
0.200
0.000 & ——
0 5 10 15 20 25 30
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BIGGEST CHALLENGE IN MODEL DEVELOPMENT
The Math
Modeling is viewed as a complex task that can only be completed by engineers &
mathematicians. Index based models are great tools to overcome that issue.
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ECOREST R PACKAGE: HABITAT DATA
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pl.area.avg.summer.flow.pct pl.area.avg.summer.flow.SIV cov.pls.litt.area.summerpct cov.pls.litt.area.summerSIV cov.ag.veg.pct cov.aq.veg.SIV

« Compiled 100+ habitat : :

suitability models from » l
USFWS (with 500+ “ v
sub-models) “ ,

« All models and e
metadata loaded into e
the package

 (Generic data structure s e
for user-defined models

0 0.2
20 1.0
60 1.0
100 0.2
NA NA
NA NA
NA NA
species geography ecosystem documentation note
Lepomis Wherever  Fish Stuber, RJ, G
machrochirus bluegills Passage, Gebhart and
oceur in Fresh OE Maughan.
North Wetland, 1982. Habitat
America Lake, Suitability Index
Large Models:
River, Bluegill.
Stream USFWS Report
FWS/0BS-
82/10.8. 26pp.
Lepomis Wherever  Fish Stuber, RJ, G drop SVI19 in natural
machrochirus bluegills Passage, Gebhart and lake
oceur in Fresh OE Maughan.
North Wetland, 1982. Habitat
America Lake, Suitability Index
Large Models:
River, Bluegill.
Stream USFWS Report
FWS/OBS-

82/10.8. 26pp.

0 0
1
1
0
NA
NA NA
NA

HSl.equation

ifelse (CWQ | CR <=0.4,
min(CF, CC, CWQ, CR),
(CFCC(CWQA2) CR)A1/5))

ifelse (GWQ | CR <=0.4,
min(CF, CC, CWQ, CR),
(CFCC(CWQA2) CR)A(1/5)

McKay S.K. and Hernandez-Abrams D.D. Forthcoming. ecorest: An R Package for conducting analyses to inform restoration decision making. R Vignette.



Key Functions:

View habitat suitability index curves

Compute suitability relative to
multiple variables

Compute overall patch quality by

comblnlng variables via:
USFWS equations
Arithmetic mean
Weighted arithmetic mean
Geometric mean
Minimum

Compute habitat units
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No R? No Problem!

Geospatial Toolbox

+ An ArcGIS-based, python toolbox developed to create parameter suitability indices such as elevation, salinity, and
slope based on species/habitat relationship and integrate multiple ecosystem parameter indices into a single raster
layer representing relative environmental habitat suitability.

- O HabiatSiaity Incices Tool Development: oleulore
it i AN = Raster/vector parameter input HSI
» Predefined HSI curves (R-based index
model)
= Habitat Suitability Index Calculator
p—— | w— = Arithmetic mean
e : = Geometric mean
S —————— = Weighted mean
B —". = Minimum limiting factor )
Multiple Parameter — e f R
Suitability Indices o et

AR




Habitat Suitability Index

ArcToolbox B x

ArcToolbox
@ B3 3D Analyst Tools
[E) @ Analysis Tools
@ B9 Cartography Tools
3l @ Conversion Tools
Data Interoperahility Tools

F\\.

3]

Data Management Tools
Editing Tools

Geocoding Tools
Geostatistical Analyst Tools
Habitat Suitability Indices
5 Hsl Caleulator

& Suitability Calculator

OEEBEBH

Linear Referencing Tools
Multidimension Tools

= @
S
-]
1 @
]
= 5
S
S
a Metwork Analyst Tools
1 @
S
S
| E)
1 B
&
S

BEE

Parcel Fabric Tools

E‘l

Schematics Tools

Server Tools

Space Time Pattern Mining Tools
Spatial Analyst Tools

Spatial Statistics Tools

Tracking Analyst Tools

EEEEEE

Geospatial Toolbox

£ Habitat Suitability Indices
E" HSI Calculator
=" Suitability Calculator

Tool Requirements:
ArcGIS 10.x

Spatial Analyst Extension
Python 2.7

16
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Habitat Suitability Index
Suitability Calculator Tool Inputs

“+Area of interest pOIygon -] € Habitat Suitability Indices
“»Parameter raster (ie. elevation, land cover) § Hl Calculator

#CSV file of habitat suitability 3 suitabilty Calulator

Parameter 5|
1
Elevation {m} § ui a
- ah - 017E : .
P e ] B I L
fo .-
;N &1 £ m
B matian fimid
) ¢ o £ E 6 -
| PriMame elevvalue elev.s! treehghtval treehght.si landcoverval landeoversl comments
2 Chio a 1 516 1 WATER 1 source: Smith et al 2016
Land Gover 3 Chio EH 0.9 5.1 0.95 FORESTED 0,73 NA
B e 4_Chio 63 0.8 16.5 .85 GRASS 0.5 NA
] Lakes 5 Chio 171 0.51 12.2 055 A 0.25 field tested
ERASEAND 6 Ohio .4 0.8 812 0,265 LIRBAN 0/ NA
B Fores— 7 Ohis 0.1 .15 6.2 041 source: Inhn and Kindle 2018
Il cesLoren £ Ohie 15 i} NA
I romarurs (0




Habitat Suitability Index
Suitability Calculator Tool —

T

Salect Uper Workapace Folder for Shoring Cutput Fles

| EROC Wiorkspece|Projects\20 18 cotode s 5L WodeiOutput )
Qutput Progect Name
[ rbieshlecs |
Irput Locason of Int=rest (== 5 palygon)

|Stuiyv'-'u=u ﬂ e
] Dt ta Clegerical e land uae, apasies clas) [optional)

Tnput Raster Parameter Data

Ciata Table for eManmng Diets Renges to HE31 vebues for Parameter o]
,E:'Elnl:_viurb;pace'lfrnrm'.il:]E'Ec:idudrs'ﬁ?rmﬂuamhh:'ﬁimﬂﬂ.mu .'-_'5.
Solect the fieid cortaining the parameter categorized wakie (eptnnad)

__ Sejact the fisid contaning the parameter value (opsona
| el bz |

elev, value

treehght.val
treehght.si
landcover.si

GMF!MS[REW o M.
| E:ERDC_Vinrkspacepr Uﬂl:ﬁ.xlsﬁcohuduswm:mlput&w_p F._.i

Envdronments. . < Hidde: Heip

D e i o — fl
Selert the field contaning the parameter value (optonal]
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Numerical Input

Select User Workspace

S Geet T RHEWifilSS

@E@mlt&g@&tput

Hﬁ @%@ IV %? &%’@ngase

Int raster

th Elevation 51
High -1

pl = Lo D A51154

O G kLR TR UEETgnL YAl FEEDENLS)
| Sala :l l 41..- 1

ym the

! |cmin

S leet the Iecatr@n for»Parameter Si

tpyut storgge ca “, “""f
FL'eGFbrmats (ESRI Gtid is 8efault)



Habitat Suitability Index

Suitability Calculator Tool Numerical Output

' Parameter 5l
i L
Elev::ir:srl(‘n:) ') Elevation Sl
= Low : 2456 ‘ . s
' " ' Low : 0.431154
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Habitat Suitability Index

Suitability Calculator Tool — Categorical Input

[ _f Sutanility Caloulstar

Seect User Winrkespaos Folder for Shoring Culput Pies
Er\ENDC_Worksnare Projects |20 19 Eonsodel HE T Mads Dusut | E.|

Dutput Fraject Mame
Thamabcines

Tnput Location of Interest (as a palygon)

[Eme= =l @l Select checkbox if parameter
T el r96leEisHERMAE Faster such as

Irput Raster Parame ter Daks

EHERCC oremase Proects 20 Ecoodak 5[ et lrcove = @n@.@adé;ovg é/[gggtatmtype

e . SRl .

Select the fiskd containing She sufablity index value (0.0 - £.0] bo which each range shauld be sapped
landcover.s

Sziect nput parameter value to match to o ML teble walie {opsonal

Parametsr Valus CEY Vae '
AGRICULTURE [ o (x| pull domMm&h&CSV Value
L landcaverval landeover.si
RrESTeD [#] — B4 B! matched parameters
LIRBAN [HE . .
WATER y 2 -
Land¢awe

< 2 3l
Er\ERDC_Workspare Protects |20 15 Eonsode s iMadel vt \LardC ST | = |
= o
EB
|

oK Carcel | Enviooments.,. | | ccHide Help
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INTERACTIVE MODEL SELECTION TOOL

A
Model Selection Flowchart m
Double clicking on a f ST e s
Y [ v ol " Developi
— detatled information ::T;:I:‘k::‘ What model outputs are eve o p I n g a n

required for the proposed

=R Fetimre interactive flow chart

to guide through model
selection for existing
models or new models

v
v
I System Boundaries I

v
" System
Model Selection I Relationships I
e
¥ Is collaboration with modelers
possible?
Model Assumptions
To

v
I Model Structure I
v
-I Data Availability I

Assess the skill set of the team.
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FUTURE DIRECTIONS

Implementing ERDC technology and models across USACE
The field of modeling has come a long way, ERDC is actively moving
the needle, but there's more to be done

Developing new tools

— Multi-platform TAM

— Model selection tool

— Interactive spatial toolkits

— Refining integrated modeling packages
— Guidance for good modeling practices
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POTENTIALLY USEFUL RESOURCES

+ McKay S.K,, Richards N., and Swannack T. 2019. Aligning ecological model development with restoration project planning. ERDC EMRRP-
SR-89. U.S. Army Engineer Research and Development Center, Vicksburg, Mississippi.
«  Toolkit for interActive Modeling (TAM), Certified for National Use.

ERDC Technical Note — Ecological model development: Toolkit for interActive Modeling (Forthcoming)

« Habitat Suitability Modeling Tools

Library of 500+ USFWS Habitat Suitability Models

EcoRest R package + Vignette / User Manual (Spring 2020)
EcoRest Shiny App (Summer 2020)

ArcGIS Toolbox + User Manual

* Best Practices in Model Development:

Herman B., McKay S.K., Altman S., Richards N.S., Reif M., Piercy C.D., and Swannack T.M. 2019. Unpacking the black box:
Demystifying ecological models through interactive workshops and hands-on learning. Frontiers in Environmental Science, 7, 122.
McKay S.K., Kohtio D.M., Scarpa C.A., Tommaso D.M., Weppler P.M., and Baron L.A. 2020. Incorporating multiple lines of evidence in
urban stream restoration decision-making. Submitted to Journal of the American Water Resources Association.

Book Chapter — Encyclopedia of Ecology — Systems ecology

Book Chapter — Encyclopedia of Ecology — Model Types: Overview

Book Chapter — Encyclopedia of Ecology — Visualization as a tool for ecological analysis

ERDC Technical Note — Evaluation of system quality (Summer 2020)

ERDC Technical Note — Best practices for coding ecological models (Summer 2020)

ERDC Technical Note — Model application using scenario analysis (Spring 2020)

ERDC Technical Note — Conceptual modeling for large-scale regional projects (Spring 2020)

*  Webinars: Models and SMART Planning (Proctor Creek), environmental flow modeling (Minnesota River), Incorporating secondary objectives
to restoration planning (Hudson-Raritan Estuary), Data visualization,...

+ Conferences: Ecological Society of America, Society for Freshwater Science, Symposium on Urban Stream Ecology

» Video series on key aspects of the model development process (Summer 2020)

* Facilitated modeling workshops: East San Pedro Bay, Cypress Valley, New York Bight, Swan Island, San Francisco Bay



