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Overview of Species Distribution & State-and-Transition Simulation Modeling

e Qualitative scenario planning has
proven useful in a variety of

Using Scenarios

contexts to Explore e ety e
. i . ] Climate Change: [N =~ I
e Quantitative information often A Handbook

for Practitioners

desired or needed

e Quantitative methods include:
— Species distribution modeling
— Simulation modeling
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Introduction

Monitoring Strategies
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Introduction

 Invasive species control

Map created by Amanda M. West
Advisers: Paul Evangelista, Nick Young, and Catherine Jarnevich
Printed March 25th, 2015 oo

West et al. 2017, International Journal of Applied Earth Observation and Geoinformation B spatet reerence W3 1954 UTH Zone 13N
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Introduction

 Risk assessment

Predicted Predicted habitat Potential

Incursion events suitability establishment area
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Vall-llosera et al. 2017, Biological invasions
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Overview of Species Distribution & State-and-Transition Simulation Modeling
Species Distribution Models

Numerical relationships with the environment define where a species may be
found

Do:

Identify areas with environmental conditions similar to where a species occurs
Do not:

necessarily identify where a species actually is

&
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Species Distribution Models

* Process — mechanism; physiological < Correlation — pattern; based on
constraints current locations
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Species Distribution Models

 Where iIs it now?
— mapping

West et al. 2016, JoVE
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e Where might it be?
— potential

[ tnsuitable
I suitable

0 250 900 Kllometers
L1 |

Jarnevich et al. 2011, Western North American Naturalist
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Species Distribution Models

Point k. Predictor
locations - variables

w

Suitability = f(Distance to water, mean temperature of warmest quarter,
Precipitation of wettest month, etc.)

Model algorithm

Map of [Cunsuitable " o
suitability [ Suitable &
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Species Distribution Models

Geographical space Environmental space
y : e2
<
X el

+ Observed species occurrence record
Actual distribution (left panel}/Occupied niche (right panel)
O Potential distribution (left panel)/Fundamental niche (right panel)

Pearson, R.G. 2007. Species’ Distribution Modeling for Conservation Educators and Practitioners. Synthesis. American Museum of Natural History. Available at http://ncep.amnh.org.
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Overview of Species Distribution & State-and-Transition Simulation Modeling
Species Distribution Models

Geographical space Geographical space

| @< | &

+ Observed species occurrence record

. » Actual distribution (upper panelﬁ]fﬂccupied niche (lower panel)
Environmental space O Potential distribution (upper panels)/Fundamental niche (lower panel)

Species distribution model fitted to observed occurrence records

e2

el

Pearson, R.G. 2007. Species’ Distribution Modeling for Conservation Educators and Practitioners. Synthesis. American Museum of Natural History. Available at http://ncep.amnh.org.
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Overview of Species Distribution & State-and-Transition Simulation Modeling
Species Distribution Models

Realized range

Invadable area

Movement

Soberon and Peterson 2005, Biodiversity Informatics
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Species Distribution Models

e Assessment e Caveats

Un-survevlgd—

Arctic species in tropics

# Species

B
( Bio-
1 Control
Wy Species

Jarnevich et al. 2015, Ecological informatics
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Overview of Species Distribution & State-and-Transition Simulation Modeling

VisTralls: SAHM software
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Morisette et al. 2013, Ecography
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This is the 'basic’ S&HM workflow that

mosk other workfows are derived From,

Quickstark:

Click the Execute button to begin
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Overview of Species Distribution & State-and-Transition Simulation Modeling

VisTralls: SAHM software
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Morisette et al. 2013, Ecography
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Modeling routines

*
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Overview of Species Distribution & State-and-Transition Simulation Modeling
VisTrails: SAHM software

 Freely available software
Emgmp]w 360 (D1-007, 2013
dods 10,111 1/j.1600-0587.2012.078] 5.x
L} The Authors, Ecopma ordic Socie ikcs
e Google group: v e prosear koo
https://groups.qgoogle.com/forum/?fro
= i i VisTrails SAHM: visualization and workflow management for
mgroups=#!forum/vistrails-sahm alls SA! Nz anag
species habitat modeling
e Ecography paper
Jefirey T. Morisette, Catherine 5. Jarnevich, Tracy R. Holcombe, Colin B. Talbert, Drew Ignizio,
, . . Marian K. Talbert, Claudio Silva, David Koop, Alan Swanson and Nicholas E. Young
b U Se r S g u I d e an d tu to rl aI _f T Morisate fnm'imfﬂ__f@vsg.guq,!. e Geml:p_gfmul'.gwm Noreh Cerntral Climatre Seiemece Cemten 21 50 Cevatre D, .Fwﬂ"__allullfm_. 0 80528,
USA, —C. & Jarnevich, T B Holcombe and C. B, Talkers, U5 Gm.l'ugk'd.l' Survey, Fore Colling Sciemce Center, 2150 Cenere Din, Fort Collin,
0 852s US4 — D fgm"z.!'u dnd M. K Tﬂ.l'&ew:. Cherokes Services Gmujn_. LLE, Contrdctor to DOT-ULS, Gﬂmllnogu'mul' Su'.lu:u. 2150 Cemere
- - - 1 " ms, X , — 1, Silog amd 1. , i Jns WNew York Unin, Siw Metre Tock Centen, Brooklyn, NY A
e Training materi als DA i S 144 Brrlon . Adieesis M1 900 G N Yooy Mo R Bl 12, ol e
Fory Collines, CO 80523, US4
https://my.usgs.gov/catalog/RAM/SA

The Software For Assisted Habitat Modeling (SAHM) has been created to batch -e:F-ed.Ine habitat ntn:d.glingan.d J'u=||_:| maintain
H IVI a record of the various imput data, pre- a.nTp-c-sn— Tocessing steps and rnc-dellng options ir.rn:-rpc-r.'u:ed in. the construction of

a species distribution model th n:n.% the c::abllﬂf&d workﬁow [ana nt and visualization VisTrails safoware, This paper
I Fm:vln:les an overview of the VisTrails:SAHM sofware in.dudinga. link: to the Open souToe code, a table detaili ng the current

SAHM medules, and a slmch -:urnplc nu:d.din.g an imvasive weed species in Ro-:h.y Mountain Mational Padk, TSA.
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Overview of Species Distribution & State-and-Transition Simulation Modeling
Species distribution modeling conclusions

e No universally correct way!

 Methodology adapted to
— Ecological and biogeographical situation
— Meet study goals
— Avallable data

 VisTrails: SAHM is one software option

8 '\‘
2 N
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Overview of Species Distribution & State-and-Transition Simulation Modeling
Species Distribution Modeling

« Correlative models of abiotic variables & species occurrence

« Common tool for estimating species response to climate

« Does not project species distributions, models project suitable climates
e Does not account for disturbances, competition, or management

RCP 4.5

RCP 8.5

2040 2070 2099

Image: Chang, T., Hansen, A.J. and, N., 2014. Patterns and variability of projected bioclimatic habitat for Pinus albicaulis in the Greater Yellowstone Area. PloS one, 9(11), p.e111669.
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Simulation Models

 Computer-based prototype of real world . e e

ZUSGS @
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= SimCity Controls T | Cl| [=_ SimCity Editor on Kowloon | = | 1] ||| SimCity Ecitor ars Kewioon | = | ]|

SimGity Options Disasters Time Priorily Windows Display Options Explosion detected ! Display Options| Explosion detected !

Score 754, metropolis population 154360.
Inadequate rail system.
A 3

<) Sez==sx | Do you support the plan to
1% | build a Stadium for $5,0007

| e
253 Support plan! I
"

https://commoi

2curid=46842817
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Simulation Models

 Computer-based prototype of real world
e Many kinds of simulation models:

— Climate

— Population

— Biogeochemistry

— Dynamic Global Vegetation Models
— Agent-Based Models

— State-and-Transition Simulation Models
— Etc...

Images: B. W. Miller

ZUSGS @
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Overview of Species Distribution & State-and-Transition Simulation Modeling

Simulation Models

e Why Simulations? e What can’t they do?
— Integrate data — Create scenarios
— ldentify data gaps and influential — Capture everything
uncertainties — Statistical analysis
— Reproduce complexity — Give you the answer
e Thresholds, secondary effects,
emergence

— Understand processes
— Explore “what if...?” scenarios

8 '\‘
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

e States: any suite of vegetation communities

e Transitions: process (natural or management) that can move vegetation

between states

I

Saltbush
daominant

T
T3

EEE—

DR

r
|

I II seediings or

soll seed of
saltbush,
adults dead

r]]:[ Dominance of

Danthonia
caespliosa
and/or short-lived
chenopods

Source: Westoby et al. (1989)

Westoby, M., Walker, B. and Noy-Meir, I., 1989. Opportunistic management for rangelands not at equilibrium. Journal of range management, pp.266-274.

ZUSGS

science for a changing world

e

Applied Remote Sensing Training Program

28



Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

e Stochastic simulation models

Area by State Class

N

Disturbed Shrub  Forest

* Run using software

e Can be spatially explicit
e Model Inputs:

— Transition probabilities and/or targets
— Area in each state today

e Model Outputs:
— Area In each state over time
— Area transitioned over time

Fire (P=0.01/yr)
Succession -
(Deterministic)

Reclamation
(? ha/yr)

Construction

(? ha/yr) Construction

(? ha/yr)

« = Predict vegetation dynamics \
(w/uncertainty) P |

Slide credit: modified from L. Frid
Disturbed Shrub  Forest
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

State Classes: Landscape t=0
Deciduous €21 €22 €21 €23
E Mixedwood M14 €21 €26 €27
Coniferous M11M12 C22 C26 C28
.M:LTMIE M18 C29

M15 M1EM13 M17T M19 €32 C33

M17 M17 l'u'IlS. €20 €29 ca1

. M19M18 C22 C22 CI8

...Add ages
M17 M17 M16 M15 C21 CZ20

Daniel et al 2016.
Methods Ecol Evol

Image: L. Frid

Daniel, C. J., Frid, L., Sleeter, B. M. and Fortin, M.-J. (2016), State-and-transition simulation models: a framework for forecasting landscape change. Methods Ecol Evol, 7: 1413-1423.

a USGS
e Applied Remote Sensing Training Program

science for a changing world



Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

State Classes: Landscape t=0

Deciduous 4
Mixedwood ; :
Coniferous I R p—

Transition Types:

=» S — Succession 2 3 “
> F - Fire “ F g ||H

=>» H — Harvest

Daniel et al 2016.
Methods Ecol Evol

Image: L. Frid
Daniel, C. J., Frid, L., Sleeter, B. M. and Fortin, M.-J. (2016), State-and-transition simulation models: a framework for forecasting landscape change. Methods Ecol Evol, 7: 1413-1423.
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

State Classes: Landscape t=0

Deciduous 4
Mixedwood ; :
Coniferous I R p—

Transition Types:

=» S — Succession 2 3 “
> F - Fire IT F g ||H

- H - Harvest
” State Class
. o — ——
D
Age
D — Daniel et al 2016.
L]
0 10 0 10 a0 Methods Ecol Evol
Timestep

Image: L. Frid
Daniel, C. J., Frid, L., Sleeter, B. M. and Fortin, M.-J. (2016), State-and-transition simulation models: a framework for forecasting landscape change. Methods Ecol Evol, 7: 1413-1423.
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State-and-Transition Simulation Models

State Classes: Landscape t=0 Landscape t=40

Deciduous 1
Mixedwood : :
Coniferous E) = s

Transition Types:
=» S — Succession 2, N -
=> F — Fire AIT F . I|H
-» H - Harvest
c State Class
e — e
-=» Can vary over D
space & time
Age
i — e Y — Daniel et al 2016.
i o 10 20 0 a0 Methods Ecol Evol
Timestep

Image: L. Frid
Daniel, C. J., Frid, L., Sleeter, B. M. and Fortin, M.-J. (2016), State-and-transition simulation models: a framework for forecasting landscape change. Methods Ecol Evol, 7: 1413-1423.
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

Image: L. Frid

Landscape t=0

Landscape t=40

. €21 €22 ©22 €23 | c2a (elElldleT ]
i ? Realization 2
Mixedwoo Mi14 €21 €26 €27 Pl P to e B (€ €45 M11M11M12 €22 ...
Coniferous
M11M12 €22 C26 C2E C4Z C48 C48 M17 C21 €22 . M11
.Mnms M18 C29 cal ca3 €24 €24 C25 M3

M19M12M13 M17 M19 €32 C33

M17M17 Mls. C20 €29 ca1

.Mlﬂl M18 C22 C22 C28

M17 M17 M16 M15 C21 C20

- Monte Carlo simulations provide
uncertainty estimates in forecasts

C41 ca1 C30 C31 .-

C C23 24 .Mii. M18
C

N €23 €23 C22 C43 M13 M14 M13 M17

"
M M12MI12 C20 C23 .. M15 M16

Y
M11. €21 C21 C22 €33 C34 C33

Area in Year 40
M C

Daniel et al 2016.
Methods Ecol Evol

Daniel, C. J., Frid, L., Sleeter, B. M. and Fortin, M.-J. (2016), State-and-transition simulation models: a framework for forecasting landscape change. Methods Ecol Evol, 7: 1413-1423.
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

. OptIOnal Model Features No spatial autocorrelation With spatial autocorrelation
. _ M5 M4 M4 L21 L22 M5 M4 M4 121 L22
— Spatial autocorrelation (e.g., ms Mg Ma 121 7 e v I

clustering) =:Mu 22
M7 ME M8

M3 M3 ME M4 M9 L32

M8

M3 M9 M8 M7 M9 L3z

M? M7 M8 M9 L20 L29 M7 M7 M8 M9 L20 L29
22

. M20M18 L22 L

M17 M17 M16 M15 L21

L22

M17 M17 M16 M15 L21

Succession Fire Harvest

Peeit =1 = spatially-explicit external model

Image: L. Frid
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

e Optional Model Features
— Spatial autocorrelation (e.g., clustering)

— Spatial and/or temporal variability In
transitions (e.g., jurisdictions, fire)

Image: L. Frid

a USGS
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Overview of Species Distribution & State-and-Transition Simulation

Modeling
State-and-Transition Simulation Models

e Optional Model Features

— Spatial autocorrelation (e.g.,
clustering)

— Spatial and/or temporal variability In
transitions (e.g., jurisdictions, fire)

— Management targets (e.g., exotic
species inventory and treatment)

Image: L. Frid

 USGS
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State-and-Transition Simulation Models

MidOose — Late-Cose
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Overview of Species Distribution & State-and-Transition Simulation Modeling
State-and-Transition Simulation Models

B R WEP =
Progaguie Earty -Oose
43 50 - 129 130 - 350
WES =
Cosa-L -
1-129
WER -
-Opan oa-Cpan
125 130+
B wee wWap
= #-Opa Deas Mg
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Overview of Species Distribution & State-and-Transition Simulation Modeling

State-and-Transition Simulation Models

WBP WBP

Propagule Seedling

Spatial Multiplier = Habitat Suitability

Miller, BW, L Frid, T Chang, N Piekielek, AJ Hansen, JT Morisette. 2015. Combining state-and-transition simulations and species distribution models to anticipate the effects of climate change.
AIMS Environmental Science 2(2):400-426.
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State-and-Transition Simulation Models

WBP WBP

Propagule Seedling

L

Spatial Multiplier = Habitm

RCP 4.5

RCP &5

Miller, BW, L Frid, T Chang, N Piekielek, AJ Hansen, JT Morisette. 2015. Combining state-and-transition simulations and species distribution models to anticipate the effects of climate change.
AIMS Environmental Science 2(2):400-426.
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State-and-Transition Simulation Models

650,000

500,000

[533 Cures Proctics - The Jusgle

Area of WBP (Hectares)

350,000

200,000

%] vl
] 1) F
< S A

o & S &
2 o § YV
» N o >

—Mo Climate Change ——CNRM-CM5; RCP4.5 CNRM-CM5; RCP8.5 ——HadGEM2-A0; RCPE.5 HadGEM2-A0; RCP4.5

Miller, BW, L Frid, T Chang, N Piekielek, AJ Hansen, JT Morisette. 2015. Combining state-and-transition simulations and species distribution models to anticipate the effects of climate change.
AIMS Environmental Science 2(2):400-426.
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Overview of Species Distribution & State-and-Transition Simulation Modeling
ST-Sim Software

e e . - WS -

File Edit View Model Window Help

M & d : > |2

* Free software for building and

running STSMs: www.apexrms.com (= | s i
" . . = |_-j ST-Sim-Sample-V2-1-0 5 Variables =
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Overview of Species Distribution & State-and-Transition Simulation Modeling
ST-Sim Software

e Video Tutorials

e “SyncroSim” -> “Getting Started”

e http://syncrosim.com/index.php?title=
Getting Started
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Overview of Species Distribution & State-and-Transition Simulation Modeling
ST-Sim Software

Home Services People es - Contact

State-and-Transition Simulation Models (STSMs) - Questions and Answers

Search Criveria:

2016

Costanza, J. K., Abt, R. C., McKemow, A. J.. & Collaze, J. A. 2016. Bicenergy produchion and forest landscape change in the
southeastern Unfied States & GCB Bioensrgy. dol 10 1111/gebb 12385

Images: L. Frid
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Overview of Species Distribution & State-and-Transition Simulation Modeling
Conclusions

o State-and-Transition Simulation Models (STSMs)
— Integrate existing knowledge
— ldentify data gaps & research priorities
— Explore “what if” climate & management scenarios

e Simulations can leverage the strengths of other methods (e.g. species
distribution modeling)
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