




MaxEnt

• MaxEnt (Phillips et al. 2006) short for Maximum Entropy 
modeling is a relatively common Presence Only (PO) tool used 
for predicting the potential distribution of a species based on a 
set of records and environmental predictors

• Fairly easy to use, performs well, free

• Perfect?

• Requires georeferenced species presence locations



WSDA Data Collection Tools

• iForm/Collector

• iPhones/iPads

• Licensing

• Data plan

• Technical support

• Collector licenses

• AGOL licenses



• Adams County NWCB
• Asotin County NWCB
• Benton County NWCB
• Chelan County NWCB
• Clallam County NWCB
• Columbia County NWCB
• Douglas County NW Task Force
• Franklin County NWCB
• Grant County NWCB
• Grays Harbor County NWCB
• Island County NWCB
• Klickitat County NWCB
• Lewis County NWCB
• Lincoln County NWCB
• Mason County NWCB
• Okanogan County NWCB
• Pacific County NWCB
• Pend Oreille NWCB
• San Juan County NWCB
• Skagit County NWCB
• Skamania County NWCB
• Snohomish Count NWCB
• Whatcom County NWCB
• Whitman County NWCB
• Yakima County NWCB
• Washington State University IWCP
• WDFW Spartina Program
• WDNR Spartina Program
• WSNWCB
• WSDA Pest Program – Noxious Weeds, 

Gypsy Moth, Apple Maggot, 
Plant Pathology

• WSDA F&V and Seed Programs

WSDA Cooperators



Other Sources of Data

• County, state and federal agencies, tribes, NGO’s, farmers and 
ranchers, private citizens

• Washington Invasive Species Council App

• EDDMapS

• Pacific Northwest Invasive Plant Council, Citizen Scientist App

• Herbarium records and museum specimens - often not 
georeferenced.  



Model Input



MaxEnt Interface



Model Input



Input and Visualization

MaxEnt 
Software



Model Output



Expansion Modeling
(Current vs. Future Cost)

• Toutle River 
Watershed 

• Current 
knotweed 
locations vs. 
predicted

• Current cost of 
control to WSDA 
$3,400, 
compared to 
$150,000 in the 
future



Scotch Broom Distribution



Public Noxious Weed Data Viewer



Economic Impact of Selected Invasive Species
Direct Costs Estimates and Economic Impacts for Washington State



Economic Impacts of Invasive Species

• Environmental and Economic Costs of 
Nonindigenous Species in the United 
States, Pimentel et al. (2000, 2005)

• Oregon Noxious Weed Strategic Plan & 
Economic Analysis, ODA (2000)

• Economic Impact from Selected Noxious 
Weeds in Oregon, ODA (2014)



Washington State Report

While there are more than 200 known invasive species 
found in or near Washington state, the economic analysis 
highlights the damages and potential impacts that could 
result if 23 of these species were allowed to spread in 
Washington in a single year without prevention or control 
measures…

Without prevention and control, the selected invasive 
species could cost Washington $1.3 billion annually.

Economic Impacts of Invasive Species: Direct Cost 
Estimates and Economic Impacts for Washington State. A 
report prepared by Washington Invasive Species Council, 
Washington State Department of Agriculture, Washington 
State Noxious Weed Control Board, Washington State 
Department of Fish and Wildlife, Washington State 
Department of Ecology, Washington State Parks, and 
Washington State Department of Natural Resources. 2017. 



Invasive Species Selected 

Invasive Plants (15)
• Eurasian watermilfoil

• Himalayan blackberry

• Knapweeds (diffuse, meadow, spotted

• Knotweeds (Bohemian, giant, Himalayan, Japanese)

• Leafy spurge

• Purple loosestrife

• Rush skeletonweed

• Scotch broom

• Smooth cordgrass

• Yellow starthistle

Invasive Animals (8)
• Apple maggot

• Asian and European gypsy moths

• Emerald ash borer

• Feral swine

• Nutria

• Quagga and zebra mussels



Summaries of Individual Species

• Description of Species

• Distribution in Washington 
(2016)

• Impacts Considered

• Other Considerations

• Direct Economic Impact of 
Species

• Total Economic Activity at Risk



Results

• Washington – $1.3 billion per year without any prevention and 
control and the loss of up to 8,000 jobs

• Oregon between $1.5 billion and $2.4 billion personal income if 
infestation moved into all of the susceptible areas and up to 40,800 
jobs lost



Most Costly Invasive Species

Invasive Plants

• Rush Skeletonweed
– $149.2 million dollars

– 1,080 jobs

• Scotch Broom
– $142.7 million dollars

– 660 jobs

Invasive Animals

• Apple Maggot
– $392.5 million dollars

– 2,900 jobs

• Quagga/Zebra Mussels
– $100.1 million dollars

– 500 jobs



Knotweed Impacts by County



Washington State Report

The Daily Chronicle
County Will Consider Tax to Fund Noxious Weed Board 
INVASIVE: Proposed Tax Would Cost $8 Per Parcel

According to a study conducted by the Washington 
State Department of Agriculture, Lewis County stands 
to sustain $6.2 million in losses as Scotch broom 
invades rangeland and wildland areas.

- Bill Wamsley, Lewis County Noxious Weed Control 
Coordinator

The Daily Chronicle
October 22, 2018
County Approves New Tax to Fund Noxious Weed 
Board



Flowering Rush Distribution 
Columbia River Basin Watershed

WISC applied for and 
received NFWF PTI grant 
$65,000

3 main components:

• Form the Columbia Basin 
CWMA

– First plant of focus = 
flowering rush

• Summit

• Develop Basin-wide plan

• Use the plan to seek 
implementation funding

• Develop potential 
distribution model

Images used in this presentation may not be reused without explicit written permission from the WSDA Communications Office



U.S. Department of the Interior

National Park Service

Visualizing predicted distributions to inform search and 
control of priority invasive plants

Catherine Jarnevich
Research Ecologist
USGS Fort Collins Science Center

Terri Hogan
Invasive Plant Program Lead
National Park Service

With help from: Peder Engelstad, Ian Pearse, Jennifer Sieracki, Helen Sofaer, Julia Sullivan, 
Nicholas Young



Invasive Species Threaten 
Resources

• Invasive species pose a significant threat 

to natural resources, cultural resources, 

and facilities within the NPS.

• Invasive species degrade habitat for both 

native plant and animal species, alter 

ecosystem regulators like fire, and 

directly compete with native plant 

species for necessary resources.

The same meadow in 2016 where vetch is impacting wild caraway and 
sweetgrass, Great Lakes EPMT. NPS photo.

Grand Portage Band of Lake Superior Chippewa ceremony (ca.1955) in the 
east village meadow. NPS photo.



• Land managers need tools to 
help make strategic decisions 
about where to focus limited 
resources to best address 
invasive plant control. 

• This work provides a tool to 
support informed decision 
making and improve the 
effective management of 
resources.

Invasive Species Threaten Resources

Reed canarygrass (Phalaris arundicacea) treatment at Ross Lake National Recreation Area. NPS 
photo.



What can species distribution models be used for?

• Regional risk assessment
• What might be in the region that I am unaware of?

• Watch lists: What EDRR species should I focus on?

• Potential habitat for a species across a large region

• Local targeting
• Where am I most likely to find patches to treat?

• Where should I search for satellite populations?



Invasive species EDRR
John Ghent, Bugwood.org

Cook et al. 2019, Forests



Invasive species control
West et al. 2017, International Journal of Applied Earth Observation and Geoinformation



Model development and delivery



Model development





Model delivery

• INHABIT (Invasive Species Habitat Tool)
– On-line tool to delivery models to managers

– Compatible across device types

• Requesting feedback on features and utility



















Questions for you

• How might you use the tool for planning and in the field?

– Established versus new invaders?

– Regional versus local assessment?

• Who are key partners to involve in feedback?

• What are top priority tool features?

– What should be downloadable? What format?

• Opportunity to suggest future priority species to add

• What would make you view this tool as a success?

http://bit.ly/inhabitdata
jarnevichc@usgs.gov

http://bit.ly/inhabitdata


Science for Stewarding Resources into an Uncertain Future: 
Combining Scenario Planning & Simulation Modeling to Inform 
Resource Management 

Brian W. Miller – U.S. Geological Survey & North Central Climate Adaptation Science Center   
Amy Symstad – U.S. Geological Survey, Northern Prairie Wildlife Research Center                 
Gregor W. Schuurman – National Park Service, Climate Change Response Program

Photo: Eric Murray



Overview

•Climate Adaptation Science Centers (CASCs)

• Scenario planning

•Case study from southwest South Dakota
• Scenario planning
• Ecological modeling

• Closing thoughts on science & management



• Network comprised of eight Regional CASCs, managed by the National CASC 
located at USGS headquarters in Reston, VA.

• Mission: deliver science to help fish, wildlife, water, land, and people adapt to a 
changing climate

Introduction to CASCs





North Central CASC 
• Federal + university consortium
• Established 2011; relocated to CU-

Boulder in 2018
• Small staff, deep bench 
• State fish and game, DOI agencies, 

tribal nations
• “Actionable science” 

University of Colorado - Boulder
Conservation Science Partners
Great Plains Tribal Water Alliance

South Dakota State University
University of Montana
Wildlife Conservation Society

NC CASC Region + Missouri River Basin

NC CASC Region

Introduction to CASCs



Scenario Planning



• Changes are already happening

• More changes are expected, with potentially dire consequences

Monahan, W.B. and Fisichelli, N.A., 2014. Climate exposure of US national parks in a new era of 
change. PLoS One, 9(7), p.e101302.

81% (235 of 289) National Parks already extreme warm
(past 10-30 years warmer than 95% of historical range of conditions)

Scenario Planning



Scenario Planning

Despite this uncertainty, resource 
managers need to make decisions and 
act to meet goals. 

How can they know what to do?

Image: Gary Larson
http://allyduncan.blogspot.com/2009/09/daily-lol-far-side-damned-if-you-do.html



Scenario Planning



Scenario Planning

• Framework to support decisions under conditions that are uncertain & 
uncontrollable

• Scenarios offer a range of plausible futures – not predictions

“Scenarios are stories about the 
ways that the world might turn 
out tomorrow…that can help us 
recognize and adapt to changing 
aspects of our current 
environment.”

--Peter Schwartz (The Art of the 
Long View, p. 3)

Image adapted from Global Business Network 



• Has been applied in a variety of contexts, and in many forms

Images via Wikimedia Commons

By Konstantin Von Wedelstaedt [GFDL 1.2]

By Sai Saketh [CC-BY-SA-4.0]

Scenario Planning



There’s increasing interest in using scenario planning for 
climate adaptation…

Scenario Planning



There’s increasing interest in using scenario planning for 
climate adaptation…

BUT…

Scenario Planning



There’s increasing interest in using scenario planning for 
climate adaptation…

BUT…

…managers often need or want quantitative info

Scenario Planning



There’s increasing interest in using scenario planning for 
climate adaptation…

BUT…

…managers often need or want quantitative info

…and there are complex interactions between system 
components, climate, and management

Scenario Planning



Case Study – Study Area

Wikimedia.org



Key Management Issues
• Grasslands & grazing

• Infrastructure

• Paleo & archaeological resources

• T&E Species

Case Study



Climate drivers for key resources

• Temperature

• Spring precipitation amounts

• Heavy precipitation events

• Growing season onset (last spring frost date) and length

• Soil moisture

Case Study



Fisichelli, N.A., Schuurman, G.W., Symstad, A., Ray, A., Miller, B., Cross, M., Rowland, E., 2016. Resource management and operations in 
southwest South Dakota: Climate change scenario planning workshop summary January 20-21, 2016, Rapid City, SD. Natural Resource 
Report. Report No. NPS/NRSS/NRR—2016/1289

SW South Dakota: 2020-2050 vs. 1950-1999

Case Study



Fisichelli, N.A., Schuurman, G.W., Symstad, A., Ray, A., Miller, B., Cross, M., Rowland, E., 2016. Resource management and operations in 
southwest South Dakota: Climate change scenario planning workshop summary January 20-21, 2016, Rapid City, SD. Natural Resource 
Report. Report No. NPS/NRSS/NRR—2016/1289

SW South Dakota: 2020-2050 vs. 1950-1999

Case Study





• Effects to resources, facilities, and infrastructure
• Management responses

Photos: G. Schuurman

Case Study – Scenario Planning



Case Study – Scenario Planning

• Findings
• Facilitated open-minded thinking about a set of divergent and challenging, yet relevant and plausible, 

climate scenarios and management alternatives for a wide range of resources



Case Study – Scenario Planning

• Findings
• Facilitated open-minded thinking about a set of divergent and challenging, yet relevant and plausible, 

climate scenarios and management alternatives for a wide range of resources

• Helped ensure that the most important variables and scenarios related to resource management were 
being addressed in simulation



• Track veg. biomass & composition, costs

• 4 climate futures
– Rather Hot

– Awfully Dry

– Wet in Bursts

– The Jungle

Miller, BW, AJ Symstad, L Frid, NA Fisichelli, GW Schuurman. 2017. Co-producing simulation models to inform 
resource management: a case study from southwest South Dakota. Ecosphere 8(12).

Case Study – Ecological Modeling



• Track veg. biomass & composition, costs

• 4 climate futures
– Rather Hot

– Awfully Dry

– Wet in Bursts

– The Jungle

• 4 management alternatives (vary grazing 
rates/seasons, Rx fire, invasive inventory & 
treatment) by jurisdiction
– Current Practice

– Presently Preferred

– Planning for Good

– Planning for Poor

Miller, BW, AJ Symstad, L Frid, NA Fisichelli, GW Schuurman. 2017. Co-producing simulation models to inform 
resource management: a case study from southwest South Dakota. Ecosphere 8(12).

Case Study – Ecological Modeling



Case Study – Ecological Modeling

• Tradeoffs
• More conservative livestock/bison management (i.e., lower densities of grazers) may provide buffer in 

forage for dry years, but more cool-season exotic grass 



Case Study – Ecological Modeling

• Tradeoffs
• More conservative livestock/bison management (i.e., lower densities of grazers) may provide buffer in 

forage for dry years, but more cool-season exotic grass 

• Cost-effective solutions
• Larger initial investment in eliminating Canada thistle could pay off

• But without a cross-jurisdictional coordination, will be continued cost for treating thistle that spreads from adjacent public or 
private lands

• Lower cost options for achieving similar results (woody encroachment)



• Managers and scientists learned from “looking over the fence” at mgmt. strategies of each jurisdiction and 
how they play out under different climate scenarios

Case Study – Conclusions



• Managers and scientists learned from “looking over the fence” at mgmt. strategies of each jurisdiction and 
how they play out under different climate scenarios

• Qualitative and quantitative approaches provided complementary information

Case Study – Conclusions



• Managers and scientists learned from “looking over the fence” at mgmt. strategies of each jurisdiction and 
how they play out under different climate scenarios

• Qualitative and quantitative approaches provided complementary information

• Combined approach led to discovery of counter-intuitive and surprising findings, and resulted in a more 
tractable set of possible futures to plan for

Case Study – Conclusions



NPS “Scenario Showcase”: 
https://www.nps.gov/subjects/climate
change/scenarioplanning.htm













Closing Thoughts

• Start with management concerns

• Co-produce knowledge

• Link science to management decisions and processes

• Embrace uncertainty



Thank you!

Questions?

bwmiller@usgs.gov




