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Climate Change Adaptation Options

Millar et al. 2007, Nagel et al. 2017 Eco Apps

Enable Transition to Change
• Promote connectivity
• Diversify seed sources
• Translocations

Promote Resilience to Change
• Forest thinning
• Restoration of incised banks
• Make snow at ski areas

Create Resistance to Change
• Reduce disturbances
• Fire breaks
• Intense removal of migrants



Climate Change Refugia



WOK: “climate refugia” or 

“climate change refugia” 
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Areas relatively buffered from contemporary climate change that enable persistence 

of valued physical, ecological, and socio-cultural resources



Climate Change Refugia



Morelli et al. 2016

PLOS ONE Inspired by the CSCC, Stein et al. 2014



Hydrological Refugia

Cartwright et al

Frontiers In Review



Disturbance Refugia

Krawchuk/Meigs et al. In Review

Frontiers



Coldwater Refugia

Ebersole, Quinones, et al. In Review

Frontiers



Vegetative Climate Refugia

Thorne et al. In Review

Frontiers



Morelli et al. 2016





Mann & Gleick 2015 PNAS

Record CA Warming



Morelli et al. 2016

PLOS ONE



Montane Meadows



Morelli et al. 2016

PLOS ONE





Mapping Climate Change Refugia

Maher, Morelli et al. 2017
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Morelli et al. 2016

PLOS ONE



Belding’s Ground Squirrel 

(Urocitellus beldingi)



74 Historical 

Presences

Original Surveys: 1902-1966 

Resurveys: 2003-2011

Detectability (p) > 0.995 for 

2+ visits



Persistent Sites = 43

Extirpated Sites = 31

Original Surveys: 1902-1966 

Resurveys: 2003-2011

Detectability (p) > 0.995 for 

2+ visits



Site Extirpations (N=31)

Site Persistence (N=43)

Morelli et al. 2012 Proc B

42% Rate of  Site Extirpations Across CA



Climate Change Refugia 

Predict Persistence

Morelli et al. 2018

Climate Change Responses
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Monitor: meadow wetness via 

remote sensing and field 

measurements; indicator species; 

downstream watershed variables 

(streamflow, sediment load, etc)

Minimize overgrazing; remove 

encroaching conifers & invasive 

species; mitigate road & trail 

impacts; assist migration of lower 

elev species; snow fencing to trap 

snow in desired locations; manage 

recreation & development; increase 

connectivity

Medium or large meadows that are 

highly connected; areas of high 

biodiversity; meadows where species 

of management concern exist or might 

exist in the future; areas of high 

recreational value (if uses are 

compatible)

Maintain montane meadow habitats 

in the Sierra Nevada, w/a 15-20 year 

planning cycle; consider 50-100 year 

climate projections

Reduced moisture availability and 

precipitation; disruption of species 

synchronicity; vegetation shifts; 

increased recreation impacts from 

more visitors and longer seasons

Maintain sufficient montane 

meadow habitats to protect 

critical ecosystem services in 

prioritized watersheds



On-the-Ground Refugia Conservation

• Increase Connectivity

• Improved culvert design

• Road crossings

• Reroute trails

• Assisted migration?







Developing a vulnerability index for Sierra meadows and 

BMP; includes climate refugia maps

Partners include:

•Cal-Trout

•US Forest Service

•National Park Service

•CA County Depts



Thorne et al. In Review

Frontiers



SOUTHWEST COLORADO 

SOCIAL-ECOLOGICAL CLIMATE RESILIENCE 

Identify and protect refugia

• Protect ranches and manage development

• Identify soil attributes that favor sagebrush

• Maintain diversity of structural stages, canopy cover classes

• Restore post-disturbance forests

• Protect healthy trees in larger stands affected by insects, disease, fire

• Conserve refugia that contribute to watershed flows

• Conserve persistent wetlands that remain wet during severe droughts,

especially within special management areas

• Conserve refugia and habitat connectivity for pinyon-juniper obligates

• Manage for highest at-risk values (e.g., property, certain trees)



• Conifer stronghold project

Conserving Conifer Strongholds







Work by Jenny Smetzer in collaboration with Acadia NPS and Schoodic Institute

http://rpubs.com/jsmetzer/496972

http://rpubs.com/jsmetzer/496972
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Just pretend –

Expected June 2020

Special Issue
Climate Change Refugia





Thanks!

Climaterefugia.org
tmorelli@usgs.gov


