
How to Prioritize Management Action  
in a Changing Climate:  

A Look at Climate Change Refugia 



• 1 of 8 CSCs 
 

• Cover 22 states/130M people 
 

• Overlap with 7 LCCs, including the North Atlantic 
LCC 
 

• Goal: To assist natural resource managers in 
planning and development of climate adaptation 
strategies on local and regional scales 
 



Prioritizing Climate Change Refugia  

for Conservation 

 
• Climate is Changing 

• Climate Adaptation Strategies 

• Climate Change Refugia Conservation Cycle 

• Identifying and Testing Climate Change Refugia 

• Conclusions 



Observed U.S. Temperatures 

Warming in most places 

U.S. Global Change Research Program 

1991-2012 vs. 1901-1960 



 

Rawlins et al. 2012, Fan - NECSC 

Winter Spring 

Summer Fall 

Projected U.S. Temperatures 

Warming varies by season  



Climate Adaptation Options? 



Climate Adaptation Options 

• Enable Response to Change 

– Promote connectivity 

– Diversify seed sources & activities 

– Translocations 

• Promote Resilience to Change 

– Forest thinning 

– Restoration of  incised banks 

– Make snow at ski areas 

• Create Resistance to Change 

– Fire breaks 

– Intense removal of  migrants 

– Reduce disturbances Millar et al. 2007 Eco Apps 



Nimmo et al. 2015 

Vive  

la resistance! 

RT = Resistance 
RL = Resilience 



Climate Change Refugia 



Managing Climate Change Refugia  

for Climate Adaptation  

TL Morelli, SP Maher, K Nydick, J Ebersole,  

WB Monahan, C Daly, S Dobrowski, D Dulen, 
ST Jackson, JD Lundquist, CI Millar, KT 

Redmond, S Sawyer, S Stock, & SR Beissinger 

 

Areas relatively buffered from contemporary climate change 
that enable persistence of valued resources 

Morelli et al. In Review 

PLOS ONE 



Morelli et al. In Review 

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

Climate change refugia  

conservation cycle 



Morelli et al. In Review 

PLOS ONE 

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 



Identify Climate Change Refugia 

a) Target Refugial Processes 

 



Examples of  the physical basis for climate refugia 



a) Target Refugial Processes 

 

b) Model Stability Based on Recent or Future Climate 

Identify Climate Change Refugia 



“Climate Shield” 

Isaak et al. 2015 

GCB 

USFWS 



a) Target Refugial Processes 

 

b) Model Stability Based on Recent or Future Climate 

 

c) Locate Areas of  High Resource Persistence or Diversity 

Identify Climate Change Refugia 



Montane Meadows 

• Botanically diverse 

• Important to animal communities 

• Critical to hydrological function 

• Significant to recreation and economy 

 



Modeling Climate Stability 
~17,000 meadows 

Fryjoff-Hung & Viers, 2012. http://meadows.ucdavis.edu/ 

Diff 1970-1999 & 1910-1939 

PRISM ds to 270m  

BCM (Flint et al. 2013) 

Maher, Morelli et al.  

In Revision Ecosphere 



Steps for Managing  

Climate Change Refugia  



Testing the Climate Refugia Map 
~17,000 meadows 

 



* All Sig at p <0.05 except SWE 

Climate Refugia Predict Persistence 

Morelli et al. In Revision 

Global Change Biology 
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2-Samp Wilcox. 
Test 

**p <0.001 

***p <0.0001 

 

Climate Refugia 
Predict Occupancy 

*** 

(N = 18) 

(N = 20) 

2011 

** 
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Temperature correlates 
with Genetic Diversity 

Modern Minimum Temperature (°C) 

p = 0.002 
R2adj = 0.66 

Morelli et al. In Review 

Global Change Biology 

n = 124 



Morelli et al. In Review 

PLOS ONE 

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 

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) 

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 

Monitor: meadow 
wetness via remote 
sensing and field 
measurements; 
indicator species; 
downstream watershed 
variables (streamflow, 
sediment load, etc) 



Management Tools and Actions 

• Increase Connectivity 

• Improved culvert design 

• Road crossings 

• Reroute trails 

• Assisted migration? 

 



• Climate is changing, species are responding 

• Managing climate change refugia can be an 
important resistance option for climate adaptation 

• There are a variety of ways to identify climate 
change refugia but hypotheses should be tested 

Focus on climate change refugia to  
prioritize management action in a changing climate  

Conclusions 
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