
Responding to Climate Change in the Southwestern U.S.:  
Assessing Vulnerability, Building Resilience 
 
A presentation to the Switzer Fellowship Network by Patrick McCarthy, Director of The Nature 
Conservancy’s Southwest Climate Change Initiative (pmccarthy@tnc.org; 505-988-1542 x217). 
Santa Fe, New Mexico – March 29, 2011. 
 
For more information: 
http://nmconservation.org/projects/new_mexico_climate_change/ 
http://conserveonline.org/workspaces/climateadaptation/documents/southwest-climate-
change-initiative-0/view.html  
 
1 – TITLE – Responding to Climate Change in the Southwestern U.S. 
Thank you for the opportunity to share information about how The Nature Conservancy is 
responding to climate change in the southwestern U.S. I’m here this morning on behalf of the 
Southwest Climate Change Initiative, which includes several academic, federal, state, tribal and 
local partners as well as our chapters in Arizona, Colorado, New Mexico and Utah. 
 
2 – Outline  
Here’s what I’ll cover: 
 

• How The Nature Conservancy, an organization that manages more conservation land 
than any other private organization in the Southwest, decided to respond to the climate 
change challenge.  

• The findings of our newly completed four-state assessment of climate change exposure 
and vulnerability. 

• Progress toward climate adaptation at four demonstration landscapes, one in each of 
the Four Corners states.  

• Practical lessons we’ve learned in two years of work on climate adaptation. 
 
The take-home messages:  
 
The Southwest has already gotten significantly warmer, and it’s already changing forests, 
woodlands, rivers, wetlands, plants and animals in ways we can see and measure. 
 
We have enough information about the trajectory of climate change to take action to reduce its 
adverse effects – and we already have many of the management tools we need. But, to 
succeed, we must change the way we use climate information, set goals, and design projects to 
conserve land and water.  
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3 – Climate Change Headlines 
Every day it seems there are more headlines like these in the popular press and scientific 
literature, increasing our sense of urgency about preparing for climate change.  
 
What does this mean for us, as natural resource managers?  
TNC takes climate change seriously because our investments are at risk. In the Four Corners 
states, we have protected 324 natural areas, and we own and manage dozens of preserves and 
conservation easements. Yet the scale of climate change is far larger than any single ownership, 
and we will need to collaborate more than ever to address the challenge.  
 
4 – Temperature-Driven Ecological Changes 
In fact, the Southwest is warming faster than any other part of North America other than the 
northernmost latitudes, and this warming is already changing ecosystems – species, habitats, 
and processes like fire and stream flow – in measurable ways.  
 
Scientists have found that temperature change is driving ecological and hydrological change 
across the region. Numerous studies have documented three important temperature-mediated 
trends: 
 

Species distribution and phenology: 
Changes in timing of migration, dispersal, flowering and other biological events, and 
population changes including declines and distribution shifts.  
 
Drought and forest dieback: 
Warming, combined with drought, is pushing ecosystems across physiological 
thresholds, resulting in large-scale forest dieback. For example, a massive piñon pine 
dieback occurred on over 3 million acres of woodlands across the Four Corners during 
the 2002-2003 drought.  
 
Fire and hydrology:  
The timing of peak stream flow is on average a week to three weeks earlier than in the 
mid-20th century. 
Regional analysis of fire frequency by Westerling and others shows that the dramatic 
increase in acres burned in the West is largely attributable to warming spring and 
summer temperatures. 

 
5 – SWCCI Goal and Objectives 
In January 2009 we initiated a project that would help us and our partners at priority sites 
respond to climate change through science-informed planning and on-the-ground action.  
 
TNC joined the University of Arizona (Climate Assessment for the Southwest), Wildlife 
Conservation Society, National Center for Atmospheric Research and Western Water 
Assessment to design and carry out the SWCCI. Our goal is to provide information and tools to 
conservation practitioners for climate adaptation in vulnerable landscapes.  



 
Our objectives: 
 

1. Provide information and tools for managing landscapes and watersheds for resilience 
2. Assess impacts and take action regionally and locally 
3. Document and share knowledge, tools and methods through a learning network 

 
6 – Findings of Regional Assessment and Landscape Workshops 
I’ll share with you today findings from our regional assessment and from our four landscape 
demonstration projects. Reports are available for each, and this morning I'll be touching on the 
highlights.  
 
7 – Regional Analyses – Overview  
First, the results of a regional study of how habitats, watersheds and species have already been 
exposed to warming over the past 60 years. When we began this assessment in 2009, no study 
had yet looked at the distribution of T change across the units on which managers focus: 
habitats, watersheds and species.  
 
The foundation of our analysis is a look at how the temperature changed from 1951 to 2006, 
based on the best available, most comprehensive climate data from the past fifty years. We 
started with a retrospective look because (1) we wanted to know how the climate has already 
changed and how this is affecting ecosystems, and (2) empirical data is not subject to the 
uncertainty inherent in climate projections.  
 
On the map on the right, decreases in MAT are shown in green, increases from yellow to red, 
with red indicating the greatest warming. These results reflect an increase in MAT of between 1 
and 2 degrees F. Maybe the most important finding from this analysis is that the climate has 
warmed at different rates, which means that global warming will have different effects across 
the Southwest.  
 
Now I’ll step us through a handful of slides that capture the results of our assessment of (1) 
habitats, (2) watersheds and (3) species and ecosystems.  
 
8 – Habitat Exposure 
To assess exposure of southwestern habitats, we overlaid the temperature trend map with a 
map of major habitat types. This revealed that 90% of habitats (Marcos: is this by area?) in the 
Southwest have been subjected to significantly warmer air temperatures over the past 55 
years.  
 
It also showed that some habitats have been exposed to twice as much warming as others. For 
example, temperatures were as much as 2 degrees warmer in some alpine and desert habitats 
than in our reference period (see the red box on the right). Other habitats, such as shortgrass 
prairie, did not warm as much (orange box on the left). (Investigation of the mechanisms 
causing differential temperature change was beyond the scope of this study.) 



 
More in-depth information about individual habitat types is available in the report. 
 
9 – Habitat Vulnerability 
The next step in the habitat analysis involved an approximate assessment of vulnerability to 
climate change. We placed habitats into 4 vulnerability classes based on two variables: 
temperature increase and number of species of conservation concern. The greater the 
temperature change and the larger the number of species of concern, the more vulnerable we 
assumed the habitat type to be. This analysis is coarse in that it assumes equal sensitivity to 
increase in MAT across habitat types and species. But it is useful in that it highlights broad 
trends in exposure and vulnerability, and therefore may be helpful in regional or statewide 
planning.  
 
Our analysis suggests that the most vulnerable habitats include subalpine forests, piñon-juniper 
woodlands, sage shrublands and Colorado Plateau canyonlands and grasslands.  
 
We dug into the literature for effects of warming on habitats and species and found that such 
effects have been documented already in at least 40% of the habitats of the Southwest, 
involving at least 119 species. Changes in ecological processes such as fire and insect outbreaks 
may lead to greater impacts on more species because these disturbances may affect millions of 
acres.  
 
10 – Watershed Vulnerability 
Let’s move to our analysis of the distribution of temperature change across large watersheds. 
We used the same method as the habitat analysis, except that we considered only aquatic and 
obligate wetland species that are likely to be dependent on hydrologic regimes affected by 
climate change.   
We found that 70%, by area, of large watersheds have been exposed to a rise in mean annual 
temperature.  
 
The most vulnerable watersheds, with respect to level of warming and number of species of 
concern, are shown in dark red on the map. Clearly this is a first approximation, given the many 
interacting factors that contribute to vulnerability (exposure, sensitivity and adaptive capacity). 
But this analysis provides a regional overview – a first approximation. 
 
Of the region’s major river basins, the Colorado stands out as the most affected: in fact, the 
Colorado Basin has warmed about 50% more than the rest of the Southwest. 
 
Our literature review revealed that hydrological changes associated with climate change have 
been documented in at least half of the Southwest’s HUC-6 watersheds. These changes include 
snowpack reductions and a shift in the timing of peak stream flow earlier in the spring—
observations consistent with regional warming.  
 
  



11 – Ecological Effects of Climate Change 
Our assessment of the ecological effects of regional climate change, based on an extensive river 
of the scientific literature, revealed two major trends: 
 

• Warming is having impacts on phenology: the timing of biological events such as 
migration and flowering.  

• Warming is amplifying the effects of natural disturbances, causing ecological thresholds 
to be crossed and ecosystems to be transformed. 

 
An important new paper on southwestern forests reinforces the latter point. Williams and 
colleagues suggest that, with only two more droughts similar to or worse than recent events, 
forested area of the Southwest could be reduced or converted to non-forest types by >50% due 
to the deadly interactive effects of warming and drought.  
 
Why does it matter? 
 

•  Water supplies are at risk from increased losses from ET, lower base flows, and more 
frequent and deeper droughts.  

•  Damaging wildfires could affect even more acres, more frequently. 
•  Native plant and animal species populations could be degraded or lost.  

 
12 – Management Implications  
Our analysis carries implications for planning and management at the regional scale:  
 

• Reevaluate and modify goals:  
 Use climate science and ecology to determine whether and how goals might be 

met under different climate scenarios, and modify them accordingly.  
• Coordinate management of shared habitats and species across jurisdictions. We’ve 

shown the range of P-J in the map at right, with the colors indicating level of 
temperature change.  
 There’s variability in temperature change across the range of P-J. Different 

management units fall into the high end or low end of temperature change, 
meaning that managers should be talking with each other about how to manage 
the habitat for sustainability.  

• Use adaptive management and monitoring to test our assumptions about climate 
change, and to evaluate the effectiveness of the actions we take to moderate impacts. 
 We have a fifty-year ongoing experiment in T change going on now. Let’s take 

advantage of existing monitoring data and programs to investigate whether the 
effects of climate change on species and habitats are recorded. 

 Redesign or intensify existing monitoring programs so that we can detect and 
respond to change – especially extreme events -- quickly 

 
  



13 – Landscape Demonstration Adaptation Projects – Overview  
 
Workshop Objectives  

• Build understanding of how rapid climate change will affect the landscape; assess 
vulnerability of species and habitats. 

• Reevaluate goals in the context of a warmer world with more frequent and deeper 
drought.  

• Identify strategies for building resilience and reducing negative impacts: what, how 
much, where, when, at what cost? Examples: 

o Bonneville cutthroat trout: Map stream temperatures, identifying reaches that 
will be cool enough for trout; adjust stocking plans; restore streamside 
vegetation in priority (cool) reaches; and remove barriers to reconnect cool, 
intact reaches. 

o Stream base flow and groundwater table: Adjust PP thinning prescriptions to 
optimize snow retention and infiltration of snowmelt and rainfall; integrate 
these prescriptions into existing treatment plans. 

o Mexican spotted owl and ponderosa pine forest: Identify areas that could serve 
as cool refuges for Mexican spotted owl; modify treatment prescriptions for 
ponderosa pine-oak stands to maintain foraging and roosting habitat; and 
identify and maintain connections among the inhabited forested patches that 
are likely to persist as the climate warms.  

• Set priorities among the many strategies identified at the workshops. 
• Follow up on workshop, establishing working groups and projects.  

 
Collaboration 

• 190 people representing 43 organizations  
• Approximately 11 million acres in four landscapes  

 
14 – The Adaptation for Conservation Targets (ACT) Framework  
For our landscape climate adaptation workshops to be productive, we needed a structured and 
transparent framework that participants could work through over two to three days. We found 
the ACT framework, developed by a working group of the National Center for Ecological 
Analysis and Synthesis and adapted by our team to the needs of each landscape, very useful in 
that it steps participants through a common-sense approach to understanding local climate 
change effects and planning to build resilience based on shared understanding of ecosystem 
function and response.  
 
First we identify conservation target species, habitats or processes, then we build a conceptual 
model – an essential part of the process – as a foundation for identifying effects of climate 
change. We document observed and projected climate change effects as “hypotheses of 
change,” then identify strategic actions that managers can take to increase the likelihood that 
our management goal will be achieved in the face of climate change. Finally, we set priorities 
among the many possible strategic actions that we identify, selecting “no-regrets” strategies: 



that is, those that are feasible and that promise to build resilience (ability of the target to 
remain viable) under multiple plausible climate scenarios.  
 
The workshops are an initial, rapid iteration of framework’s Planning Phase and serve as a 
foundation for more robust vulnerability assessment and adaptation planning conducted by a 
local science-management partnership. This is following, of course, by the Implementation 
Phase.  
 
15 – Conceptual Ecological Model – Example from the Bear River Basin  
Here is an example of a group-designed conceptual ecological model from the Bear River Basin 
for one of our conservation targets, the Bonneville cutthroat trout. I’m sharing this simply as an 
example of how useful it can be for a planning team to develop a shared understanding of 
ecosystem function and hypothesized climate change effects, as a foundation for multi-
jurisdictional adaptation planning and implementation.  
 
16 – Adaptation Planning Flow Chart – Example from the Bear River Basin  
This flow chart shows how we worked through the ACT framework in the Bear River Basin for 
the Bonneville cutthroat trout. One of the most useful aspects of the process is that it requires 
explicit documentation of assumptions about management goals, ecosystem function, climate 
change effects. Equally important, it produces testable hypotheses about how strategic actions 
will reduce adverse impacts.   
 
17 – Examples of Strategic Adaptation Actions from Other SWCCI Landscapes  
This table, excerpted from a forthcoming paper on the lessons we’ve learned from the SWCCI 
landscape adaptation workshops, gives a few examples of strategic actions and the climate 
change impacts (“hypotheses of change”) they address. We’ve found that it’s important to 
state these hypothesized climate change effects – and the strategies we can take to address 
them – as clearly and precisely as possible. Detailed statements help managers “get their heads 
around” climate change and identify specific, tangible activities that they can plan and 
undertake immediately.  
 
Many of the actions we identified in the workshops involve familiar conservation strategies 
deployed in new ways (i.e., in different places, at different rates, and at different scales). Others 
are entirely novel, such as setting priorities for protection and/or restoration of trout habitat 
based on remotely-sensed thermal imagery and field data that, when combined with climate 
change projections, indicate which stream reaches are likely to remain viable habitat as water 
temperatures warm. 
 
18 – Landscape Adaptation Projects: Follow-up 
Following up on the workshops, the partners are continuing to work together in these four 
landscapes, in the following ways: 
  

• In the Jemez Mountains, partners have initiated a project to develop  guidelines for 
thinning, prescribed fire, and road decommissioning in mixed conifer habitat that 



restore landscapes while maintaining habitat for the Jemez Mountains salamander as 
the forest becomes warmer and drier. The are also using climate science to inform and 
guide goal-setting, management planning, and adaptive management and monitoring 
for the 225,000-acre Southwest Jemez Landscape Restoration Project, which is funded 
by the federal Collaborative Forest Landscape Restoration Program.  

 
• In the Gunnison Basin, a new Gunnison Climate Working Group is conducting a 

comprehensive vulnerability assessment and expanding its list of adaptation strategies. 
Later this year they will be designing an on-the-ground adaptation demonstration 
project for Gunnison sage-grouse or another priority species.  

 
• In northern Arizona, the partners are working within the Four Forest Restoration 

Initiative to help design a monitoring and adaptive management program that 
addresses climate change and its effects, allowing for rapid response to change and 
surprise. 

 
• In the Bear River Basin, partners are removing stream diversions and restoring natural 

flows and streamside vegetation to sustain Bonneville cutthroat trout habitat in river 
reaches that are projected to remain cool enough to support the trout.  

  
There is no recipe book for climate adaptation. Perhaps the greatest value of the Southwest 
Climate Change Initiative is that it has helped planners and managers “get their heads around” 
climate change – that is, to understand what climate change looks like at the places they 
manage, and begin to identify specifically what we can do about it.  
  
Some feedback we’ve received is that the workshops provide people with the confidence to 
start talking about adaptation with colleagues in a positive way, rather than with an attitude 
that “there is nothing we can do.” One participant said that the workshop “helped bump him 
over the hump of despair.”  
 
19 – Taking Action To Build Resilience 
Given the rapid (and likely accelerating) pace of climate change, it’s essential that we take 
action now to reduce adverse impacts in the near future. Here are some examples from our 
demonstration landscapes 
 
20 – Lessons Learned, 2009-2010  
  

1. Stable climates and ecosystems are history. Climate impacts will require big changes in 
the way we manage fire, water and biodiversity, including reprioritizing or abandoning 
some ecosystem types or species, revising goals, or modifying management actions. 

2. Embrace change – it’s unavoidable and accelerating – but find ways to minimize damage 
to water supplies, habitats and species. 

3. We have enough information about climate change and its effects to take action now. 
Incorporating climate considerations into project must become the new normal. Use the 



climate and hydrological science produced by NCAR, the Western Water Assessment, 
CLIMAS and Forest Service Research to understand and respond to local effects – it’s 
robust, it’s available now, and it’s highly relevant. 

4. We have many of the tools we need to get started on building resilience and reducing 
adverse effects. Some management strategies will be effective in a variety of scenarios. 
Invest in these, and then experiment with other promising approaches. 

5. Document your assumptions, hypotheses and plans so that those working on climate 
adaptation  in the future can learn and improve upon practices we are experimenting 
with today. In the face of uncertainty, and risk, establish management experiments to 
test hypotheses about climate change and its effects.  

6. Network, coordinate and monitor across jurisdictions, documenting your goals, 
assumptions and activities, and monitoring the results. This is more important than ever 
as ecosystems disintegrate and reassemble across the continent.  

 
21 – Landscape Adaptation Projects: “Making It Real” 
Perhaps the greatest value of the SWCCI is that it is helping us understand observed and 
projected local effects of climate change, and directing us toward specific actions that we can 
take now to conserve species, ecosystems and the benefits they provide to communities.  
   
22 – Questions and Comments 
 


