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INTRODUCTION 
 
This report summarizes outcomes from a participatory scenario planning-based climate change exercise 
held in Missoula, Montana in March 2014 and sponsored by the Crown Managers Partnership (CMP), an 
international organization of land management agencies in northwest Montana, southeast British 
Columbia, and southwest Alberta. Scenario planning is an adaptation tool the US National Park Service 
(NPS) uses to help its managers and decision-makers understand and anticipate how climate change will 
interact with other factors to shape the future, and the NPS Climate Change Response Program facilitated 
exercises with the CMP to apply scenario techniques in 2010. 
 
The CMP Steering Committee wished to revisit the CMP’s previous work around scenario planning 
during their annual forum in March 2014 in order to reengage CMP partners in discussions of climate 
change and its impacts in the region and to further explore what actions can be taken given both current 
scientific knowledge and the uncertainties about future conditions. To focus the exercise, the CMP 
Steering Committee identified specific climate change related management concerns before the forum, 
including aquatic systems and fish species as well as fire management and vegetation changes. These 
issues and resources were selected based on broad interest and relevance to managers in the Crown of the 
Continent Ecosystem (CCE). Practical scenario exercises are intended to help the CMP develop and 
evaluate new strategies and actions for managing for climate change in the CCE now and into the future. 
The scenarios that formed the basis for discussion and exploration were initially developed in March 2010 
through a CMP-sponsored participatory scenario planning workshop held in Whitefish, Montana. The 
2010 workshop was designed and facilitated by Holly Hartmann from the University of Arizona Arid 
Lands Institute and was funded through the NPS. Objectives were to: 1) raise awareness and build 
capabilities in scenario thinking for CMP managers to enable them to better address climate change issues 
and 2) facilitate interagency discussions about how resources and ecosystems in the CCE can be managed 
under a changing climate (the 2010 workshop report can be found at 
http://crownmanagers.org/storage/C4SP_FINAL_REPORT.pdf). The scenarios were reviewed by 
scientists and managers before the March 2014 forum to ensure that they continue to provide a divergent, 
relevant, plausible, and challenging set of future conditions for participants to explore and respond to in 
their discussions.  
 
Scenario Planning as a Tool for Managing Resources in an Era of Climate Change  
Scenarios are stories – they are not models or predictions. They provide a structured process for building 
and thinking about a range of possible futures that managers may face in order to consider not just what is 
likely, but also what is plausible, uncertain, and highly consequential. This exercise employed a flexible, 
scalable, user-driven approach to climate change scenario planning developed under guidance from 
Jonathan Star, a scenario planning practitioner (http://scenarioinsight.com) who was for many years 
associated with the Global Business Network® (see 
http://www.nps.gov/subjects/climatechange/scenarioplanning.htm for more information regarding NPS’ 
approach to scenario planning and climate change adaptation). It integrates quantitative, model-driven 
data with exploratory, qualitative narratives to envision a variety of social, political, and environmental 
futures and rehearse decisions under them. This approach uses science at management-relevant scales, 
includes social and political factors affecting decisions, and encourages long-term science-management 
partnerships. This combination allows decision-makers to consider climate impact scenarios broadly 
within a realistic context of limitations and allowances so that they may explore a range of innovative 
actions. It aims to empower decision-makers to take action and manage under uncertainty, and can be 
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applied when specific future conditions are difficult to accurately predict or we lack sufficient 
information.  

What is a Participatory Approach? 

The scenario planning process begins with a core team of subject matter experts and decision-makers that 
identifies the key climate change information needs and uncertainties for a park or landscape. From these 
discussions, a central issue to be examined during the scenario planning process – known as a focal 
question – emerges, and is used to guide the exercise. This question explicitly articulates the scope, scale, 
spatial extent and time horizon of the exploration to be conducted. 
 
After the focal question is identified, subject matter experts assemble relevant scientific knowledge, 
model outputs, and impact information to inform the scenario planning process. Small groups of decision-
makers and subject matter experts are then convened at multiday workshops to develop scenarios from 
these materials by means of intensive, expert and decision-maker discussions. These conversations are 
typically conducted in a facilitated group setting, where participants dig down to the most important and 
uncertain climate drivers that will impact the region. The group ultimately builds out scenarios for future 
conditions based on those drivers determined to be both critically uncertain and consequential.  
 
Multiple techniques can be applied for scenario creation but the fundamental role of this approach is to 
engage decision-makers directly in constructing both the knowledge base and the outcome for a range of 
plausible, relevant, challenging, and divergent futures. The participatory approach diverges from strictly 
model-driven approaches in that it focuses on transparency and encourages end-user input and ownership 
through a structured development process. Benefits of this approach are (1) increased understanding of 
key uncertainties, (2) incorporation of alternative perspectives into conservation planning, and (3) 
improved capacity for adaptive management to promote resource sustainability. 
 
 
 
 
 

 
Participants at the Crown Managers Partnership 14th Annual Forum, 
Missoula Montana, March 2014.
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SCENARIOS 
 
Below are brief descriptions (Figure 1) and narratives of the three climate change scenarios initially 
developed during the 2010 workshop and updated for the 2014 forum. The three scenarios were each 
given a keyword that captures both climate change and sociopolitical aspects of the scenario (see below). 
 
Scenarios: 
Climate Complacency/Buying Time  (Keyword = Complacent) 
Colorado Creeps/Bounces North   (Keyword = Confused) 
Race to Refuge     (Keyword = Committed) 
 
 

 
 
Figure 1. Three challenging, plausible, relevant, and divergent scenarios for the Crown of the Continent. 
PDO stands for the Pacific Decadal Oscillation. 



 

5 
 

 
The scenarios are built upon temperature, precipitation, and sociopolitical factors: rate of temperature 
increase, amount of summer precipitation, interannual and interdecadal climate variability, degree of 
societal concern, nature of leadership (Table 1). Uncertainties in these key variables drive divergence 
among scenarios and responses of key physical (stream flow, fire regime) and biological (fish, vegetation) 
factors (Table 2). 
 
Table 1. Climate and sociopolitical drivers over the early (up to ~2030) and late (2030 to 2050) time 
periods of each scenario. Arrow size and direction denote trends compared with late 20th century 
conditions (horizontal arrows represent conditions similar to the past, down arrows denote decreasing 
trends and up arrows increasing trends; arrow size denotes the magnitude/rate of change). Pacific decadal 
oscillation (PDO) ‘-‘ and ‘+’ symbols and size denote the predominant phase and its strength. Thumbs up 
and down denote whether there are high or low levels of leadership and societal concern. 
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Table 2. Streamflow and fish and fire regime and grassland to forest ratio responses to climate 
change over the early (up to ~2030) and late (2030 to 2050) time periods of each scenario. Arrow size 
and direction denote trends compared with late 20th century conditions (horizontal arrows represent 
conditions similar to the past, down arrows denote decreasing trends and up arrows increasing trends; 
arrow size denotes the magnitude/rate of change). 
 

 
 
 
Commonalities across scenarios: 
Each scenario contains distinguishing characteristics, but some elements occur across all three. 
Temperature will continue to rise and growing seasons and fire seasons will expand, although rates and 
trajectories differ among scenarios. As glaciers retreat and where forest cover declines, the remaining 
landscape becomes unstable and produces avalanches that impact water quality, threaten reservoirs along 
the Glacier National Park/Blackfeet Indian Reservation boundary with siltation, damage infrastructure and 
historical structures, and increase the need for emergency response capability, but also increase vegetation 
diversity and benefit bears as well as ungulates and birds. In addition, melting ice fields expose 
archeological materials to weathering and loss, but also can enrich our understanding of prehistoric 
environments and provide valuable cultural knowledge to the Salish, Kootenai, and Blackfeet peoples if 
appropriately recovered and protected. As heat is added to the climate system, the region can expect to see 
more temperature extremes and environmental thresholds exceeded. Winter precipitation in all three 
scenarios is relatively stable or increasing slightly. Warming temperatures continue to drive shifts toward 
earlier spring runoff, a longer growing season, and an extended fire season. Phenological mismatches 
occur due to the seasonal shifts. 
 
Below is a brief narrative of each scenario along with additional impacts and implications developed by 
participants during the 2014 forum.  
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Scenario 1: Climate Complacency/Buying Time (Keyword = Complacent) 
 
Synopsis: Initial relatively cool and moist conditions are driven by regional interdecadal climate 
variability (Pacific Decadal Oscillation in negative phase) and allow local leaders and citizens to be 
complacent. However, this is a scenario in which the region could buy time to organize and plan, if 
stakeholders can be engaged. After one or two decades, the region experiences an abrupt shift to hotter 
and drier conditions that drive more rapid and visible ecosystems changes.  
 
Key characteristics:  
Cool phase PDO (present to ~ 2030) 
Low rate of temperature rise; Precipitation slightly above historical 
Strong seasonality; Overall increase in productivity  
Droughts generally of short duration (intra-annual); Fires more isolated in time, space 
Warm phase PDO (~2030-2050) 
Rapid warming; Non-winter precipitation decrease  
Rain/snow increases; Substantial risk of rain-on-snow events 
Droughts increase; Streamflow decreases dramatically 
Fire frequency and severity increase; Heavy fuels from earlier productivity 
Sociopolitical context:  
Difficult to engage local audiences and leaders on the need for planning and action 
 
Scenario Storyline: 
This scenario is marked by a relatively low rate of temperature rise (+0.3 ˚C/decade [+0.5 °F/decade]) in 
the next one to two decades. Warming trends appear to be muted when compared to other parts of the 
country and globe. Many scientists attribute this trend to the persistent cooling effect of the Pacific 
Decadal Oscillation (PDO), which dominates weather patterns in the region and is currently in a cool 
(negative) phase. Under these conditions, precipitation slightly exceeds historical patterns, with 
interannual variability matching historical patterns and some evidence of increased storminess. Conditions 
are relatively cool and moist, and therefore there is an overall increase in productivity and fuels. Droughts 
are generally intra-annual and fires are more isolated in space and time. Occasionally severe fire years 
still occur. Stream systems continue current trends toward warmer temperatures, lower summer flows, and 
higher winter/spring flows and flooding, but rates of change are low and fish assemblages are impacted by 
slight increases in nonnative species ranges and contractions in native species ranges. Landscape-level 
vegetation changes are relatively minor (e.g., slight increase in overstory tree mortality rates and 
negligible conversion from forest to shrubland/grassland). While society elsewhere struggles to cope with 
problems along low‐lying coasts and increasingly arid regions, the Crown region seems to be dodging the 
bullet and it is difficult to engage local audiences and leaders on the need for planning and action. 
Complacency exists because they do not see these issues as being relevant to them.  
 
During the final two decades of the scenario, the PDO shifts back to its warm (positive) phase, bringing 
abrupt and dramatic changes. Temperatures warm much more quickly (+0.6 ˚C/decade [+1.0 °F/decade]) 
and precipitation declines (annual precipitation: -8 to -12%). Spring floods from rain-on-snow events and 
early warm-ups scour streams. Earlier snowmelt, increasing temperatures, and declining non-winter 
precipitation generate low flows and high temperatures in summer and fall that displace native bull trout 
and cutthroat trout from significant portions of their ranges and encourage significant expansion of 
nonnative species’ ranges. Relatively productive conditions during the cool PDO phase have increased 
fuel loads and continuity of fuels across the landscape. Frequent, major fire years with large, high-severity 
burns ensue. Forest regeneration is slowed by drought and lack of seed availability within very large 
burned areas. Complacency during the first couple of decades in this scenario severely challenges climate 
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adaptation efforts once rapid change begins to occur. Managers must scramble to protect and steward 
resources and meet public expectations for safety and access. Lack of planning and preparation results in 
actions that are largely reactionary and uncoordinated.  
 
Additional impacts and implications developed by individual work groups during the forum 
General (across the entire scenario to the 2050 time horizon) 
Water and Air: 

 Increasing air and water pollution that accelerates over time 
Ecological: 

 Increased breakdown in trophic dynamics that accelerates over time 
 Decreased groundwater input to streams (upwelling) due to both climate change and human development 
 Increase in extreme events, but highly unpredictable 
 Breakup of vegetative communities as species respond individualistically to climate change 
 Increase in most invasive aquatic species and in disturbance-linked opportunistic invasive species in 

general 
 Subsurface and intermittent streams become more common 
 Increased fall and winter flooding reduces bull trout survival (juvenile stage) and causes indirect shift in 

habitat for redds (nesting areas) 
 Declines in spring flooding favor rainbow trout and cutthroat-rainbow hybridization 
 Amphibians and other endemics become increasingly threatened/lost 

Human: 
 Impacts to traditional plants and archaeological/cultural resources and properties 

 
Initial decades of the scenario 
Ecological: 

 Slight conifer invasion  
 Minor effect on threatened and endangered species 
 Increased forest insects set up for fire later 

Human: 
 Hard to raise conservation funding; no dedicated big projects 

 
Latter decades in the scenario 
Ecological: 

 Grassland extent increases, and this is a positive change for some stakeholders 
 Fires increase  
 Increased erosion with impacts on soil communities and organic matter 
 Fires result in increased sediment loads from runoff and nutrient flushes 
 Invasive species respond individually, with some such as disturbance-dependent species presenting (new) 

opportunities to control them and other species becoming more invasive 
Human: 

 Public focus on increasing fire and flood frequency and intensity  
 Community perceives increase in grazing land vs. forest land 
 Late summer droughts result in a lack of water in reservoirs 
 Increasing conflicts in water use across sectors (agriculture, etc.) 
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Scenario 2: Colorado Creeps/Bounces North (Keyword = Confused) 
 
Synopsis:  Overall warmer and drier, especially during non-winter months. Recurring summer/fall 
moisture stress is punctuated by high interannual variability. Leaders attempt to engage the public in 
futures thinking and planning for climate change adaptation but the local public is resistant and 
suspicious.  
 
Key Characteristics:  
Overall warming and non-winter precipitation decreases, but very high interannual variability 
Warm, dry years are punctuated by cool periods and enhanced precipitation 
Water stress is severe, region-wide, and unrelenting in many years, but some years or seasons are moist 
Epic fire years occur, mixed with periods of low fire 
Episodes of drought, fire, disease, pests, and exotic species peaks move ecosystems towards transition 
Sociopolitical context:  
Local leadership on climate change is high but public sentiment is concerned with other issues 
Most resources are tied up in incident management due to periodic assaults on infrastructure and 
communities  
 
Scenario Storyline: 
The Crown region gradually becomes warmer (+0.5 ˚C/decade [+0.9 °F/decade]) and drier, but higher-
than-historical climate variability creates strongly contrasting conditions in successive years and 
periodically produces extreme events such as dramatic spring warm-ups, floods, cold snaps, and heat 
waves. When conditions are wet, some habitats ‘perk up’ and respond with higher productivity, but the 
overall trend is toward drier conditions, with each ‘dry streak’ producing larger change. Over the decades, 
local‐scale changes coalesce into larger landscape patterns comprised of shrub and grassland expansion, 
and lengthening of frost-free and fire seasons. Governments are strapped for resources, but provide broad 
authority to implement policies, regulations, and procedures at local and regional levels.  
 
Climate change in the Crown region under this scenario is experienced as a summation of many local‐
scale changes, many of them associated with extreme events. Precipitation and temperatures vary strongly 
from year to year, but the overall trend toward warmer temperatures, less non‐winter precipitation, shorter 
winters, and longer summers becomes increasingly evident over time. Late-summer and fall moisture 
stress becomes an increasingly serious issue and eventually becomes a frequent region‐wide problem 
across all ecotypes. Moisture stress is most evident in sensitive locations: alpine areas, historically glacier‐
fed high‐elevation streams, meadows, lower tree line, and dry‐site forests. Aquatic systems approach and 
exceed temperature thresholds for sensitive species in some of the most vulnerable locations periodically 
in the next decade or two, and frequently thereafter as average conditions become much warmer and drier. 
Each such event results in a permanent contraction of native species’ ranges and expansion of invasive 
fish ranges. The fire regime and vegetation composition of the region reflect the overall trend towards 
warmer and drier conditions and the strong interannual climate variability. Occasional relatively wet years 
result in high ecosystem productivity and thus an increase in fuels. Warm, dry years have extended fire 
seasons and higher risk for large fires. Fire frequency and intensity increase and cause punctuated change 
on the landscape. Dry years after large fires cause tree regeneration failure and conversion of some 
systems from forest to shrub/grassland.  
 
The effects of localized disturbance across the region over the past few decades coalesce into landscape‐
scale changes. The effects of fire, disease, pests, exotic species, and differential environmental adaptation 
are turning the Crown region into a place more akin to Colorado at the end of the 20th century. While the 
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mix of species is changing, overall, the region is becoming more ecologically simple. However, there is 
still potential for relict populations to persist in unique, spatially limited areas.  
 
Additional impacts and implications developed by individual work groups during the forum 
Water and Air: 

 Groundwater: increased demand, increased importance, change to infiltration 
 Permanent wetlands transition to ephemeral wetlands 

 
Ecological: 

 Increases in avalanches 
 Increased fire impacts: adverse for old-growth species, beneficial to some ungulate species (not caribou), 

negative for wolverines 
 Water stress and increased withdrawals detrimental to fish 
 Increase in fish diseases 

 
Human: 

 Value of agricultural land may increase 
 Timber resources will decrease over time 
 Earlier spring snowmelt and peak flow cause a phenological mismatch between water and people (tourism 

such as rafting) 
 Decrease in snow- and water-related tourism but increase in ATV use 
 Shorter ski season 
 More resident and visitor recreation will cause increased stress on resources and visitor services but also 

creates an enhanced environmental ethic 
 Decreased water availability and increasing population cause increased pressure for water 
 Increased demand for upstream water impoundments 
 May need to scrutinize floodplain management laws 
 Increased summer energy demand but decreased hydropower production 
 Knee-jerk reactions to variability 

o confusion 
o rush to log timber 

 Much emphasis on incident command of catastrophic events 
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Scenario 3: Race to Refuge (Keyword = Committed) 
 
Synopsis:  Global warming has accelerated due to amplifying feedbacks. Warming and shifts in climate 
patterns are abrupt, with changes at the extreme warm and dry end of projections. The Crown cannot 
escape severe impacts and rapid transitions, including major changes to native aquatic systems, the 
emergence of fast-moving diseases and exotic species in sometimes unexpected settings, and tremendous 
shifts in the fire regime. Society and governments respond strongly to support policies and programs for 
coping with crises, adaptation, and large-scale mitigation. 
 
Key Characteristics:  
Rapid warming & decrease in non-winter precipitation 
Rain/snow ratio changes dramatically towards rain in low and mid elevations 
Substantial risk of rain-on-snow events 
Water stress is severe, region-wide, and unrelenting 
Epic fire regimes region-wide; Late-scenario shift from climate- to fuels-limited landscape 
Ecosystems in great transition: drought, fire, disease, pests, exotic species 
Unrelenting assault on infrastructure: rain-on-snow, fire, rain-on-snow after fire 
Sociopolitical context:  
Society and governments respond strongly both globally and nationally to support policies and programs 
for coping with crises, adaptation, and large-scale mitigation 
 
Scenario Storyline: 
The climate models generally underestimated the rate of change in the Crown area. Amplifying feedbacks 
are releasing additional carbon into the atmosphere and warming is occurring faster (+0.7 ˚C/decade [+1.3 
°F/decade]), stronger, and with greater changes in climate patterns than projected a decade earlier. 
Interannual variability matches historical patterns. The combination of warmer temperatures and 
decreases in non-winter precipitation dramatically extend the summer dry season. Earlier snowmelt, 
rapidly increasing temperatures, and declining non-winter precipitation generate low flows and high 
temperatures in summer and fall that quickly begin to displace native trout from the lower portions of 
much of their former ranges and encourage nonnative species’ upward expansion. Spring floods from 
rain-on-snow events and early warm-ups scour streams and strongly impact native bull trout spawning, 
and this impact becomes stronger each decade as warming progresses. 
 
Crown ecosystems and species are clearly under stress and undergoing transformative change. For 
example, substantial lynx and wolverine habitat has been lost. Alpine systems, especially, are under 
severe stress from loss of endemic species and the appearance of exotic species. Low-elevation forests are 
also undergoing a rapid conversion to shrublands and grasslands accelerated by disease, insect infestation, 
and wildfire. By the end of the scenario, the fire regime of the Crown has shifted overall from being 
climate-limited to being fuel-limited. Early in the scenario, multiple extreme fire years burn large swaths 
of the landscape. Hot and dry conditions and repeat burns retard tree seedling establishment and inhibit 
formation of a new canopy layer within these very large burned areas. Over time availability of woody 
fuels decreases (lack of dense forests) and grasslands expand in area (due to warmer and drier conditions 
and invasion by nonnative species like cheatgrass). 
 
Globally and nationally, serious mitigation efforts against climate change are now under way. National 
attention in both U.S. and Canada is focused on coastal areas where sea level rise is threatening 
infrastructure, and on areas where drought is now endemic. Worldwide, governments understand that 
getting climate change under control is a problem that overwhelms all others; they have embraced 
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cooperation, freeing up funds for adaptation and mitigation efforts. Agencies have great flexibility to 
address regional problems through policy. 
 
Additional impacts and implications developed by individual work groups during the forum 
Water and Air: 

 Increased frequency of extreme events (rainfall) 
 Water quality declines (sedimentation & increase in contaminants driven by increasing water temperatures) 
 Air quality declines 

Ecological: 
 Unprecedented change causes unpredictable ecological responses 
 Soil productivity declines and changes structure, leading to farming and ranching impacts 
 Increase in natural ignition (lightning) in the initial decades before the system becomes fuel-limited 
 Wildlife ranges shift 
 Blister rust or other moisture-favored diseases decline 
 New species fulfill roles formerly carried out by predecessors, raising questions about societal acceptance 

Human: 
 Overall comment: The future sounds like California – floods, drought and heat, high societal concern, and 

strong leadership 
 Change in the tourist economy involving both losses and gains; Crown becomes “Arizona of the North” 
 Sea level rise on the coasts (particularly urban areas) leads to adaptation conflict (the Crown is seen as a 

“refugium” for people) 
 Human migration shifts (influx and emigration) leads to impacts on resources 
 Challenges regarding collaboration emerge but are resolved over time 
 Large-scale policy changes (e.g. public health and air/water quality, and zoning with regard to fire) 
 Economic changes (declining forestry/increasing mining) that lead to water-use issues and a call for less 

water-intensive techniques 
 Change in seasonal water storage (dams) 
 Waste (garbage) management becomes a bigger issue because of increasing human populations 
 Natural disaster debris management becomes a bigger issue (concrete after flooding) 
 Increase in use of alternative energy 
 Increased insect kill raises questions about how to respond 
 Cross-border treaties are impacted 
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MANAGEMENT OPTIONS 
 
The following lists of potential management options for watershed and fish management and wildland fire 
and vegetation management were developed for use during the subsequent allocation/wind tunneling 
exercise. These management topics were selected prior to the workshop by the CMP Steering Committee. 
Initial management option lists were developed with input from local managers and researchers prior to 
the 2014 forum and participant groups expanded on these lists to create a broad range of possible actions. 
These lists were developed as a brainstorm exercise to illuminate possible actions – i.e., no weight was 
given at this point as to whether or not any options should be favored. 
 
Crown Management Options for Watershed/Fish Management 
 
Watershed management: 

 Expand area of protected current native fish habitat via land designation, MOUs regarding mining, etc. 
 Identify, preserve, and protect potential future critical native fish habitat (i.e., areas currently too cold for 

native fishes but likely to be suitable in the future) 
 Restore and maintain critical in-stream conditions (e.g., modify channels to increase complexity and 

connectivity, increase large wood debris, restore/manage riparian vegetation to shade streams) 
 Restore or alter hydrology to slow runoff and increase infiltration to maintain stream flow and temperature 

(e.g., create upland micro-catchments, de-commission roads and remove/replace culverts) 
 Manage livestock to reduce stream and riparian habitat impacts (e.g., fence off riparian areas and provide 

off-channel water sites for livestock, and work with landowners to encourage rotational management) 
 Manage dams and irrigation offtake (diversions) to simulate natural flow conditions and regulate 

temperatures (e.g., release water drawn from lower lake depths to cool streams) 
 Conduct public outreach regarding flow regimes and water quality 
 Manage deep lakes to remove nonnative fish so these lakes can function as thermal refugia for natives 
 Restore streams to reduce stream temperatures 
 Manage human impacts (mining, logging, residential, wastewater) 
 Manage riparian vegetation to reduce stream temperatures 
 Sustain hydrological processes 
 Enhance/restore floodplains, connectivity, wetlands, groundwater 
 Identify and protect potential refugia 
 Address point and non-point impacts on water quality 
 Make sure we understand baseline conditions 
 Re-contour roads (similar but distinct from decommission roads) 
 Restore ditches 
 Manage beaver 
 Use citizen science for both monitoring and public engagement 
 Ensure coordination of all actions (to avoid maladaptation) 
 Engage and involve the community 
 Mitigate flooding using natural ecosystem management (riparian & floodplain) 
 Use nutrient trading to reduce nutrient inputs 
 Manage non-fish aquatic invasive species 
 Artificially cool streams (e.g., use tarps and covers) 
 Protect/enhance wetlands 
 Set ecological thresholds for land use and human use 
 Develop voluntary drought response plans so that irrigators can adjust irrigation practices to reduce impacts 
 Improve irrigation efficiency (e.g., combining flood irrigation & sprinkler irrigation to match water 

availability) 
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Fish/biota management: 
 Protect native coldwater species by prohibiting or curtailing harvest  
 Re-found or bolster native coldwater populations where populations are extirpated or imperiled (use 

hatcheries as conservation facilities) 
 Reduce nonnatives and hybrids that threaten native species (via harvest regulations, bounties, gill nets, or 

chemicals) 
 Erect barriers to prevent upstream invasion of nonnative fishes and maintain populations and genetic 

diversity in increasingly fragmented native coldwater fish populations (via translocation) 
 Remove barriers that harm native coldwater species (e.g., culverts) where doing so does not intensify 

nonnative fish impacts 
 Introduce or manage for nonnative coldwater species to preserve trophic structure and recreational 

opportunities in lower reaches where warming has extirpated native coldwater species 
 Introduce coolwater species (e.g., native northern pike [native to east side of the divide] or nonnatives such 

as smallmouth bass) to preserve trophic structure and recreational opportunities in lower reaches where 
warming has extirpated all coldwater species 

 Add screens to diversions to prevent fish movement/loss from one drainage to another 
 Monitor and document ongoing change (but take no other action) 
 Manage non-fish (the rest of the food web) 
 Prevent new invasions 
 Breed native fish (genetic selection) to tolerate warmer temperatures 
 Introduce non-reproducing predator fish to control/extirpate nonnatives 
 Control rogue bait-bucket biologists to prevent unauthorized introductions of nonnatives (e.g., via higher 

fines) 
 Conduct outreach regarding what is native and what is nonnative, and value of natives 
 Salvage and relocate native populations in peril/introduce native fish to currently-“fishless” high elevation 

areas 
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Crown Management Options for Fire/Vegetation Management 
 
Fire management: 

 Emphasize immediate fire suppression across all landscapes 
 Suppress fires but with an emphasis to maximize spatial heterogeneity and protect values at risk and critical 

areas of the landscape 
 Shift focus to defensible space and protection of structures and allow wildfires to burn 
 Continue historical scale and focus of prescribed fire efforts  
 Increase the scale of prescribed burns to landscape scales (and objectives, incl. cultural) 
 Increase mechanical thinning to landscape-scale treatments 
 Increase timber harvesting and landscape heterogeneity to protect timber resources against loss from fire 
 Increase fire return frequency and manipulate fire seasonality 
 Relax law and policy restrictions on fire management to facilitate increased burning and fire use 
 Monitor whole ecosystem effects of disturbance over ecological timescales 
 Use more funds for outreach and education 

 
 
Vegetation management: 

 Restore previously present native tree species in burned areas 
 Focus on genetic varieties and species better adapted to current stressors and future conditions (disease, 

fire, drought, etc…) 
 Increase management emphasis on carbon sequestration (assimilation and storage by forests) 
 Increase efforts at forest regeneration (planting and seeding) 
 Focus resources on controlling nonnative plant species 
 Abandon efforts to control nonnatives and permit ‘naturalization’ of nonnative species 
 Limit grazing and salvage logging to protect tree regeneration 
 Allow ecosystems to self-sort and adapt to a changing climate (hands-off approach) 
 Foster shrub/grassland conversion in areas with already marginal tree suitability 
 Encourage culturally desirable species 
 Restore declining ecosystems (in an effort to foster adaptive capacity to climate change) 
 Identify and protect climate refugia  
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ALLOCATION/WIND TUNNELING 
 
 
Allocation and wind tunneling refer to processes by which new and existing management options, 
respectively, are assessed in the context of climate scenarios. Participants were divided among scenarios 
and topics such that each person was placed in a small group (table) that focused on either watershed/fish 
or fire/vegetation under a single scenario. Each group considered all management options for its topic and 
collectively identified the 4-5 most appropriate options in context of the assigned scenario. Duplicate 
groups focusing on the same topic and scenario then met, compared lists, and merged their lists to identify 
a consolidated set of the 4-5 most appropriate options for action. Finally, all participants focusing on a 
scenario were directed to discuss the watershed/fish and fire/vegetation management options together and 
to merge these two lists into a single, final list of 4-5 most appropriate actions under the scenario. 
 
 
 
 
Climate Complacency/Buying Time 
Fish/Aquatic: 

 Protect/restore habitats and populations 
 Suppress/eradicate/prevent aquatic invasive 

species 
 Engage/educate individuals, communities, 

and leadership 
 Manage/remove human effects across lands

Fire/Vegetation: 
 Focus fire management to protect values at 

risk, and allow for prescribed fire and 
wildland fire for resource benefit 

 Identify and protect climate refugia 
 Monitor whole-ecosystem effects of 

disturbance over ecological timescales 
 Set stage to optimize outreach and 

education for communities and leadership 
(use monitoring info) 

 Reduce additional stressors including 
aquatic and terrestrial invasives 

Top actions across both topics: 
 Focus management to protect values at risk, for resource benefit 
 Protect and restore aquatic habitats and populations using refugia and the 4 Cs (cold, clean, 

complex, connected) 
 Reduce existing additional stressors (e.g., habitat loss and invasive species) 
 Engage and educate individuals, communities, and leadership 
 Monitor whole-ecosystem effects of disturbance and management actions 
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Colorado Creeps/Bounces North 
Fish/Aquatic: 

 Manage human impacts (e.g., mining, 
logging, and residential wastewater) based 
on ecological thresholds for land use and 
human use 

 Restore, connect, and maintain in-stream 
and riparian corridor habitat 

 Coordinate and engage with communities 
about management actions 

 Manage invasive species through removal 
and prevention (e.g., barriers) 

 Mandate drought response plans to reduce 
impacts and increase efficiency (limit total 
extraction) 

Fire/Vegetation: 
 Allow wildfires to burn and shift focus to 

defensible space and protection of 
structures 

 Change law and policy restrictions on fire 
management to facilitate increased burning 
and fire use 

 Use more funds for outreach and education 
 Allow and promote more fire on the land 

 

Top actions across both topics: 
 Manage human impacts (e.g., mining, logging, and residential wastewater) based on ecological 

thresholds 
 Create an enabling political environment for landscape-level burns 
 Coordinate and engage with communities about management actions 
 Manage invasive species through removal and prevention (e.g., barriers) 
 Don’t manage the system; manage people so that the system can respond 

 
 
 
Race to Refuge 
Fish/Aquatic: 

 Manage industry (mining, forestry, 
ranching, farming, etc.) to reduce stream 
and riparian habitat impacts 

 Manage invasive species through removal 
and prevention (e.g., barriers) 

 Engage and involve the community 
 Restore and alter hydrology to slow runoff 

and increase infiltration 
 Restore and maintain critical in-stream 

conditions to reduce stream temperatures 
and sustain hydrological processes 

Fire/Vegetation: 
 Control invasive nonnative plant species 
 Adapt timber management to promote 

forest resilience against fire, insects, and 
disease, foster connectivity, and avoid 
impacts to climate refugia 

 Plant genetic varieties and species from the 
North American continent that are adapted 
to current stressors (disease, fire, drought, 
etc.) and future conditions 

 Adapt the scale and focus of prescribed fire 
efforts and wildland fire use to defensible 
space, protect structures, maximize spatial 
heterogeneity, and protect values at risk in 
critical areas (e.g., shaded stream habitat) 

Top actions across both topics for this scenario were not resolved  
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SYNTHESIS/ANALYSIS OF GROUP WORK 
 
The large forum meeting room was partitioned for scenario exercises into three smaller rooms, one for 
each scenario. Scenario groups reconvened in the large meeting room after all exercises were completed 
to share/discuss their scenarios and management option allocation. Participants at the forum represented a 
large number of organizations with different mandates and objectives, and yet they identified many 
commonalities along with some differences in the options for management action among scenarios and 
aquatics/fish vs. fire/vegetation. Differences in how management options were allocated centered on the 
magnitude of change experienced in the scenario and also indicated different tendencies between fish and 
fire management. The extreme magnitude of change in the Race to Refuge scenario limited the suite of 
possible management actions in that scenario. However, the groups exploring fish management across all 
scenarios tended to emphasize actions that resist change, whereas groups exploring fire and vegetation 
management options identified a mix of resistance actions and those actions that facilitate transition away 
from historical conditions and towards new conditions anticipated under a changing climate. For example, 
fish options generally centered on habitat restoration and reduction of existing stressors to maintain 
historical coldwater fish populations. Fire management often included options focused on enabling fire to 
become more frequent and burn larger areas of the landscape, in line with projections under a warmer and 
drier climate. In addition to identifying common actions that make sense under all scenarios (i.e. ‘no 
brainers’), participants also identified strategies that make little sense under any scenario (i.e., ‘no 
gainers’). Finally, approaches for using scenarios and management options and future strategic 
conversation points were presented to the group.  
 
Commonalities in management options across scenarios 

 Continued and expanded use of prescribed fire 
 Management of invasive species (plants and aquatics) 
 Education/outreach 
 Continued/enhanced monitoring 
 Protection of critical areas 
 Engagement/collaboration across jurisdictions 
 Fish management options tended to emphasize strategies that resisted change across all scenarios 
 Fire and vegetation management under Colorado Bounce and Race to Refuge included several 

management options that facilitate changes on the landscape 
 
Differences in management options among scenarios 

 Top fire and vegetation options tended towards resistance under Climate Complacency and 
towards change in Colorado Bounce and Race to Refuge 

 Suite of options available to buy time is limited in Race to Refuge – options ranged from 
protection to restoration to transformation 

 
‘No Gainer’ management options 

 Managing for the historical range of variability (past ≠ future) – e.g., the past fire regime will be 
difficult/impossible to recreate under future climatic conditions 

 Emphasis on fire suppression: diminishing returns in the future as the length of the fire season and 
frequency of severe fire weather increases 

 Carbon sequestration/carbon stocks was not viewed as a focus of future management by any 
participant 

 Continued spread of invasives will make landscape-scale eradication efforts difficult to achieve 
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Categorizing Management Options to Help Set a Strategy (see Figure 4 for examples using a diagram 
of hypothetical scenarios) 
 
Robust: Pursue only those options that would work out well (or at least have minimal adverse effects) in 
any of the scenarios 
Bet the Farm/Shaping: Pursue options that align with a single future – and then do everything possible to 
help make that scenario a reality 
Hedge Your Bets/Wait and See: Pursue several distinct bets of relatively equal size, allotted across 
scenarios 
Core/Satellite: Pursue one main suite of options that align with a particular scenario (Core), while also 
engaging in limited options within other scenarios (Satellite) as a hedge against uncertainty 
 

 
Figure 4. Potential management strategies overlain on a diagram of hypothetical scenarios. Figure 
adapted from Global Business Network® (GBN 2009). 
 
 
From Scenarios to Strategic Conversations 
Using scenarios sets up the following types of conversations: 

 Should we gamble (take a risk) on what appears to be the most probable outcome? 
 Should we take a robust route and try to have a strategic initiative in place to deal with every 

contingency? 
 Should we delay taking action until further clarity emerges? 
 Should we commit to a certain course of action now, but have back-ups, just in case? 
 Are things so open that we can try to shape the future – can we define and achieve the future 

conditions we desire? 
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CONCLUSIONS 
 
This CMP scenario planning effort is a participatory process that engages a broad range of collaborators, 
including land managers from neighboring lands, stakeholders, climate scientists and other researchers 
from government and academic institutions, and representatives from government, tribes, non-
governmental organizations, and industry. Scenario planning can facilitate understanding of potential 
climate change implications and uncertainties in way that is relevant to the conservation of resources and 
landscape values. It is a flexible approach that accommodates change and promotes collaboration across 
jurisdictions. The scenarios detailed in this document are descriptive narratives that can serve as highly 
useful communication tools to inform the public and underscore the level of complexity involved in 
managing towards an uncertain future. Scenario planning facilitates decision-making and may also 
identify important factors previously not recognized in management discussions. Finally, scenarios are 
living documents and should be reassessed and updated over time as new information and trends become 
available.  
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Drivers Table 

Table. Climate drivers and stream/fish and fire/vegetation responses over the early (up to ~2030) and late (up to 2050) time periods of each scenario. 

      Scenario 

Variable  Period 
Climate Complacency/Buying 

Time 
Colorado Creeps/Bounces 

North   Race to Refuge 

Climate  Summary 

Warming trends are muted by a 
persistent negative (cooling) 
PDO phase between now and 
2030. After 2030 the PDO shifts 
back to its warm (positive) 
phase, bringing abrupt changes 
towards warmer temperatures 
and dry summer/fall conditions. 

The region gradually becomes 
warmer and drier, but higher‐
than‐historical climate 
variability creates strongly 
contrasting conditions in 
successive years and 
periodically produces extreme 
events such as dramatic spring 
warm‐ups, floods, cold snaps, 
and heat waves. The overall 
trend toward warmer 
temperatures, less non‐winter 
precipitation, shorter winters, 
and longer summers becomes 
increasingly evident over time. 

Climate changes rapidly and consistently towards 
warmer temperatures and dry summer/fall 
conditions. 

Temperature (annual)  2030 
+0.8 °C (1.5 °F) (+0.3 °C/decade 

[+0.5 °F/decade]) 

+0.6 to +2.4°C (+1 to +4.3 °F)
(+0.5 °C/decade [+0.9 

°F/decade])  +2.2 °C (4.0 °F) (+0.7 °C/decade [+1.3 °F/decade]) 

Temperature (annual)  2050 
+1.9 °C (3.5 °F) (+0.6 °C/decade 

[+1.0 °F/decade]) 

+1.7 to +3.3°C (+3 to +6 °F) 
(+0.5 °C/decade [+0.9 

°F/decade]) 
+3.6 °C (+6.5 °F) (+0.7 °C/decade [+1.3 

°F/decade]) 

Precipitation (summer)  2030  +2 to +5% (+1.2%/decade)  ‐10 to +10% (0%/decade)  ‐6% (‐2%/decade) 

Precipitation (summer)  2050  ‐8 to ‐12% (‐5%/decade)  ‐20 to 0% (‐5%/decade)  ‐15% (‐7.5%/decade) 

Pacific Decadal Oscillation (PDO)  2030  Strongly negative (cool/wet)  strong interannual variability  weak effects 

Pacific Decadal Oscillation (PDO)  2050  Strongly positive (warm/dry)  strong interannual variability  weak effects 

Intra/interannual climate 
variability  2030  Historical variability  Strongly enhanced   Historical variability 

Intra/interannual climate 
variability  2050  Historical variability  Strongly enhanced   Historical variability 

Snow (late spring cover)  2030  95‐100%  90%  80% 

Snow (late spring cover)  2050  80%  70%  60% 
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Table. Climate drivers and stream/fish and fire/vegetation responses over the early (up to ~2030) and late (up to 2050) time periods of each scenario. 

      Scenario 

Variable  Period 
Climate Complacency/Buying 

Time 
Colorado Creeps/Bounces 

North   Race to Refuge 

Streamflow (summer/fall)  2030 

Slight reduction consistent with 
current trends (effect of 
increased precipitation is 
counteracted by rising 

temperatures) 

Highly variable year to year but 
underlying warming trend 
results in conditions varying 
from a slight increase to 

moderate reduction (relative 
to current conditions) with 
more frequent floods & 

drought  Large reduction 

Streamflow (winter/spring)  2030 

Slight increase (PDO negative 
[cooling] phase mutes but does 
not completely mask warming) 

Highly variable year to year but 
underlying warming trend 
results in conditions varying 
from no change to moderate 
increase (relative to current 

conditions) with more 
frequent floods  Large increase 

Streamflow (summer/fall)  2050  Large reduction 

Highly variable year to year but 
underlying warming trend 
results in conditions varying 

from a slight to large reduction 
(relative to current conditions) 
with frequent floods & drought  Very large reduction 

Streamflow (winter/spring)  2050  Large increase 

Highly variable year to year but 
underlying warming trend 
results in conditions varying 
from slight to large increase 

(relative to current conditions) 
with frequent floods  Very large increase 
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Map of the Crown of the Continent. 
 
 


