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Climate 

1. Stressor or Driver Description 
Climate is defined as the average value of weather over a time period, including range and variability, at a 

defined spatial scale (NOAA 2016, Luce et al. 2012, Furniss et al. 2010). The variables that makeup 

weather and climate include temperature, precipitation, and extreme disturbance events are directly tied 

to ecosystem composition, health, and productivity (Peterson et al. 2011, Vose et al. 2012). Existing 

ecosystems are a result of long-term climate interactions with species as they adapt, migrate or decline.  

In an effort to provide the best available scientific information (BASI) in support of Forest Plan Revision, 

the Intermountain Regional Office (R4) is working in collaboration with scientists from the Rocky Mountain 

Research Station (RMRS) to review historical and projected climate data for the Region. This effort, the 

Intermountain Adaptation Partnership (IAP) is currently in progress and will result in a series of reports by 

resource focus areas. This Assessment will use these reports as they come available.  

Changing climate conditions, often called climate change, is the change in the long-term statistics of 

weather (NOAA 2007). These changing conditions, such as changes in precipitation and temperature, are 

stressors that affect long-term ecological conditions.  

Based on decades of research, the Earth’s climate warmed rapidly during the 20th century and this trend 

is expected to intensify in the future (USDA 2015, Furniss et al. 2010). Evidence supports that the 

increase in greenhouse gases (CO2, CH4, N2O, and Fluorinated gases) are amplifying natural climate 

variation resulting in a rapid increase in atmospheric temperature (EPA 2016, Luce et al. 2012, Peterson 

et al. 2011, Halofsky et al. 2011). These interactions result in complex changes in the heat balance of the 

earth, atmospheric flow patterns, and redistributed wind streams that result in changes in precipitation 

(Halofsky et al. 2011). These changes result in impacts to forest ecosystem processes including the 

timing, amount and type of precipitation, invasive species encroachment, shifts in fire regimes and 

intensity, insect infestations, carbon storage, and species health and resilience (USDA 2016, Peterson et 

al. 2011). 
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2. Indicators 
El Niño-Southern, La Nina, the Atlantic Monthly Oscillation and the Pacific Decadal Oscillation are 

examples of climate as a driver on ecosystems. Changes in these systems, such as intensity and 

duration, can serve as indicators for Climate.  

Global climate models have been used to understand how atmospheric, ocean and land conditions 

interact to impact climate (USDA 2016). These models can be used to develop projections for future 

conditions. These models and projections can help understand how the environmental conditions that 

plants, wildlife and insects rely on may change. The IAP uses Coupled Model Intercomparison Project 

(CMIP) climate change models CMIP3 and CMIP5 with the Representative Concentration Pathway (RCP) 

4.5 and 8.5 scenarios.  

Indicators used on the Forest to measure the impacts of a changing climate on ecosystem resources 

include temperature measures, the volume, timing and type of precipitation, stream temperatures and 

base-flow, projected community water needs based on future population estimates, groundwater 

recharge rates and volume, vegetation health and composition, and greenhouse gas levels (Table 1). 

3. Scale 
Peterson et al. (2011), addresses the relevancy of spatial scale for assessing vulnerability to climate 

change. For areas of less than 24,710-acres (e.g. watersheds), usefulness for planning is ‘low to 

moderate’. For areas ranging from 24,710 to 2,471,054-acres (e.g. ranger districts or national forests), the 

usefulness is ‘high for a wide range of applications’. For areas greater than 2,471,054-acres (multiple 

national forests or regions) the usefulness is ‘high if collaboration across management units is effective’. 
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The IAP breaks the Region into 7 Subregions based on common geological and ecological features and 

history. The Manti-La Sal NF falls primarily within the Plateaus Subregion boundaries; this assessment 

incorporates the data from reports currently available for that Subregion. Scales for analyzing the 

stressors/drivers include the IAP Plateaus Subregion and the Forest boundary (Figure 1). 

Figure 1. Map of Intermountain Adaptation Partnership Subregions; Region 4 (USDA2016) 

 

4. Existing Condition of the Indicators 
The World Meteorological Organization (WMO) defines the ‘classic’ period, or period over which statistical 

analysis is analyzed for climate, as 30-yrs (USDA 2010). Where data exists at this scale, this is the 

temporal scale for defining ‘existing conditions’. Changes in existing conditions facilitated by climatic 

extremes may result in increased frequency and duration of droughts, increased sedimentation and 

erosion, increased wildfires and insect infestations (Vose et al. 2012). Past disturbance events and 

climatic conditions, in concert with current disturbance events and climatic conditions, create current 

conditions.  
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For the Plateaus Region, both mean and maximum temperatures have been increasing over the last 50-

years (USDA 2106, Figure 2) while changes in precipitation have been variable (Figure 3).  

Figure 2. Historical (1979-2009) mean annual 

monthly temperature (°F) (USDA 2016) 

Figure 3. Historical (1979-2009) total annual 

precipitation (inches) (USDA 2016) 

 

Within the IAP Plateaus Region, both mean and maximum temperatures have risen around 0.027°F in the 

last 50-years and within the last 30-years maximum temperature has increased 0.081°F on average while 

minimum temperature has only risen 0.034°F on average per year (Figure 4, USDA 2016). Precipitation 

(in/year) is variable with no obvious trend (Figure 4). 

Although precipitation changes are variable, snow-water equivalent (SWE) has been declining since the 

1940’s and snow residence time has been declining (USDA 2016). Figures 5 and 6 show current April-1 

SWE and snow residence time on the Manti La-Sal National Forest.  
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Figure 4. Annual historical mean monthly maximum temperature, annual mean monthly minimum 
temperature and total annual precipitation (USDA 2016) 

 

Using methodologies outlined in the Abatzoglou and Brown (2012), scientists from the Rocky Mountain 

Research Station (RMRS) developed historical winter average temperature and average precipitation 

maps for the Manti-La Sal National Forest. These maps can be seen in Figures 5 and 6. These maps 

were then used to help develop snow water equivalent (SWE) and snow residence time (SRT) using 

methods found in Luce et al. 2014; figures 7 and 8 respectively.  
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Figure 5. Historical winter average temperatures across the Manti-La Sal National Forest. Map generated using 

methodology from Abatzoglou and Brown (2012).  

Figure 6. Historical average precipitation across the Manti-La Sal National Forest. Map generated using 

methodology from Abatzoglou and Brown (2012). 
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Figure 7. Current April-1 snow-water equivalent on the Manti-La Sal National Forest (Luce et al. 2016). Map 
created using methodologies from Luce et al (2014). 

Figure 8. Current snow residence time on the Manti-La Sal National Forest (Luce et al. 2016). Map created 
using methodologies from Luce et al (2014). 

5. Trends 
Ecological systems and communities are not static over time, but may fluctuate within certain parameters 

before shifting over into a different system or community type. This is often called the natural range of 

variation (NRV) for a system. NRV can also be defined as “the variation of ecological characteristics and 

processes over scales of time and space that are appropriate for a given management application” (FSH 
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2015). NRV is an assessment tool to evaluate where a system or community currently is within the 

extremes defined for that system. The resiliency of a system or community is tied to how close it is to one 

extreme or the other within this range. Systems or communities closer to the extreme are less resilient to 

stressors and are more likely to be shifted into a new system or community type with less pressure.  

Over the next 100-years for Region 4, annual minimum and maximum temperatures are projected to rise 

by as much as 10° F (Figure 9). Projections for precipitation are variable and no clear trend is seen 

(Figure 10). As seen in Table 1, greenhouse gases, temperatures and community water needs have been 

increasing and are projected to continue on an upward trajectory (USDA 2016). While the projections for 

precipitation are variable, there are expected changes in the frequency, intensity, timing and type. These 

changes result in impacts on snow pack, stream temperature, vegetation community, groundwater 

recharge, stream flow and stream temperatures. Higher temperatures will accelerate evapotranspiration 

resulting in soils drying faster. 

Across the IAP Plateaus Subregion, under RCP 4.5, the maximum and minimum temperatures are 

projected to increase near 5°F (Figure 11, USDA 2016). The maximum temperature rises for all seasons 

under both RCP 4.5 and 8.5 with the greatest departure from historical occurring in the summer season. 

Summer maximum temperatures are predicted to rise above 95°F by 2100 with autumn maximum 

temperatures rising to 75°F (Figures 12-13). Spring and autumn minimum temperatures are predicted to 

rise above 40°F while winter minimum temperatures will remain below freezing through 2100 under both 

RCP 4.5 and 8.5 (Figures 12-13).  

  

Figure 9. Projected (2030-2059 and 2070-2099) mean 
annual monthly temperature (°F) under RCP4.5 and 
RCP 8.5 scenarios (USDA 2016) 

Figure 10. Projected (2030-2059 and 2070-2099) 
total annual precipitation (in) under RCP4.5 and 
RCP 8.5 scenarios (USDA 2016) 
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Figure 11. Historical modeled and projected annual mean monthly maximum temperature, annual mean 
monthly minimum temperature, and total annual precipitation for RCP 4.5 and 8.5 based on CMIP5 (USDA 
2016) 

Figure 12. 1950-2100 seasonal mean maximum monthly temperature; each box is an aggregation of 20-years 
(RCP 4.5 - Yellow; RCP 8.5 - Red) 
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Using methodologies from Abatzoglou and Brown (2012) the RMRS created projected RCP 8.5, 2080 

winter average temperature and average precipitation maps scaled down to the Manti-La Sal National 

Forest (Figures 14-15). Figures 16-18 depict maps illustrating changes in historical and projected values. 

 

 

Figure 13. 1950-2100 seasonal mean minimum monthly temperature; each box is an aggregation of 20-years (RCP 4.5 - 

Yellow; RCP 8.5 - Red) 

Figure 14. Projected RCP 8.5 2080’s winter average temperatures on the Manti-La Sal National Forest. Map 

generated using methodology from Abatzoglou and Brown (2012).  
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Figure 15. Projected RCP 8.5 2080’s winter future cumulative precipitation on the Manti-La Sal National 

Forest. Map generated using methodology from Abatzoglou and Brown (2012). 

Figure 16. Change in winter average temperatures on the Manti-La Sal National Forest; historical vs RCP 8.5 

2080s. Map generated using methodology from Abatzoglou and Brown (2012). 
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With the exception of the Monticello district, Figure 16 depicts between a 5°C and a 5.5°C (41°F – 41.9°) 

change in average winter temperature throughout the Forest by 2080 with regions of higher elevations 

showing the greatest increase.  

  

 

Figures 17 and 18 show a greater predicted change in cumulative winter precipitation (between 16 and 

22% change) for the northern districts while the southern districts are projected to experience a less 

dramatic change. However, areas within the southern districts that are projected to experience the 

greatest change are areas of higher elevation in the Moab district.  

 

Figure 20. Percent change in April-1 snow-water 
equivalent on the Manti-La Sal National Forest 
(Luce et al. 2016). Maps developed using 
methodology from Luce et al (2014). 

 

Figure 17. Absolute change in winter cumulative 

precipitation on the Manti-La Sal National Forest; 

historical vs RCP 8.5 2080s. Map generated using 

methodology from Abatzoglou and Brown (2012). 

 

Figure 18. Percent change in winter cumulative 

precipitation on the Manti-La Sal National Forest; 

historical vs RCP 8.5 2080s. Map generated using 

methodology from Abatzoglou and Brown (2012). 

Figure 19. Absolute change in April-1 snow-water 

equivalent on the Manti-La Sal National Forest (Luce 

et al. 2016). Maps developed using methodology from 

Luce et al (2014). 
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Snowpack SWE and SRT are both tied into winter temperatures and precipitation. As such, areas of 

greatest projected change are similar to those identified for temperature and precipitation. The April-1 

SWE has been declining on the Manti-La Sal NF (Figures 19-20) and is projected to continue to decline in 

the future (Luce et al 2016). Snow resident time is declining (Figures 22-22) and snowmelt is occurring 

earlier in the year then historical norms (Luce et al 2016, USDA 2016). Stream flow volumes in this region 

are tied to snowmelt volume and timing resulting in a change in peak stream flow timing and intensity 

resulting in lower summer stream flows. These accumulated impacts, along with changes in temperature, 

precipitation and fire regime, will directly impact vegetation communities. Dryer soils and changes in water 

availability will strongly impact riparian, alpine and sub-alpine, dry big-sagebrush, grasslands and 

mountain mahogany habitats while oak-maple woodlands and mountain shrublands are likely to be less 

impacted than most habitat types. 

 

Figure 22. Percent change in snow residence time 
on the Manti-La Sal National Forest (Luce et al. 
2016). Maps developed using methodology from 
Luce et al (2014). 

 

 

 

Figure 21. Absolute change in snow residence time on 

the Manti-La Sal National Forest (Luce et al. 2016). 

Maps developed using methodology from Luce et al 

(2014). 
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Table 1. Summary of historical and expected future trends in climate variables in the IAP Plateaus Subregion (USDA 2016) 

  Historic Conditions  Future Conditions  

Climate Variables Baseline  Expected Direction of Change 
Expected Changes by 

Season 
Confidence 

Temperature 

Both mean and minimum 
temperatures have risen 0.027 
⁰F over the last 50-years. In the 

last 30-years, the maximum 
temperature has on average 
increased 0.081⁰F per year and 

the minimum temperature has 
risen 0.034 ⁰F per year. 

By mid-21st century, under 
Representative Concentration 
Pathway (RCP) 4.5, maximum 
temperature is projected to rise 
by nearly 5 ⁰F and minimum 

temperature is projected to rise 
similarly.  

Maximum temperatures rise in 
all seasons in all scenarios 
(RCP 4.5 & 8.5) with the 
greatest change occurring 
during the summer months. 
Minimum winter temperatures 
rise remain below freezing by 
2100, however, minimum 
spring and fall temperatures 
may rise above 40⁰F by the 
end of the 21st century.  

Although there are variations in 
climate change models, these 
results are very likely. 

Precipitation 
Most precipitation occurs in early 
winter and late spring.  

Precipitation projections are 
highly variable.  

Precipitation projections are 
variable but the greatest 
change in winter precipitation 
is expected in the northern 
districts on the Forest.   

While there is a high likelihood 
of change on amount, timing 
and type of precipitation, the 
predicted extent of these 
changes is currently highly 
variable. 

Snowpack 
April-1 Snow-water equivalent 
(SWE) has been declining in this 
area since the late 1940’s. 

Higher elevations may not see 
substantial changes in April-1 
SWE, center of melting time, or 
snow residence. Intermittent 
snow packs on mid-to-low 
elevations will likely see snow 
more rarely and have a reduced 
snowpack. 

Snowmelt timing will likely 
advance.  

Although precipitation 
projections are highly variable, 
temperature-related changes 
are relatively robust. 

Stream Flow 
Annual water yield and summer 
low flows have been decreasing 
since the 1940’s. 

Total yields may decrease.  

Earlier stream flow center 
timing is expected and 
summer low flows are 
expected to be lower.  

Since groundwater systems are 
closely tied to precipitation and 
snow pack, there is some 
uncertainty to extent of impact 
on these systems.  

Stream 
Temperature 

Data Gap Data Gap Data Gap Data Gap 
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  Historic Conditions  Future Conditions  

Climate Variables Baseline  Expected Direction of Change 
Expected Changes by 

Season 
Confidence 

Groundwater 
Recharge Rate 

Snowmelt likely contributes to 
the majority of recharge in most 
mountain regions.  

Potential changes remains 
uncertain throughout the region 

Potential changes remains 
uncertain throughout the 
region.  Groundwater systems 
will be less impacted by 
increasing temperatures then 
surface waters.   

Difficult to predict due to poorly 
understood factors. 

Projected 
Community  Water 
Needs 

Data Gap Data Gap Data Gap Data Gap 

Vegetation 
Community Health 
& Composition 

Changes in temperature, snow 
packs and precipitation have 
already resulted in increased fire 
frequency and intensity as well 
as more frequent and intense 
pest outbreaks.  

The degree of climate change 
impact will vary by vegetation 
community. But increased 
temperatures and fires and 
changes in water resources will 
stress communities making 
them more vulnerable to 
additional stressors. These 
changes will result in shift in 
habitat types by area and 
elevation. 

The warmer seasons will likely 
see the greatest impact by 
catastrophic events (drought, 
fire, etc.) and infestations.  

Although the intensity and 
frequency of events may vary 
by community type, these 
changes are very likely. 

Greenhouse Gas 
Levels 

Over the last century, 
greenhouse gases have been 
increasing with the rate of 
increase growing in more recent 
decades.  

Rates of increase have been 
slowing, but still increasing. 

Data Gap Data Gap 
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6. Resources Affected 
Just like there is variability in natural systems, the predictive models that are designed to show future 

conditions inherently include a number of uncertainties (Daniels et al. 2012). For Forest Planning, while it 

is important to understand the sources of the variability in modeling outputs, it isn’t necessary to iden tify a 

‘right’ model. It is important, to become aware of the range of possibilities, the primary factors influencing 

outcomes, and how these factors impact resources in order to best build resiliency into a system or 

resource.   

 

Examples of some possible impacts include: 

 

Changes in precipitation due to a changing climate have significant implications on aquatic habitats and 

the species that depend on them (Isaak et al. 2016). Resulting changes will impact habitat quality, 

quantity and location and may result in shifts in species distribution and abundance.  

 

Changes in climatic conditions may alter the supply and demand on outdoor recreation activities and 

access within the Forest (Hand et al 2016). The Forest’s capability to meet these changes in demand 

may directly impact the local economy for communities around the Forest. Impacts may vary by season.  

Changes in climate that result in increased rainfall and flooding will pose substantial risk to infrastructure 

as disturbance events escalate beyond the ability of existing infrastructure (i.e. culverts) to handle 

(Furniss et al 2016).  

Additional, more resource-specific information, regarding impacts of a changing climate on Forest specific 

resources can be found in the other Assessment Chapters.  

Table 2. Resources impacted by climate change on national forests in the Intermountain Adaptation Plateaus 
Subregion (USDA 2016, Reeves and Bagne 2016, Vose et al. 2016) 

Resource Affected Indicator For Monitoring  
Most Vulnerable* (at risk, most urgent for 
management actions and/or monitoring)  

*not a comprehensive list 

Vegetation Ground Cover Percentages Riparian Ecosystems 
Bank Stability 

Species Richness and Diversity 
 Resource Value Rating (RVR) 

 Invasive Species – Presence 

 Riparian Ecosystem Condition 

 Ground Water Dependent Vegetation 

 Timing and Volume of Base Flows 

 Bank Stability (Soils) 

 Species Richness & Diversity (Veg) 

Range / Grazing Ground Cover Percentages  Ground Cover Percentages  

  Species Richness & Diversity (Veg) 

Soils  Soil Integrity Soil Integrity 
Erosion / Sedimentation  Erosion / Sedimentation 

 Productivity and Organic Matter  

 Vegetation Suitability 

Wildlife  Habitat Quality (Resilience / Integrity) Species Richness & Diversity 
Habitat Quality (Resilience / Integrity) 

 Species Richness & Diversity 
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Resource Affected Indicator For Monitoring  
Most Vulnerable* (at risk, most urgent for 
management actions and/or monitoring)  

*not a comprehensive list 

 Species Composition (Veg) Vegetation Structure 
Ecosystem Function 

 
 Vegetation Structure 

 Ecosystem Function 

 Habitat Fragmentation / Connectivity 

 Wildlife Populations 

Aquatics Habitat Fragmentation / Connectivity Habitat Fragmentation / Connectivity  
Water Quality (Surface) 

Water Temperature 
Watershed Function / Condition 

 

 Water Temperature 

 Water Quality (Surface) 

 Water Quantity (Surface) 

 Bank Stability (soil) 

 Sedimentation 

 Timing of Peak Water Flows 

 Watershed Function / Condition 

 Species Richness & Diversity 

Minerals Landslides / Geologic Hazards  Landslides / Geologic Hazards 
Contribution to Economic Sustainability 

 Contribution to Economic Sustainability 

Hydrology / 
Groundwater 

Water Quality (Surface) 
Watershed Function / Condition  

Water Quality (Surface) 
Water Quantity (Surface) 

 Water Quantity (Surface) 

 Watershed Function / Condition 

 # of Recharge and Discharge Points 

 Aquifer Water Quality 

Timber / 
Silviculture 

Species Composition (Veg) 
Species Composition (Veg)  

Habitat Quality (Resilience / Integrity) 
Vegetation Structure 

 Vegetation Structure 

 Ecosystem Function 

 Habitat Fragmentation / Connectivity 

 Habitat Quality (Resilience / Integrity) 

Fuels Fire Regime Condition Class (FRCC) Fuel Loads 
Fire Regime Condition Class (FRCC) 

 Fuel Loads 

 Fire Intensity 

Wilderness / 
Special 
Designations 

Wilderness Stewardship Performance 
Elements 

Wilderness Stewardship Performance Elements 
 

Consistency with Research Natural Areas (RNA) 
Management Goals 

 
 

Consistency with Research Natural 
Areas (RNA) Management Goals 

Recreation 
Consistency with the Recreation 

Opportunity Spectrum (ROS) Classes 
Consistency with the Recreation Opportunity 

Spectrum (ROS) Classes  

Scenery 
Consistency with the Visual Resource 

Management (VRM) 
Consistency with the Scenery Management 

System (SMS) Objectives  

 
Consistency with the Scenery 
Management System (SMS) 

Objectives 
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Resource Affected Indicator For Monitoring  
Most Vulnerable* (at risk, most urgent for 
management actions and/or monitoring)  

*not a comprehensive list 

Lands Proposals for Land Exchange Land Special Use Permits  

 Land Special Use Permits 

Engineering Inventory Maintenance  
Condition 

Expected Needs 
 Maintenance 

 Condition 

 Expected Needs 

Cultural/Heritage  # of Sites Condition of Sites 
Condition of Eligible Sites 

 Condition of Sites 

 # of Eligible Sites 

 Condition of Eligible Sites 

Social / Economic Demographics Forest Contributions to Social/Economic 
Sustainability 

 
Services Provided by the Forest 

 Economic Characteristics 

 
Forest Contributions to 

Social/Economic Sustainability 

 Services Provided by the Forest 

 Forest Influence on Community 

Air Air Quality Air Quality 

 Wilderness Air Quality 

Carbon Stocks Carbon Sequestration Carbon Sequestration 
Carbon Storage 

 Carbon Storage 

 Benefits Obtained by Ecosystems 

7. Management Tools 
Incorporating the potential impacts of climate change into land management planning and decision-

making requires the inclusion of scientific information as well as social, economic, and cultural 

considerations (Peterson et al. 2011, Moss et al. 2014, Joyce et al. 2014). Successful management tools 

often involve educating (both internally and externally) and working with the public and outside 

organizations. Tools that support these efforts include joint fact-finding, structured decision-making, 

adaptive management, as well as computer/statistical modeling. The overall objective of managing for 

climate change impacts is managing risk. For land management agencies, that translates to managing for  

resiliency in an ecosystem or resource while reducing vulnerability (Peterson et al. 2011, Swanston and 

Janowiak 2012). The first step in the process includes completing assessments of all resources to identify 

the current state and current and futures risks. 

Management tools to support resiliency begin with decision support tools and methods. It is becoming 

even more important to identify various alternatives and to consider the long-term effects as well as other 

resources that are tied to the resources being acted on directly. This includes looking at comparative 

trade-offs and possibly integrating appropriate science-based modeling (Peterson et al. 2011, Moss et al. 

2014).  It is also important to review possible future ‘big-picture’ conditions and threshold events, consider 

possible scenarios and discuss how current actions can best impact, prevent and/or prepare for those 

events. Incorporating climate change information in Forest planning is one tool for National Forests.  

Reduction of greenhouse gas emission is one tool that can be implemented, at all scales, to help increase 

resilience. U.S. Forests absorb and store more than 227.6-million tons of carbon per year making them 
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an important carbon sink (Joyce et al. 2014). Increasing Forest health and acreage, while being mindful of 

any increase in water demands, will increase carbon sink capacity (Garfin et al. 2013, Joyce et al 2014). 

However, carbon storage is expected to decline due to accelerated mortality and disturbance. One 

potential management tool for Forests is to manage carbon sequestration. Practices include increasing 

forest growth and continued treatment of disease, invasive species and pests. Harvest management 

choices also influence carbon storage. Another tool to be considered is the management  of fuel hazards 

to decrease catastrophic fires (Peterson et al. 2011). This can include thinning of trees as well as 

reduction of fuel loads on the Forest floor.  

Water resource management, current and future, will also play an important role in supporting resiliency 

in many ecosystems as well as for public use (Georgakakos et al. 2014).  Potential management tools 

include changing water use practices to more efficient methods, updating and improving infrastructure 

planning to incorporate water efficient options. Education and communication within and across sectors 

will also play an important role. Land management options include maintaining and restoring hydrology 

and riparian areas (Swanston and Janowiak 2012).  

Challenges for adapting certain management tools include the lack of fine-scale information, limited 

financial resources and personnel, pre-existing laws and policies that do not incorporate climate change 

impacts, national and regional policies and processes, affinity for traditional management approaches, 

‘checkerboard’ pattern of land management across the larger-landscape, expansion of residential 

development and recreational activities, regulatory standards that impact the quantity and timing of 

management actions, and appeals and litigation of proposed projects  (Peterson et al. 2011, Moss et al. 

2014). 

8. Stressor Accumulation 
Stressor accumulation occurs when the occurrence of one stressor increases the likelihood of another or 

the susceptibility of a system to another stressor (USDA 2016, Halofsky 2016, Vose et al 2016). 

Decreases in precipitation will increase drought events and severity and making a system more 

vulnerable to fire, disease, die backs and insect infestation. Increasing temperatures in winter result in 

less of a die-off event for insects and may result in increased infestation event frequency and severity. 

Shifts in precipitation and temperatures may cause a shift in the timing and/or quantity of resource 

availability to become misaligned with the organism dependent upon that resource. For a system with low 

resiliency, stressor accumulation will have a greater impact (USDA 2016). 

9. Identify any Data Gaps 
With climate change, significantly downscaling predictive models to the Forest and/or neighboring 

community scales can be challenging and not a lot of detailed information exists. Specific data gaps 

include detailed information on community water use and projected changes and changes in local 

greenhouse gas emission by season. More accurate and reliable modeling of precipitation changes in 

timing, type and volume at the local scale would also provide important information as water resource 

availability and snow melt are driving variables for many ecosystem and community resources conditions 

and availability. 

  



Manti-La Sal Forest Plan Revision Stressors and Drivers –  
Climate  

21 

10. Literature Cited 
 

Abatzoglou J.T. and Brown T.J. "A comparison of statistical downscaling methods suited for wildfire  
applications " International Journal of Climatology (2012),doi: 10.1002/joc.2312.  

 

Daniels, A. E., Morrison, J. F., Joyce, L. A., Crookton, N. L., Chen, S. C., McNulty, S. G. 2012. Climate 

Change FAQ. Gen. Tech. Rep. RMRS-GTR-277. Fort Collins, CO. U.S. Department of 

Agriculture, Forest Service, Rocky Mountain Research Station. 32 p.  

Environmental Protection Agency (EPA). 2016 (downloaded). Overview of Greenhouse Gases. Retrieved 

from: https://www.epa.gov/ghgemissions/overview-greenhouse-gases 

Furniss, M. J., N. Little, and D. L. Peterson. 2016. Chapter 11. Effects of Climate Change on 

Infrastructure. DRAFT. Intermountain Adaptation Partnership (IAP) publication.  

Furniss, M. J.; Staab, B. P.; Hazelhurst, S.; Clifton, C. F.; Roby, K. B.; Ilhadrt, B. L.; Larry, E. B.; Todd, A. 

H.; Reid, L. M.; Hines, S. J.; Bennett, K. A.; Luce, C. H.; Edwards, P. J. 2010. Water, Climate 

Change, and Forests: Watershed Stewardship for a Changing Climate. Gen. Tech. Rep. PNW-

GTR-812. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest 

Research Station. 75 p.  

Garfin, G., A. Jardine, R. Merideth, M. Black, and S. LeRoy, eds. 2013. Assessmentof Climate Change in  
the Southwest United States: A Report Prepared for the National ClimateAssessment. A report by 
the Southwest Climate Alliance. Washington, DC: Island Press.  

 

Georgakakos, P.A., P. Fleming, M. Dettinger, C. Peters-Lidard, Terese (T.C.) Richmond, K. Reckhow, K. 

White, and D. Yates, 2014: Ch. 3: Climate Change Impacts in the United States: The Third 

National Climate Change Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, 

Eds. U.S. Global Change Research Program, 62-112. doi:10.7930/J0G44N6T. 

Halofsky, J. E. 2016. Presentation: Climate Change and Ecological Disturbance in the Intermountain 

Region. Intermountain Adaptation Partnership (IAP).   

Halofsky, J. E., D. L. Peterson, K. A. O’Halloran, Hawkins Hoffman, C. eds. 2011. Adapting to Climate 

Change at Olympic National Forest and Olympic National Park. Gen. Tech. Rep. PNW-GTR-844. 

Portland, OR. U.S. Department of Agriculture, Forest Service, Pacific Northwest Research 

Station. 130 p.   

Hand, M., J. W. Smith, D. L. Peterson, N. Bruswick and C. Brown. 2016. Chapter 9: Effects of Climate 

Change on Outdoor Recreation. DRAFT. Intermountain Adaptation Partnership (IAP) publication.  

Isaak, D., M. K. Young, C. Tait, D. Duffield, D. Horan, D. Nagel and M. Groce. 2016. Chapter 5. Effects of 

Climate Change on Native Fish and Other Aquatic Species. DRAFT. Intermountain Adaptation 

Partnership (IAP) publication. 

Joyce, L. A., S. W. Running, D. D. Breshears, V. H. Dale, R. W. Malmsheimer, R. N. Sampson, B. 

Sohngen, and C. W. Woodall, 2014: Ch. 7: Climate Change Impacts in the United States: The 

Third National Climate Change Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. 

Yohe, Eds. U.S. Global Change Research Program, 175-194. doi:10.7930/J0Z6OKZC. 

Commented [CT-F1]: Need to check to ensure all citations are 

in APA. 

https://www.epa.gov/ghgemissions/overview-greenhouse-gases


Manti-La Sal Forest Plan Revision Stressors and Drivers –  
Climate  

22 

Luce, C. L. Joyce, D. Issak, M. Talbert, J. Morisette, A. Lute, M. Young, C. Tait, D. Duffield, D. Horan and 

M. Groce. 2016. Climate Change, Water, Snow, Soils and Fish: Manti-La Sal Planning Workshop. 

PowerPoint presentation at the Manti-La Sal National Forest’s Climate Change for Plan Revision 

Workshop, Price, UT.  

Luce, C. L., V. Lopez-Burgos and Z. Holden. 2014. Sensitivity of snowpack storage to precipitation and  
temperature using spatial and temporal analog models. Water Resour. Res., 50, 9447–9462, 
doi:10.1002/2013WR014844. 

 

Luce, C., P., Morgan, K. Dwire, D. Isaak, Z. Holden, and B. Rieman. 2012. Climate Change, Forests, Fire, 

Water, and Fish: Building Resilient Landscapes, Streams, and Managers. Gen. Tech. Rep. 

RMRS-GTR-290. Fort Collins, CO. U.S. Department of Agriculture, Forest Service, Rocky 

Mountain Research Station. 207 p.  

Moss, R., P. L. Scarlett, M. A. Kenny, H. Kunreuther, R. Lempert, J. Manning, B. K. Williams, J. W. Boyd, 

E. T. Cloyd, L. Kaatz, and L. Patton, 2014: Ch. 26: Decision Support: Connecting Science, Risk 

Perception, and Decisions.  Cliamate Change Impacts in the United States: The Third National 

Climate Change Assessment, J. M. Melillo, Terese (T.C.) Richmond, and G. W. Yohe, Eds. U.S. 

Global Change Research Program, 620-647. doi:10.7930/J0H12ZXG. 

National Oceanic and Atmospheric Association (NOAA). 2007. What is Climate Change. Retrieved from: 

http://www.nws.noaa.gov/om/brochures/climate/Climatechange.pdf 

National Oceanic and Atmospheric Association (NOAA). 2016 (downloaded). Climate Change and Global 

Warming. Pacific Fisheries Environmental Laboratory. Retrieved from: 

http://www.pfel.noaa.gov/research/climatemarine/cmfclimate/cmfcc.html  

Peterson, D. L., C. I. Millar, L. A. Joyce, M. J. Furniss, J. E. Holafsky, R. P. Neilson, P. Ronald, and T. L. 

Morelli. 2011. Responding to Climate Change in National Forests: A Guidebook for Developing 

Adaptation Options. Gen. Tech. Report. PNW-GTR-855. Portland, OR. U.S. Department of 

Agriculture, Forest Service, Pacific Northwest Research Station. 109 p.   

U.S. Department of Agriculture (USDA). 2010. Southwestern Region Climate Change Trends and Forest 

Planning: A Guide for Addressing Climate Change in Forest Plan Revisions for Southwestern 

National Forests and Grasslands.  

U.S. Department of Agriculture (USDA). 2015. Ch. 2. Assessing Water Resources of the Santa Fe 

National Forest. Santa Fe National Forest Draft Assessment Report – Volume 1. Ecological 

Resources. 101-174.  

U.S. Department of Agriculture (USDA). 2016. Intermountain Adaptation Partnership (IAP): Climate 

Change Vulnerability Assessment and Adaptation Workshop – Plateau Geographic Area. 116 p.   

U.S. Forest Service Handbook (FSH). 2015. 1909.12: Land Management Planning Handbook – Zero 

Code. Office of the Chief of the Forest Service, 1400 Independence Ave., SW Washington DC.  

Swanston C. and Janowiak M. eds. 2012. Forest Adaptation Resources: Climate Change Tools and 

Approaches for Land Mangers. Gen. Tech. Rep. NRS-GTR-87. Newtown Square, PA. U.S. 

Department of Agriculture, Forest Service, Northern Research Station. 121 p. 

http://dx.doi.org/10.1002/2013WR014844
http://www.nws.noaa.gov/om/brochures/climate/Climatechange.pdf
http://www.pfel.noaa.gov/research/climatemarine/cmfclimate/cmfcc.html


Manti-La Sal Forest Plan Revision Stressors and Drivers –  
Climate  

23 

Vose, J.M., Clark, J. S., Luce, C. H. and T. Patel-Waynand. 2016. Effects of Drought on Forests and 

Rangelands in the United States: A Comprehensive Science Synthesis. Gen. Tech. Rep. WO-

GTR-93b. Washington D.C., U.S. Department of Agriculture, Forest Service, Washington Office. 

289 p.   

Voss, J. M., D. L. Peterson, and T. Patel-Waynand, eds. 2012. Effects of Climatic Variability and Change 

on Forest Ecosystems: A Comprehensive Science Synthesis for the U.S. Forest Sector. Gen. 

Tech. Report. PNW-GTR-870. Portland, OR. U.S. Department of Agriculture, Forest Service, 

Pacific Northwest Research Station. 265 p.   

 


