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EXECUTIVE SUMMARY

The Colorado office of the Bureau of Land Management (BLM), which administers 8.4 million acres
of Colorado’s surface acres, and more than 29 million acres of sub-surface mineral estate, has been
charged with developing a climate adaptation strategy for BLM lands within the state. The
assessments presented herein present a statewide perspective on the potential future influences of
a changing climate on species and ecosystems of particular importance to the BLM, with the goal of
facilitating development of the best possible climate adaptation strategies to meet future
conditions.

The Colorado Natural Heritage Program conducted climate change vulnerability assessments of
plant and animal species, and terrestrial and freshwater ecosystems (“targets”) within a time frame
of mid-21st century. Our assessments 1) evaluate the potential impact of future climate conditions
on both species and ecosystems by identifying the degree of change expected between current and
future climate conditions within the Colorado range of the target, and 2) address the potential
impact of non-climate factors that can affect the resilience of the target to climate change, or which
are likely to have a greater impact due to climate change. Climate change vulnerability assessments
are not an end unto themselves, but are intended to help BLM managers identify areas where action
may mitigate the effects of climate change, recognize potential novel conditions that may require
additional analysis, and characterize uncertainties inherent in the process.

Ecosystems

Sixteen terrestrial ecosystem types and six freshwater ecosystem groups were assessed under a
high radiative forcing scenario (RCP8.5) for their relative vulnerability by mid-century. Terrestrial
types included six forest or woodland types, four shrubland types, four herbaceous or grassland
types, and riparian and wetland areas. Four terrestrial types (pinyon-juniper woodland, shortgrass
prairie, and riparian and wetland areas of the eastern plains) were ranked with high vulnerability,
and a single type (riparian woodland and shrubland of lower elevation west slope areas) was
ranked with very high vulnerability. Most terrestrial ecosystems were ranked with low or moderate
vulnerability to the effects of climate change by mid-century.

The majority of terrestrial ecosystems were evaluated as currently having low to moderate
resilience to climate impacts. Actions that increase ecosystem resilience and enhance the adaptive
capacity of these targets will cushion their vulnerability to changing climate conditions, and should
be a primary focus of management efforts. For forest and woodland ecosystems, adaptation actions
are likely to focus on disturbance factors such as fire and insect outbreak, while for shrubland and
herbaceous ecosystems, reducing the impacts of anthropogenic fragmentation and disturbance is
central to adaptation management.

Freshwater ecosystems (streams, rivers, lakes, and reservoirs) were evaluated in relation to a
modeled transition zone between warm and cool- to cold-water habitats that compared current
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reach extent in each zone to what could be expected under warmer future conditions. Results were
summarized by three regions (eastern plains, mountain, and western valleys). Overall vulnerability
of freshwater ecosystems was noticeably higher than for terrestrial types. Four of the evaluated
freshwater ecosystems, primarily those of lower elevations, had vulnerability ranks of high or very
high. Only streams of higher elevations were considered to have low vulnerability.

Nearly all freshwater ecosystems have moderate to high exposure to potential impacts from climate
change, and generally moderate levels of resilience or adaptive capacity. As a result, most of these
types will remain moderately vulnerable at best, even under conditions of improved resilience.
Actions that maintain or increase hydrologic connectivity and reduce non-climate impacts are the
primary means by which adaptive capacity in freshwater ecosystems can be maintained or
increased.

Species

Ninety-eight species (36 animals and 62 plants) were evaluated for vulnerability by mid-century
using the NatureServe Climate Change Vulnerability Index, under a high cumulative carbon
emission scenario (SRES A2).

Animal species included four amphibians, thirteen birds, nine fish, one insect, six mammals, and
three reptiles. Five species were ranked as extremely vulnerable to climate change. Overall, 42% of
the evaluated animal species were ranked with high to extreme vulnerability to climate change by
mid-century. Fish, in particular, were ranked on the high to extremely vulnerable end of the range;
other taxonomic groups were generally more evenly distributed between presumed stable to highly
vulnerable.

Nearly all of the vascular plant species (59 of 62) evaluated were ranked with extremely high
vulnerability to climate change by mid-century, generally due to their highly restricted
distributions, natural barriers to movement and relatively limited dispersal ability and/or
pollinator specificity. Restriction to a particular physiological hydrological niche, or to uncommon
geologic features and substrates also tend to increase the vulnerability of most of Colorado’s rare
plants.

Conclusions

The climate change vulnerability assessments presented herein provide a basic foundation for the
development of adaptation strategies going forward. Together with clearly articulated goals and
objectives for the conservation of important BLM-managed resources, the information included in
these assessments highlighting the potential impacts of climate change and species- or ecosystem-
specific key vulnerabilities can be linked to specific management actions that are intended to
address changing climate conditions.

[t is important to recognize that species assemblages are very likely to change from what has been
seen in the historic past, so that the investigation of shifting distributions, altered ecological
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functions, and critical thresholds that are tied to a warming climate will provide essential tools for
adaptation strategies.

Because earlier action allows for greater impact and influence on management challenges both now
and in the future, we suggest:

e Use of structured decision making techniques to focus and clarify BLM goals and objectives
for climate change adaptation targets

e Moving ahead with the development of adaptation strategies for key species and
ecosystems

e Prioritizing adaptation efforts for species and ecosystems, taking into consideration both
the vulnerability level of the target, practical criteria of time and resource availability, and
trade-offs or constraints that may be present

e Developing and implementing methods for monitoring or measuring the results of
adaptation actions

e Potentially revisiting climate change vulnerability rankings as new information becomes
available or additional concerns become apparent.
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BACKGROUND

The Colorado office of the Bureau of Land Management (BLM) has been charged with developing a
climate adaptation strategy for BLM lands within the state. In order to ensure the best possible
adaptation strategies, a statewide perspective on the potential future influences of a changing
climate on species and habitats is needed. To assist the BLM in this effort, the Colorado Natural
Heritage Program (CNHP) conducted a climate change vulnerability assessment for priority species
and ecosystems within a time frame of mid-21st century.

The vulnerability assessment is intended to be part of a dynamic, iterative, multi-scale process that
will focus management actions on strategies that are effective under both current and future
climates. The components of vulnerability were described by Glick et al. (2011) and consist of
projected exposure to climate change, sensitivity of the species or ecosystem to expected changes,
and the adaptive capacity of the species or ecosystem to respond to changes (Figure 1.1). Although
this diagram is straightforward and conceptually simple, the individual components of exposure,
sensitivity, and adaptive capacity can be difficult to calculate with any precision. Uncertainty comes
from both the degree of variation in the many climate projection models, and from the gaps in our
knowledge of the target species or habitat. In addressing these components, we hope to identify
which ecosystems are most or least vulnerable to climate change as well as the type and spatial
pattern of the most significant impacts. This information is expected to help land managers identify
areas where action may mitigate the effects of climate change, recognize potential novel conditions
that may require additional analysis, and characterize uncertainties inherent in the process.

Our assessment is aligned with existing and ongoing vulnerability assessments for Colorado species
and habitats to maximize the efficiency and effectiveness of our work, leverage data development,
share lessons learned, and coordinate expert input and interpretation. These include the Gunnison
Basin Climate Working Group, San Juan Climate Initiative, the State Wildlife Action Plan revision
and climate change vulnerability assessment, and the Colorado Rare Plant Conservation Initiative.
This analysis is based on a relatively short temporal scale (i.e., suited to agency planning horizons
and attentive to uncertainty levels in projected climate models) and the use of a limited but
representative set of potential change scenarios.

Our objectives were to:

1. Identify plant and animal species, and terrestrial and freshwater ecosystems of importance
to BLM management as targets of our analysis.

2. Evaluate the potential impact of future climate conditions on both species and ecosystems
by identifying the degree of climate change expected between current and future conditions
within the Colorado range of the target, and incorporating scientifically documented
information on species or ecosystems response to climatic factors.

3. Evaluate the potential impact of non-climate factors particular to each target that can affect
the resilience of the target to climate change, or which are likely to have a greater impact
due to climate change.

4. Produce summary vulnerability rankings for priority species and ecosystems.

Climate Change Vulnerability Assessment for Colorado BLM 3
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Figure 1.1. Components of vulnerability (Glick et al. 2011).

Study area

Overview

Colorado’s boundaries encompass some 66.6 million acres, or over 104,000 square miles. Within
this area, the type and extent of natural vegetation is determined by many factors, including
elevation, climate, soils, disturbance patterns, and the ecological history of the landscape. Colorado
spans the continental divide amid the highest peaks of the Southern Rocky Mountains. As a result,
the state’s topology is complex. To the east of the continental divide, the eastern plains rise gently
at the rate of about 10 feet per mile from elevations of 3,350-3,650 feet at the state’s eastern edge.
Although they appear comparatively flat, Colorado’s eastern plains boast little-known dramatic
river canyons, shale outcrops forming buttes and scarps, sandy stabilized dune fields, and basalt-
capped mesas that are local landmarks in the eastern counties. At elevations of 5,500 to 6,000 feet
near the mountain front, the plains transition fairly abruptly to foothills and mesas that, in turn,
quickly rise to montane elevations. The central portion of the state is dominated by the peaks and
ranges of the Southern Rocky Mountains. Here, a series of mountain ranges trending generally
north-south bound a string of high mountain valleys or parks, and include more than fifty peaks
reaching elevations of 14,000 feet or more. To the west, more mountains and extensive plateaus,
heavily dissected by ravines and canyons, form the characteristic valley and plateau western slope
landscape. Near the western border of the state elevations decrease again, reaching a low of about
4,325 feet where the Colorado River crosses the border with Utah.
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General climate

Colorado’s position at the high point of the continent means that several different weather patterns
influence the climate of the state, and hence its vegetation. In general, higher elevations have cooler
temperatures and receive more precipitation, although local topography has a significant effect on
air movements controlling these factors. Moisture may reach the state from either the Pacific Ocean
or the Gulf of Mexico, depending on current air circulation. Storms originating to the west of the
state drop much of their moisture as rain or snow on the mountains and western-facing slopes; a
rain-shadow effect prevents most of this precipitation from reaching the eastern plains. The
western part of Colorado receives most of its yearly precipitation during winter months. Moisture
from the Gulf of Mexico can produce heavy precipitation on the eastern slope of the divide,
especially in spring and summer, and the plains receive the majority of their annual precipitation
during the growing season. Southern portions of the state generally receive mid- to late-summer
precipitation as the margin of the North American Monsoon moves north.

Geology and soils

The landscape we see today is the product of both past and ongoing geologic processes. The effects
of continental drift, geologic uplifts, volcanic eruption, and erosion have resulted in a highly
complex arrangement of rock and soil types that provide a substrate for Colorado’s native
vegetation. Colorado’s eastern plains are dominated by soils derived from Tertiary (2-65 mya) and
Cretaceous (65-140 mya) sedimentary formations, shaped by the action of flowing water and wind.
In the central portion of the state, the Colorado Rocky Mountains are formed of igneous and
metamorphic rock that is thrust up through the sedimentary layers to the east and west. Here soils
are generally less well developed, except in low-lying areas, where erosion has deposited
substantial soil material. The western plateaus and valleys are also primarily formed in Tertiary
and Cretaceous substrates, and many soils have high concentrations of salts and minerals that
inhibit plant growth. In combination with climate factors, soils are a good indicator of which type of
vegetation will dominate the landscape in a particular area.

Land ownership

Ownership patterns reflect the land use history of the state, and, together with management
practices are an important factor in determining the conservation status of Colorado’s landscape.
Arable lands, especially on the eastern plains and along river drainages, are primarily in private
ownership. Colorado’s mining history has left a legacy of private inholdings within extensive tracts
of public land. Lower elevation lands on the west slope used primarily for grazing, mining, oil and
gas extraction, and recreation are generally administered by the Bureau of Land Management.
Higher elevation (mostly forested) parts of the state are largely under the administration of the U.S.
Forest Service, while National Grasslands administered by the U.S. Forest Service in eastern
Colorado were formed from farmland reclaimed from the ravages of the Dust Bowl days. The
distribution of state-owned land still reflects the school land grant included in the 1875 Enabling
Act for the Territory of Colorado, which provided that two sections of every township (usually
sections 16 and 36) be granted for the support of public schools.

Climate Change Vulnerability Assessment for Colorado BLM 5



About 57% of the state’s surface acres are privately owned, with the remainder in federal, state,
local government, or tribal ownership. Federal public lands account for a little over 36% of
Colorado acreage. The BLM administers 8.4 million acres (13%) of Colorado’s surface acres, as well
as over 29 million acres of sub-surface mineral estate. Other federal lands in Colorado are
administered U.S. Forest Service (22% of state acreage), National Park Service (1%), and other
federal agencies including the U.S. Fish and Wildlife Service, Bureau of Reclamation, and
Department of Defense (<1%). The State of Colorado owns nearly 5% of the acreage, and also holds
about a million acres of sub-surface mineral estate on lands in other ownership. Tribal lands
account for about 1% of Colorado’s acreage, and the remainder is owned by governments at the
county and city level.

Human influence on the landscape

In addition to natural disturbance processes such as fire, wind, and flooding, the effects of human
activities have also changed patterns of disturbance in Colorado. The settlement history of Colorado
has resulted in a pattern of land ownership where public lands are a significant part of the
landscape.

Development

Although industrial, urban, suburban, and exurban development in Colorado are generally not
occurring on public lands, these activities are a source of potential disturbance to adjacent areas.
Colorado’s total population of over 5 million is largely concentrated in the Front Range corridor
from Pueblo north to Fort Collins where 11 counties account for 83% of the state’s population.
Larger cities outside this area include Grand Junction, Montrose, and Durango. A network of
highways, roads, and other transportation corridors, together with utility right-of-ways of various
types connects populated places large and small throughout the state. In spite of the state’s
increasing population, and patchwork of private and public lands, more than 75% of Colorado’s
landscape remains covered by natural vegetation, especially in higher elevation areas.

Resource Extraction and Energy Development

Mining for coal, gold, gypsum, limestone, silver, molybdenum, soda ash, sodium bicarbonate, sand,
gravel, and crushed stone, as well as the extraction of petroleum and natural gas, have had a
significant role in shaping Colorado’s landscape. Energy development is a significant and expanding
activity in Colorado, especially in the natural gas and oil-rich areas of the northern Front Range and
western slope. Beginning in the 1860s, coal and petroleum were the first energy resources to be
developed in Colorado. Together with natural gas and oil shale, these fossil fuels have historically
constituted the majority of energy development in the state. The BLM administers mineral leasing
for all federal lands in Colorado where such rights have not been withdrawn, as well as for split-
estate federal mineral rights under non-Federal lands. As part of its trust responsibility, the BLM
also oversees mineral operations on tribal lands.

Renewable energy facilities have not been developed on BLM lands. Colorado currently has over
1,500 wind turbines in operation, primarily on the eastern plains. Concentrated solar energy
facilities are also being developed in several areas of the state. However, with the projected future

6 Colorado Natural Heritage Program © 2015



growth of these industries, Colorado can expect to see an increase in transmission line construction
that may involve BLM administered lands.

Agriculture

The original grasslands of Colorado’s eastern plains were home to large numbers of grazing animals
including deer, pronghorn, elk and bison. With European settlement, these native grazers were
largely replaced by domestic livestock. Large-scale grazing began in the 1860s, and quickly
expanded as railroads provided access to eastern markets. Both the Bureau of Land Management
and the U.S. Forest Service issue grazing permits for public lands in Colorado, and state-owned
lands may also be leased for grazing. Cattle and associated products form the largest portion of
Colorado’s agricultural cash receipts, followed by field crops (USDA NASS 2015). Around 1900, crop
farming began to expand in the state, with wheat and corn as the primary products. Although
periodic droughts have repeatedly dealt hard blows to farming and ranching in Colorado, these land
uses still make an important contribution to the state’s economy, and have had an undeniable effect
on the arrangement and condition of Colorado’s natural vegetation.

BLM-administered Colorado rangeland is subject to grazing use by permitted livestock operators.
About 2,500 grazing allotments are managed by permits or leases that specify the kind and number
of livestock, season of use, and amount of use permitted each grazing year. Permits or leases are
subject to compliance review and public scoping prior to renewal.

Recreation and Conservation

In recent decades, recreation has become an increasingly important part of land use in Colorado.
From National Parks to local open space lands, increasing numbers of residents and visitors are
drawn to a variety of outdoor activities such as hiking, camping, winter sports, hunting, fishing, and
off-road vehicle use. Paradoxically, recreation on Colorado’s public lands can contribute to both its
conservation and its degradation.

Although the BLM manages public lands for recreation, the agency is also responsible for
preservation of the environment, wildlife and archaeological and paleontological resources;
sustainable natural resource extraction; the visual appeal of public lands; and considering
socioeconomic impacts of management decisions. The BLM’s approximately one million acres of
National Conservation Lands in Colorado include two national monuments, three national
conservation areas, five wilderness areas, 53 wilderness study areas, as well as National Historic
and Scenic Trails. The BLM also a manages a number of Areas of Critical Environmental Concern for
scientific, scenic, ecological, biological, geological, historical and prehistoric values for public
benefit.

Climate Change Vulnerability Assessment for Colorado BLM 7



CLIMATE CHANGE VULNERABILITY ASSESSMENT

Uncertainty in climate change vulnerability assessment

The increasing number of climate change vulnerability assessments tends to indicate that many
entities regard the reality of climate change with a high level of certainty. However, there are a
number of sources that introduce uncertainty of varying degree into these assessments. Frequently
acknowledged sources of uncertainty or variation in projected outcomes are the modeled
components of climate change analysis: the global circulation models, hydrologic models, species
response models, and so on. With all projections of future climate conditions we cannot know with
absolute certainty which, if any, will turn out to be true. Downscaling these models does not remove
inherent uncertainty.

Uncertainty in the context of climate change is not equivalent to complete lack of knowledge.
Current climate models represent the best available science, yet do not all agree. In general, climate
models are understood to have higher levels of certainty about global temperature responses to
forcing factors than they do for precipitation response. Both the direction of response (increase or
decrease) and the magnitude (degrees, inches, etc.) of response of climate factors are variable
among climate models. Currently, consensus about the direction of temperature change
(increasing) is greater than for precipitation. The magnitude of expected change for both factors is
uncertain.

Comparing the vulnerability of ecosystems and species

Although we have estimated the vulnerability to climate change of both ecosystems and the species
that inhabit them in the following chapters, there are differences of both method and scale between
these assessments.

For ecosystems, exposure and sensitivity were combined into a single metric that was paired with a
resilience-adaptive capacity metric in a scoring matrix to produce an overall vulnerability rank.
Species were assessed using the NatureServe Climate Change Vulnerability Index method (Young et
al. 2015), which treats exposure as a modifier of sensitivity and adaptive capacity (i.e., low
exposure discounts sensitivity/adaptive capacity factors, and high exposure amplifies those
factors).

Ecosystems were assessed using the representative concentration pathway (RCP8.5) emissions
scenario method of the IPCC Fifth Assessment Report, while both animal and plant species were
assessed under A2 scenario of the Special Report on Emissions Scenarios (SRES) standards
employed in two previous IPCC reports. This difference is due to the use of the NatureServe CCVI,
which is based on the earlier methodology, for species only. For the mid-century time-frame of our
assessment, the SRES A2 scenario projects CO2 concentration levels and temperature increases that
are slightly lower on average than those projected by the RCP8.5 scenario. However, the two
scenarios are approximately equivalent in that they are based on similar underlying assumptions
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about future demographic and economic trends, and are generally regarded as “worst-case”
scenarios. Neither scenario is considered ‘better’ than the other by the climate science community.

In addition, the correlation of plant and animal species with a single ecosystem is rare, especially
for mobile animal species. Because of this variability, and also because of differences in scale
between individual organism life-cycle factors and landscape level processes, it is possible for the
vulnerability of a particular species to be different from that of its primary ecosystem.

Previous vulnerability assessments in the Colorado region

Prior to the effort reported herein, a number of studies have evaluated vulnerability to changing
climatic conditions in and around Colorado (Table 1.1). Additional reports not included in Table 1.1
have also addressed the vulnerability to climate change of a variety of socio-economic elements.
The listed studies employed an assortment of qualitative and quantitative approaches; a number do
not explicitly address individual habitats or species. Furthermore, spatial scales of listed
assessments differ by one to three orders of magnitude. An element that is considered highly
vulnerable to extinction in a small area may have significantly reduced vulnerability in other
portions of its range. Consequently, a comparison of vulnerability ranking results across these
efforts is problematic. Nevertheless, a few general trends are evident across vulnerability
assessments. Species and habitats of higher elevations are usually considered more vulnerable than
those of mid-elevation areas. Species and habitats that are extremely closely associated with water
resources are generally expected to have higher vulnerability than those in more xeric conditions.
Agreement about vulnerability for some dry mid-to-lower elevation habitats is poor. For instance,
pinyon-juniper woodlands and sagebrush shrublands have received rankings ranging from Highly
Vulnerable to Likely to Increase, depending on the scale, location, and method of assessment. This
disagreement illustrates the importance of attention to scale and time-frame in the development of
management goals and objectives for climate adaptation planning, and highlights areas where
additional research to address well-formulated questions may be needed.

Climate Change Vulnerability Assessment for Colorado BLM 9



Table 1.1. Summary of climate change vulnerability assessments in the Colorado region that have addressed habitats or species.

and Susan Spackman-Panjabi, eds. Colorado Natural
Heritage Program, Colorado State University, Fort Collins,
CO.
http://www.cnhp.colostate.edu/download/documents/201
1/rareplant_SWAP_final_june_30_2011_formattedv2.pdf

Full Citation Area Habitats Species Target Time | Methodology | Vulnerability
Frame & Ranking (see
Emissions code key
Scenario below)
Brown et al. 2008. Climate Change in Rocky Mountain Rocky Mtn. Wetlands, lakes | ---- None given Qualitative No rankings
National Park. National Park & streams, (workshop
http://www.nps.gov/romo/parkmgmt/upload/climate_cha montane, narrative
nge_rocky_mountain2.pdf subalpine, synthesis)
alpine
Ray, A.J., J.J. Barsugli, and K.B. Averyt. 2008. Climate change | Statewide Water Mid-century. Qualitative No rankings
in Colorado: A synthesis to support water resources resources, no CMIP3 B1, (narrative
management and adaptation. Report for Colorado Water individual A1B, A2 synthesis)
Conservation Board. Western Water Assessment habitats ensembles
http://wwa.colorado.edu/publications/reports/WWA_Clim explicitly
ateChangeColoradoReport_2008.pdf addressed
Reiman, B.E. and D.J. Isaak. 2010. Climate change, aquatic Western Stream Native fishes None given Qualitative No rankings -
ecosystems, and fishes in the Rocky Mountain West: Colorado, as environments, (narrative habitat loss or
Implications and alternatives for management. General part of Rocky including synthesis) gain.
Technical Report RMRS-GTR-250. USDA Forest Service, Mtn. west riparian
Rocky Mountain Research Station. Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr250.pdf
Colorado Natural Heritage Program for Rare Plant Statewide - 121 G1 and Mid-century. Quantitative EV/HV/MV/PS/IL
Conservation Initiative. 2011. Colorado Wildlife Action Plan: G2 plants A2 (NatureServe /IE
proposed rare plant addendum. Lee Grunau, Jill Handwerk, Ccevl)
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Full Citation Area Habitats Species Target Time | Methodology | Vulnerability
Frame & Ranking (see
Emissions code key
Scenario below)

Neely, B., R. Rondeau, J. Sanderson, C. Pague, B. Kuhn, J. Gunnison Basin 17 terrestrial 73 species of Mid-century. Qualitative Uplands:

Siemers, L. Grunau, J. Robertson, P. McCarthy, J. Barsugli, T. ecosystems and | conservation CMIP3 A2 - (Manomet- EV/HV/MV/PS/SI.

Schulz, and C. Knapp, Eds. 2011. Gunnison Basin: 7 freshwater concern Barsugli and MADFW, expert | MI/GI/U

Vulnerability Assessment for the Gunnison Climate Working Mearns 2010 opinion), Riparian: H/M/L

Group by The Nature Conservancy, Colorado Natural projected quantitative Species:

Heritage Program, Western Water Assessment, University climate (NatureServe EV/HV/MV/PS/IL

of Colorado, Boulder, and University of Alaska, Fairbanks. scenarios. cevl) /IE

Project of the Southwest Climate Change Initiative.

http://wwa.colorado.edu/publications/reports/TNC-CNHP-

WWA-

UAF_GunnisonClimChangeVulnAssess_Report_2012.pdf

Nydick, K., Crawford, J., Bidwell, M., Livensperger, C., Southwest Sagebrush, oak, | 7 taxonomic Mid-century. Qualitative Decrease — no or

Rangwala, I., and Cozetto, K. 2012. Climate Change Colorado PJ, Ponderosa, groups NARCCAP (narrative little change -

Assessment for the San Juan Mountain Regions, Mixed conifer, (CMIP3 A2) relates to increase

Southwestern Colorado, USA: A Review of Scientific aspen, regional climate

Research. Prepared by Mountain Studies Institute in subalpine, models, and

cooperation with USDA San Juan National Forest Service alpine, riparian, synthesizes

and USDOI Bureau of Land Management Tres Rios Field fens & wet work by others)

Office. Durango, CO. meadows

http://www.mountainstudies.org/s/ClimateResearchRevie

w_SJMs_FINAL.pdf

Woodbury, M., M. Baldo, D. Yates, and L. Kaatz. 2012 Joint North Central Streams 2040 and Quantitative No rankings

Front Range Climate Change Vulnerability Study. Water Colorado 2070. Selected | (models)

Research Foundation and Tailored Collaboration partners. (Headwaters of CMIP3 A2

Denver, CO. http://cwch.state.co.us/environment/climate- South Platte, ensembles

change/Pages/JointFrontRangeClimateChangeVulnerability | Arkansas,

Study.aspx Colorado rivers)

USDA Forest Service, Region 2. UNPUBLISHED. CCVAs for

selected habitats.

Decker, K. and R. Rondeau. 2014. San Juan / Tres Rios Southwest 14 uplandand 3 | --- Mid-century. Qualitative EV/HV/MV/PS/SI

Climate Change Ecosystem Vulnerability Assessment. Colorado (San wetland/ Suite of CMIP5 | (modified /MI/GI/U

Colorado Natural Heritage Program, Colorado State Juan / Tres Rios | riparian RCP4.5 & 8.5 Manomet-

University, Fort Collins, Colorado. management ecosystems models - 3 MADFW, expert

http://www.cnhp.colostate.edu/download/documents/201 | area) scenarios — opinion and

4/SIRA_ecological_systems_vulnerability_analysis_FINAL.p Rangwala narrative

df 2012 synthesis)
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Full Citation Area Habitats Species Target Time | Methodology | Vulnerability
Frame & Ranking (see
Emissions code key
Scenario below)

Handwerk, J., B. Kuhn, R. Rondeau, and L. Grunau. 2014. Southwest -— 60 rare plant Mid-century. Quantitative EV/HV/MV/PS/IL

Climate Change Vulnerability Assessment for Rare Plants of | Colorado (San spp. CMIP3 A2 (NatureServe /IE

the San Juan Region of Colorado. Colorado Natural Heritage | Juan / Tres Rios Ccevl)

Program, Colorado State University, Fort Collins, Colorado. management

http://www.cnhp.colostate.edu/download/documents/201 | area)

4/SanJuan_CCVI_Final_Report.pdf

Lukas, J., J. Barsugli, N. Doesken, |. Rangwala, K. Wolter. Statewide, and Water ——-- Mid-century. Qualitative No rankings

2014. Climate change in Colorado: A synthesis to support specific resources, no CMIP3 and (narrative

water resources management and adaptation, 2nd edition. subregions individual CMIP5, pooled | synthesis)

A report for the Colorado Water Conservation Board. habitats RCPs (4.5 &

Western Water Assessment, Cooperative Institute for explicitly 8.5 discussed)

Research in Environmental Sciences (CIRES), University of addressed

Colorado, Boulder.

http://cwcbweblink.state.co.us/WebLink/0/doc/191995/Ele

ctronic.aspx?searchid=e3c463e8-569c-4359-8ddd-

ed50e755d3b7

Decker, K. and M. Fink. 2014. Colorado Wildlife Action Plan Statewide 13 terrestrial - Mid-century. Quantitative VH/H/M/L

Enhancement: Climate change Vulnerability Assessment. habitats BCCA CMIP5 - | (models —

Colorado Natural Heritage Program, Colorado State RCP6.0 projected range

University, Fort Collins, Colorado. shift)

http://www.cnhp.colostate.edu/download/documents/201

4/CO_SWAP_Enhancement_CCVA.pdf

Pocewicz, A., H.E. Copeland, M.B. Grenier, D.A. Keinath, and | Adjacent to 11 habitat 131 Species Mid-century. Quantitative VH/H/M/L

L.M. Washkoviak. 2014. Assessing the future vulnerability of | Colorado types, largely of greatest A2 (models —

Wyoming’s terrestrial wildlife species and habitats. Report analogous to conservation annual mean

prepared by The Nature Conservancy, Wyoming Game and Colorado types need temperature &

Fish Department and Wyoming Natural Diversity Database. moisture deficit,

http://www.nature.org/media/wyoming/wyoming-wildlife- NatureServe

vulnerability-assessment-June-2014.pdf CCVI)

Gordon, E. and D. Ojima, eds. 2015. Colorado Climate Statewide Broad - Mid-century? Qualitative No rankings - key

Change Vulnerability Study. A report by the University of categories: (narrative vulnerabilities for

Colorado Boulder and Colorado State University to the Alpine, Forests, synthesis) broad categories

Colorado Energy Office.
http://wwa.colorado.edu/climate/co2015vulnerability/co_v
ulnerability_report_2015_final.pdf

and Grasslands
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Full Citation Area Habitats Species Target Time | Methodology | Vulnerability
Frame & Ranking (see
Emissions code key
Scenario below)
Handwerk, J., L. Grunau, and S Spackman-Panjabi, eds. Statewide -— 117 Glor G2 | Mid-century. Quantitative EV/HV/MV/PS/IL
Colorado Wildlife Action Plan: 2015 Rare Plant Addendum. plants CMIP3 A2 (NatureServe /IE
Colorado Natural Heritage Program, Colorado State Ccevl)
University, Fort Collins, Colorado.
http://www.cnhp.colostate.edu/download/reports.aspx
Statewide 16 terrestrial 97 species of | Mid-century. Quantitative Ecosystems:
habitats and 6 conservation NEX-DCP30 — (models —out of | VH/H/M/L
freshwater concern CMIP5 RCP8.5 | range Species:
THIS DOCUMENT (CNHP 2015) groups & CMIP3 A2 conditions, EV/HV/MV/PS/IL
NatureServe /IE
cevl)

Rank

| Definition

NatureServe CCVI http://www.natureserve.org/conservation-tools/climate-change-vulnerability-index (in CNHP RPCI 2011, Neely et al. 2011, Handwerk et al. 2014 & 2015,

CNHP 2015)

EV - Extremely Vulnerable

Abundance and/or range extent within geographical area assessed extremely likely to substantially decrease or disappear by

2050.

HV - Highly Vulnerable

Abundance and/or range extent within geographical area assessed likely to decrease significantly by 2050.

MV - Moderately Vulnerable

Abundance and/or range extent within geographical area assessed likely to decrease by 2050.

PS - Presumed Stable

Available evidence does not suggest that abundance and/or range extent within the geographical area assessed will change
(increase/decrease) substantially by 2050. Actual range boundaries may change.

IL - Not Vulnerable/Increase Likely

Available evidence suggests that abundance and/or range extent within geographical area assessed is likely to increase by

2050.

IE - Insufficient Evidence

Available information about a species' vulnerability is inadequate to calculate an Index score.

Neely et al. (2001), Decker & Rondeau (2014)

EV - Extremely Vulnerable

Ecosystem at risk of being eliminated from the area as a result of climate change.

HV - Highly Vulnerable

Majority of ecosystem at risk of being eliminated (i.e., >50% loss) as a result of climate change, but unlikely to be eradicated
entirely. For riparian, overall loss of system is expected to be > 50% or ecological process is expected to be severely impacted,
e.g., flood frequency occurs 50% less than current flooding regime.

MV - Moderately Vulnerable

Extent of ecosystem at risk of being moderately reduced (<50% loss) as a result of climate change. For riparian, overall loss of
system is expected to be > 50% or ecological process is expected to be severely impacted, e.g., flood frequency occurs 50%

less than current flooding regime.

LV - Low Vulnerability

For riparian only, 0 to 10% loss of area and condition of system remains stable.

PS - Presumed Stable

Extent of ecosystem approximately the same, but there are significant pattern or condition changes within the area.

Sl - Slight Increase

Ecosystem may become established within the basin from areas outside.

MI - Moderate Increase

Extent of ecosystem may expand moderately (<50% gain) as a result of climate change.

Climate Change Vulnerability Assessment for Colorado BLM
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Rank

Definition

Gl - Greatly Increase

Ecosystem may expand greatly (>50% gain) as a result of climate change.

U - Unknown

Vulnerability of ecosystem under climate change is uncertain

Decker & Fink (2014), CNHP (2015)

VH - Very High Vulnerability

Habitats/ecosystems have high vulnerability to climate change when exposure and sensitivity are high, and adaptive capacity
and resilience are low. Transformation of the habitat/ecosystem is most likely to occur in upcoming decades.

HV - Highly Vulnerable

High vulnerability to climate change results from combining either high or moderate exposure-sensitivity with low or medium
adaptive capacity-resilience. Under either combination, climate change is likely to have noticeable impact.

MV - Moderately Vulnerable

Moderate vulnerability to climate change results from a variety of combinations for exposure-sensitivity and adaptive
capacity-resilience. The number of possible combinations indicates a degree of uncertainty in the vulnerability ranking. Under
circumstances where the two factors are essentially balanced, vulnerability is thought to be reduced, but still of concern.

LV - Low Vulnerability

Low vulnerability to climate change occurs when a habitat combines low exposure and sensitivity with high or moderate
adaptive capacity and resilience. For these habitats/ecosystems climate change stress and its effects are expected to be least
severe or absent.

14
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Climate change in Colorado

Annual average temperatures across Colorado have increased by 2.0°F over the past 30 years
(Figure 1.2a). Warmer temperatures are evident for all seasons, and daily high and low
temperatures have also increased (Lukas et al. 2014). In contrast, over the period of record, there
are no comparable trends in average annual precipitation in Colorado (Figure 1.2b), although
snowpack levels have been generally below average since 2000. The decrease in snowpack, along
with warming spring temperatures and the effects of increased dust-on-snow have combined to
shift the timing of snowmelt and peak runoff from 1-4 weeks earlier (Lukas et al. 2014). Flowering
dates for some plant species are over a month earlier than they were a century ago (Munson and
Sher 2015). Drought conditions as measured by the Palmer Drought Severity Index also reflect
warming temperatures and the recent period of below average precipitiation (Figure 1.2c).
Reconstructions of droughts in western North America show a number of droughts prior to the
instrumental record that were more severe and longer lasting than the worst droughts of the past
century (Woodhouse 2004, Stahle et al. 2007, Routson et al. 2011), which illustrates the relatively
narrow view of variability provided by the historical record. Both historic and pre-instrumental-
record droughts have had notable effects on vegetation patterns, and have severely impacted
patterns of human habitation and social interaction (Woodhouse 2004, Benson et al. 2007). The
possibility of future droughts that greatly exceed the most severe droughts of the past millenia can
not be excluded (Cook et al. 2015).

Projections based on 17 models (NASA Earth Exchange Downscaled 30 Arc-Second CMIP5 Climate
Projections dataset for the conterminous U.S., Thrasher et al. 2013), run under RCP8.5 and RCP4.5
for the 30-year period centered on 2050 indicate that all areas of Colorado will experience some
degree of warming, and potentially changes in precipitation as well. Temperature change
projections are regarded as more certain (Barsugli pers. comm.), and there is general agreement
that conditions have already warmed to some degree (Lukas et al. 2014); uncertainty for
temperature change is greater regarding the magnitude of the projected change. In combination
with expected changes in temperature, however, even a wetter future may not be sufficient to
maintain runoff and soil moisture conditions similar to those of the recent past. Climate projections
presented here are summaries of long-term trends and do not track inter-annual variation, which
will remain a source of variability, as it has been in the past. Our ecosystem analysis focused on a
single representative concentration pathway (RCP 8.5) and a limited subset of available global
circulation models; at this point in time we have no way of knowing if this is the scenario that will
be found valid by mid-century. However, in all scenarios, changes that in the past occurred over
periods of several thousand years are now projected to take place in only a hundred years.

Projected changes summarized in Figure 1.3a indicate average seasonal temperature increases of
anywhere from about 3.5-5.8 °F, with mean increases of about 4.1-5.4 °F. Furthermore, minimum
and maximum temperature increases are also projected for all seasons. Somewhat greater
increases are projected under RCP8.5 in comparison with RCP4.5 at mid-century. Winter minimum
temperatures are projected to have greater increases than winter maximum temperatures, but in
all other seasons the greatest increases are projected in maximum temperatures, and the least in
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Figure 1.2. Historical (1990-2014) Colorado statewide trends for (a) annual mean temperature, (b) annual
precipitation, and (c) Palmer Drought Severity Index. Temperature and precipitation are shown as departure from
the mean of base period (1901-2000). Data are from NOAA National Centers for Environmental Information:
http://www.ncdc.noaa.gov/cag/data-info.
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minimum temperatures (Figure 1.3a). Ranges of projected increase for all seasons are broadly
overlapping.

Mean projected precipitation changes are generally less certain than those for temperature, and
may not be outside the range of historic variability, at least by mid-century. Seasonal projected
percent increases in precipitation are on average greatest for winter and spring (Figure 1.3b), while
summer and fall are projected to have decreased or essentially unchanged precipitation. However,
ranges for growing seasons include both increased and decreased precipitation.
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Figure 1.3. Seasonal projected temperature (a) and precipitation (b) changes by mid-21st century (2050; centered
around 2035-2064 period) for Colorado.

For temperature (a), the bottom of each bar represents the 10t percentile, and the top of the bar is the 90™. Mean projected
change is represented by open diamonds. RCP8.5 statewide projected change in average seasonal temperatures are the top
(red) bars, and RCP4.5 are bottom (purple) bars. For precipitation (b), the bottom of each bar represents the 10% percentile, the
middle line is the 50", and the top of the bar is the 90t". RCP8.5 statewide projected percent change in seasonal average
precipitation are the left-hand bars, and RCP4.5 are the right-hand bars. Seasons are: winter=DJF, spring=MAM, summer=JJA,
and fall=SON. A temperature interval of 1°F is equal to an interval of 5/9 degrees Celsius. Climate scenarios used were from the
NEX-DCP30 dataset, prepared by the Climate Analytics Group and NASA Ames Research Center using the NASA Earth Exchange,
and distributed by the NASA Center for Climate Simulation (NCCS).
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TERRESTRIAL ECOSYSTEMS - MEETHODS

Target selection

In consultation with BLM, CNHP identified 16 terrestrial ecosystem types or groups of interest for
BLM management to be assessed (Table 2.1). Terrestrial ecosystem distribution was mapped using
SWReGAP (USGS 2004) for upland ecosystems, and National Wetland Inventory mapping for
riparian and wetland ecosystems (USFWS 1975-2013). The vulnerability of ecosystems was
assessed under two primary headings: exposure-sensitivity, and resilience-adaptive capacity.
Scores for these two factors were combined to obtain an overall vulnerability rank.

Table 2.1. Ecosystems assessed for vulnerability to climate change.

Terrestrial

Forest and Woodland Grassland or herbaceous
Aspen forest Alpine
Lodgepole pine forest Montane grassland
Mixed conifer forest Semi-desert grassland
Pinyon-Juniper woodland Shortgrass prairie

Ponderosa pine forest

Spruce-Fir forest Riparian & Wetland

Riparian woodland & shrubland - Eastern
Shrubland Riparian woodland & shrubland - Mountain
Desert shrubland Riparian woodland & shrubland - Western
Oak & mixed mountain shrubland Wetlands - Eastern
Sagebrush shrubland Wetlands - Mountain
Sandsage shrubland Wetlands - Western

Terrestrial ecosystem responses to climate change

The prediction of potential plant distribution under future climate conditions is based on the
ecological principle that the presence of a species on the landscape is controlled by a variety of
biotic and abiotic factors, in the context of biogeographic and evolutionary history. Biotic
interactions (e.g., competition, predation, parasitism, etc.) together with climate and other abiotic
components act to influence the spatial arrangement of species at local, regional, and continental
scales. Abiotic factors that influence ecosystem processes and species distributions include
temperature, water, carbon dioxide, nutrients, and disturbance regimes (Prentice et al. 1992,
Holling 1992). Water balance, or the difference between precipitation inputs and water loss in the
form of evapotranspiration, runoff, and deep drainage, is a primary determinant of terrestrial
vegetation distribution in the U.S. (Stephenson 1990, Nielson et al. 1992, Nielson 1995).
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Because complete and accurate knowledge of driving factors and history is rarely, if ever, available,
we rely on correlative models that relate observed species distribution with past and recent levels
of climatic variables. The predictive process is further constrained by our inability to measure such
variables accurately on a continuous spatial or temporal scale. As a result, modeling variables are
usually an approximation of the environmental factors that control species distribution, using
available data that are likely only surrogates for the actual controlling factors. Furthermore,
because the rate of vegetation response to environmental shifts is likely to be lower than the rate of
climate change itself, and because relic trees may remain for decades, predictive models are more
useful in identifying the future location of suitable habitat for a species than in predicting the actual
ground cover at a specific time in a particular location. Finally, although we can estimate the
climatic requirements of a given species, and extrapolate from that estimate the eventual
distribution of an ecosystem, it is more difficult to predict vegetation dynamics that are the result of
disturbance events or ecological processes (e.g., drought, fire, snowmelt, herbivory, insect
outbreaks, etc.). These factors are addressed narratively, and evaluated through expert elicitation.
Because of these limitations, we looked at degree of change of climatic variables over an
ecosystem’s current range as a measure of exposure to climate change, rather than attempt to
predict overall changes in distribution.

Exposure and sensitivity assessment — terrestrial ecosystems

We used spatial analysis methods to evaluate the exposure and sensitivity to climate change for
each ecosystem. We used ensemble averages of 800 m NASA Earth Exchange (NEX) Downscaled
Climate Projections (NEX-DCP30) for the Continental US. These averages are based on 34 models
developed for the World Climate Research Programme's (WCRP) Coupled Model Intercomparison
Project Phase 5 (CMIP5). Individual models are listed in Appendix A.

There is general agreement that temperatures throughout Colorado are projected to increase.
Precipitation models are much more variable, and, on average tend to show increasing
precipitation for most of Colorado. However, hydrologic modeling for the Colorado River and other
basins (e.g., Nash and Gleick 1991, 1993) has indicated that, as a generalized rule-of-thumb, for
each 1.8°F (1°C) of warming, an approximate 5% increase in precipitation would be required for
runoff levels to remain unchanged (Solid line in Figure 2.1). With projected mid-century
temperatures increasing 4°F or more, no areas in Colorado are projected to receive sufficient
compensatory precipitation. In order to account for the potential effects of warmer temperatures
on soil moisture availability, and determine the extent to which each ecosystem may be exposed to
effectively drier conditions, we made a conservative application of the above rule, to evaluate how
much of an ecosystem might receive at least a partial (50%) level of compensatory precipitation
(dashed line in Figure 2.1).
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Figure 2.1. Statewide envelope of projected change in annual mean temperature and precipitation under two
emissions scenarios (boxes), in comparison with levels of precipitation increase required to maintain the status
quo.

For each ecosystem, we calculated the proportion of acreage where projected annual mean
temperature for mid-century under RCP 8.5 was greater than any annual mean temperatures
currently experienced by that ecosystem within Colorado, AND projected future precipitation
changes were less than 5% increase over current levels. Ecosystems were scored according to the
scale shown below (Table 2.2). In addition, any ecosystem whose proportion of acreage with
temperatures within the normal range, but with more than 50% of that acreage having projected
future precipitation changes with less than 5% increase over current levels, was bumped to the
next higher exposure category.

[t is important to note that the resulting scores are intended to give a relative, not an absolute
indication of the potential impact of future climate conditions on an ecosystem. That is, a “Low”
score does not mean that an ecosystem is not vulnerable to climate change, but that the analysis
indicates that it may be less vulnerable than those ecosystems with scores of Moderate, High, or
Very High. Furthermore, under the scoring system we used, “Moderate” is a broad category, and all
ecosystems with a Moderate vulnerability rank are not necessarily equally vulnerable.

Table 2.2. Criteria for scoring exposure of terrestrial ecosystems.

Percent Colorado acres with projected

temp > max & ppt delta < 5% 36 -100% 16-35% 0-15%
Initial Exposure-Sensitivity Score _‘ Moderate Low
Percent Colorado acres with temp <=

max & ppt delta < 5% more than 50%? Yes No Yes No Yes No
Final Exposure-Sensitivity Score Mod. Mod Low
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Resilience-adaptive capacity assessment — terrestrial ecosystems

This score summarizes indirect effects and non-climate stressors that may interact with climate
change to influence the adaptive capacity and resilience of an ecosystem. Factors evaluated are
adapted from the methodology used by Manomet Center for Conservation Science and
Massachusetts Division of Fish and Wildlife (MCCS and MAFW 2010), combined under five headings
(Table 2.3). Factors were scored on a scale of 0 (low resilience) to 1 (high resilience).

Table 2.3. Description of factors used to assess resilience-adaptive capacity in terrestrial ecosystems.

Assessment factor Description

Bioclimatic envelope and range | This factor summarizes the expected effects of limited elevational or
bioclimatic ranges for an ecosystem. Suitable conditions for ecosystems at
upper elevations may be eliminated. Ecosystems with narrow bioclimatic
envelopes may be more vulnerable to climate change. Finally, ecosystems
that are at the southern edge of their distribution in Colorado may be
eliminated from the state under warming conditions.

Growth form and intrinsic This factor summarizes the overall ability of the ecosystem’s component
dispersal rate species to shift their ranges in response to climate change relatively quickly.
Characteristics of growth form, seed-dispersal capability, vegetative growth
rates, and stress-tolerance are considered.

Vulnerability to increased This factor summarizes whether expected future biological stressors
impact by biological stressors (invasive species, grazers and browsers, pests and pathogens) have had, or
are likely to have, an increased effect due to interactions with changing
climate. Climate change may result in more frequent or more severe
outbreaks of these stressors. Ecosystems that are currently vulnerable to
these stressors may become more so under climate change.

Vulnerability to increased This factor evaluates characteristics of an ecosystem that make it relatively
frequency or intensity of more vulnerable to extreme events (fire, drought, floods, windstorms, dust
extreme events on snhow, etc.) that are projected to become more frequent and/or intense

under climate change.

Other indirect effects of non- This factor summarizes the overall condition of the ecosystem at the
climate stressors — landscape landscape level across Colorado, and is derived from a landscape integrity
condition score indexing the degree of anthropogenic disturbance (Rondeau et al.

2011, Lemly et al. 2011).

Bioclimatic envelope and range

Each ecosystem was scored for elevational range, southern edge of range, annual precipitation
range, and growing degree days range. Ecosystems restricted to high elevations received a score of
0, other ecosystems scored 1. Likewise, ecosystems at the southern edge of their continental range
in Colorado were assigned a score of 0, and other ecosystems scored 1. Annual precipitation and
growing degree days range were calculated as the proportion of total variable range in Colorado in
which the ecosystem had significant presence mapped. These four scores were averaged to produce
a single score for this factor.
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Growth form and intrinsic dispersal rate

Scores of 0 (low resilience), 0.5 (uncertain or moderate resilience), and 1 (high resilience) were
assigned to each ecosystem based on growth form of the dominant species (i.e., trees scored 0,
shrubs and herbaceous scored 1), and other information derived from the literature regarding the
dispersal abilities of those species.

Vulnerability to increased attack by biological stressors

Beginning with a default score of one, we subtracted 0.2 for vulnerability to potential increased
effects of grazers or browsers, and 0.3 for vulnerability to invasive species. In addition, forest types
with levels of insect mortality sufficient to cause dramatic structural changes over a large area (>1
million acres in Colorado) received a score of 0, and forest types with lower levels of insect
mortality received a starting score of 0.7. Forest scoring was based on cumulative damage totals
from USFS Aerial Surveys (USDA Forest Service 2014).

Vulnerability to increased frequency or intensity of extreme events

Ecosystems not especially vulnerable to increased frequency or intensity of abiotic stressors
received a default score of one. Forest types not adapted to dry conditions were scored 0.5, to
account for increased susceptibility to the combined effects of drought and potentially increased
wildfire, while more drought tolerant forest types scored 0.7. Non-forest ecosystems vulnerable to
drought were scored 0.5, and ecosystems vulnerable only to other abiotic stressors scored 0.9.

Landscape condition
The average value across the statewide landscape integrity models (Rondeau et al. 2011, Lemly et
al. 2011) for each ecosystem was calculated as a value between 0 and 1.

Resilience-adaptive capacity ranking

Scores for the five factors are based on both spatial analysis and literature review. Rankings for this
sub-score are opposite to the direction of the exposure-sensitivity ranking scheme (i.e., a higher
value indicates “better” and a lower value indicates “worse.”) The rounded average of the five sub-
scores determines the final Resilience-Adaptive Capacity score.

Average of Resilience-Adaptive Capacity Scores 0-0.50 0.51-0.70 0.71-1.0

Overall Resilience-Adaptive Capacity Score _ Moderate High

Vulnerability assessment ranking

Overall vulnerability ranking

The Exposure-Sensitivity score and the Resilience-Adaptive Capacity score are combined (Figure
2.2) according to the scheme presented below (Comer et al. 2012) to produce an overall
vulnerability rank for each ecosystem.

Climate Change Vulnerability Assessment for Colorado BLM 27
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- Adaptive Capacity score Vulnerability
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Low

Figure 2.2. Vulnerability ranking matrix.

Very High: Ecosystems have high vulnerability to climate change when exposure and
sensitivity are high, and adaptive capacity and resilience are low. Under these circumstances,
transformation of the ecosystem is most likely to occur in upcoming decades.

High: High vulnerability to climate change results from combining either high or moderate
exposure-sensitivity with low or medium adaptive capacity-resilience. Under either
combination, climate change is likely to have noticeable impact.

Moderate: Moderate vulnerability to climate change results from a variety of combinations for
exposure-sensitivity and adaptive capacity-resilience. The scoring matrix is slightly weighted
toward increased vulnerability in the number of possible combinations which produce a
moderate vulnerability ranking. Under circumstances where the two factors are essentially
balanced, vulnerability is thought to be reduced, but still of concern.

Low: Low vulnerability to climate change occurs when an ecosystem is expected to experience
low exposure and sensitivity in combination with high or moderate adaptive capacity and
resilience. For these ecosystems climate change stress and its effects are expected to be least
severe or absent.
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TERRESTRIAL ECOSYSTEMS - RESULTS

Overview of terrestrial ecosystems

Change in temperature and precipitation by mid-century

Under the most severe scenario ecosystems evaluated herein are projected to experience annual
mean temperatures that are 5-6°F warmer than in the recent past; at the same time future
precipitation levels are not projected to increase sufficiently to compensate even partially for
increased moisture loss due to warmer temperatures (dashed line in Figure 2.3).

(a) (b)
20% 20%
Compensatory precipitation level

== == Partial compensation

- Range of rcpd5 ensemble means within Colorado

@ Ecosystem means (green=low, orange=moderate, red=high potential impact)

15%

g

Percent change in annual precipitation
Percent change in annual precipitation
l

108 10%
Lodgepole ot g i ————————p
| ____..__a——.:_.—"'i___ _____ -
- o o fp
o Spruce-Fir @ Sagebrush @Riparian Mtn
ineg @ F . i
pine g @ASpPEN oot desert —
@ Grasslands . Wetland Mtn @ @ Riparian Wes|
% 1 Mantane () ® Dak-Shrub 3% i
Grasslands Mixed Conifer © L ] it Wetland West
) Ponderosa _ Pinyon-luniper Wetland East
Sandsage . A
nreee Desert Shrubland Riparian East
Shortgrass
0% | 0%
5% -5%
5 51 5.2 53 54 55 56 57 58 59 [ 5 51 5.2 53 54 55 56 57 58 59 6
Increase in annual mean temperature (“F) Increase in annual mean temperature (°F)

Figure 2.3. Projected annual change in Colorado for (a) upland ecosystems, and (b) wetland and riparian
ecosystems. Ecosystem means are colored to indicate the degree to which the ecosystem is projected to
experience conditions that are out of range of those in its current statewide distribution.

Resilience factors
Results for individual resilience factors are shown in Figure 2.4 and discussed in detail below.
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Figure 2.4. Comparison of scores by ecosystem for (a-e) individual resilience factors, and (f) overall resilience —
adaptive capacity score. Background colors reflect the low (red), moderate (orange), and high (green) resilience

categories.

Elevation range and relative abundance
Together with range extent and bioclimate envelope (below), we considered elevation as a factor
that might detract from the resilience of an ecosystem. Ecosystem elevations in Colorado range
from about 3,500 ft to nearly 14,000 ft (Figure 2.5). The extreme highest elevations are non-
vegetated. Low elevations are occupied by grassland, shrubland, and woodland ecosystems
dominated by species adapted to lower precipitation and warm conditions. A number of montane
to sub-alpine ecosystems are clustered together at middle elevations from about 7,000-10,000 ft. At
higher elevations, subalpine forest and alpine vegetation occupy fairly distinct elevational zones.
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Figure 2.5. Area of ecosystems mapped at various elevations in Colorado.

Bioclimatic envelope

Temperature and precipitation variables were used to characterize the current bioclimatic
envelope for each terrestrial ecosystem. A combined precipitation and temperature space is shown
for each of the 14 upland ecosystems in Figure 2.6. Because precipitation and temperature are
highly correlated with elevation, patterns are similar to those shown under elevation range above.
Desert shrubland occupies the driest bioclimatic envelope, while sandsage and shortgrass prairie
are the warmest. Statewide, ponderosa, oak-shrub and sagebrush shrubland are closely related in
bioclimatic space, and show substantial overlap with the warmer and drier pinyon-juniper and
semi-desert grassland. Above these warmer and drier ecosystems, mixed conifer, aspen, and
lodgepole forest share a mid-elevation envelope with montane grasslands. The coldest, wettest
environments are occupied by alpine types, with spruce-fir forest intermediate between the middle
group and these habitats.

Historic temperature ranges for winter minimums and summer maximums for each upland
ecosystem are shown in Figure 2.7, and illustrate the same relationship to elevation as do the other
climate variables. The geographic area currently occupied by each ecosystem in Colorado is likely to
experience a shift toward warmer temperatures, with the result that bioclimatic envelopes will shift
toward higher elevations. The acreage that falls within a particular temperature range will be
reduced for cooler temperatures and increased for warmer temperatures.
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The overall elevation, range, and bioclimate envelope results are shown in Figure 2.4a.
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Figure 2.6. Bioclimatic envelope as represented by annual precipitation and mean temperature for ecosystems in
Colorado. Error bars represent the 10-90% range around the mean.
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Figure 2.7. Minimum winter and maximum summer temperature ranges for ecosystems in Colorado. Boxes
represent the middle quartiles, while whiskers show the 10-90% range.

Intrinsic dispersal rate

Most characteristic species of forest or woodland ecosystems do not produce large numbers of
seedlings or spread quickly via vegetative growth. With the exception of aspen and Gambel oak,
forest and woodland tree species are typically slow growing, with limited dispersal ability. Past
migration rates for North American tree species in the current interglacial have been estimated at
tens to several hundreds of meters per year. Although the currently observed distribution of a
species is likely to lag behind current climate conditions, future conditions are predicted to require
migration rates one to five kilometers per year in order for species to keep up with suitable habitat
conditions (Roberts 2013). Shrub and grass-dominated ecosystems are somewhat better adapted to
spread into available habitat through relatively rapid vegetative growth. Barriers to ecosystem
movement in Colorado are primarily those due to elevational gradients or habitat fragmentation,
although soil type is likely to influence dispersal and establishment patterns through variable
water-holding capacity. Ecosystem ranks for this factor are shown in Figure 2.4b.
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Biological stressors

Biological stressors for ecosystems in Colorado include forest pests and pathogens, invasive
species, incompatible domestic livestock grazing, and changes in patterns of native ungulate
herbivory. Ecosystem ranks for this factor are shown in Figure 2.4c.

Native insects that cause tree damage and mortality include bark beetles (Dendroctonus spp., Ips
spp.), western spruce budworm (Choristoneura occidentalis), and tent caterpillars (Malacosoma
spp.). Armillaria root disease is a significant cause of mortality in conifer species. Pinyon are
susceptible to the fungal pathogen Leptographium wageneri var. wageneri, which causes black stain
root disease. Five-needle pines, including limber and bristlecone, are threatened by white pine
blister rust (WPBR) infection caused by the introduced fungus Cronartium ribicola.

Exotic invasive plant species with the potential to alter ecosystem functioning that are regionally
widespread in Colorado include cheatgrass (Bromus tectorum), knapweed (Acroptilon and
Centaurea spp.) Russian olive (Elaeagnus angustifolia) leafy spurge (Euphorbia esula), and tamarisk
(Tamarix ramosissima). Canada thistle (Cirsium arvense) and musk thistle (Carduus natans) are also
widespread, and other, less prevalent problem species include oxeye daisy (Leucanthemum
vulgare) and yellow toadflax (Linaria vulgaris). Mountain grasslands, low elevation shrubland, and
riparian/wetland ecosystems are most affected.

Together with livestock grazing, overabundance of native ungulates (e.g., deer and elk) and feral
burros or horses can alter vegetation, soils, hydrology, and wildlife species composition and
abundances in ways that intensify the effects of climate change on these resources (Beschta et al.
2013). For terrestrial ecosystems, the projected combination of increasing drought, higher
temperatures, earlier snowmelt, and precipitation variability interacting with the effects of
ungulate use can result in decreased biodiversity, reduced soil moisture, accelerated soil and
nutrient loss, and increased sedimentation (Beschta et al. 2013).

Extreme events

Extreme events that may increase in frequency and/or severity under changing climatic conditions
include drought, wildfire, flooding/erosion, and windstorms. Ecosystem ranks for this factor are
shown in Figure 2.4d.

Prolonged drought has been a periodic influence in the western United States, including Colorado
(Woodhouse 2004). Ecosystems of lower elevations are generally drought tolerant, although
species composition within an ecosystem is likely to shift with changing climate patterns. Although
we scored vulnerability to abiotic events as distinct from biological stressors, the interaction of
wildfire and drought with the effects of these factors, especially forest mortality agents like bark
beetles, blurs the distinction somewhat. The species that characterize Colorado’s ecosystems have
varying tolerance to drought, however, it is likely that all species are less resistant to the effects of
herbivory, pests, and pathogens when under drought stress. Widespread prevalence of drought-
stressed trees may provide enhanced conditions for stand-replacing events such as fire or insect
outbreak (DeRose and Long 2012). Ecosystems of higher, wetter elevations have generally been
“climate-limited,” with high fuel loads, but rarely having dry climate conditions suitable for fire
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spread. Lower, more mesic ecosystems have been characterized as “fuel-limited,” with conditions
frequently suitable for fire, but low fuel loads unless prior years have been wet (Whitlock et al.
2010). With warmer temperatures and more frequent drought, higher elevation forests with
abundant fuels may have increased fire frequency, while lower elevation grassland and shrubland
ecosystems become more fuel-limited with reduced biomass production (Arnold et al. 2014).

Although there are no overall precipitation increase trends associated with recent warming, there
is evidence that extreme precipitation events have increased in frequency over the past several
decades (Walsh et al. 2014). Warmer air and ocean temperatures allow the atmosphere to hold
more moisture, which can result in heavy precipitation, causing more extreme flooding and erosion
events, even if annual precipitation totals decline. Although future trends in storm occurrence are
uncertain, an increase in frequency of severe storms could increase the frequency of windthrow
events in forested areas.

Non-climate abiotic stressors

The combined effects of human actions that fragment landscapes, alter natural processes, reduce
biodiversity, and degrade environmental quality are likely to reduce the resilience of complex
adaptive ecosystems to regime shifts under changing climate conditions (Folke et al. 2004). The
cumulative effects of anthropogenic disturbance in Colorado are due to habitat fragmentation and
conversion due to agricultural use as well as industrial, residential, resource, and recreational
development activities. Our scoring assumes that ecosystems with higher levels of anthropogenic
disturbance are likely to be less resilient to disturbance of any kind under future climate conditions.
Ecosystems of the highest elevations, which are generally in public ownership, had the highest
resilience rating for this factor, while ecosystems of valley bottoms, or those otherwise fragmented
by land use had poor resilience ratings (Figure 2.4e).

Ecosystem vulnerability ranks

Four of the 20 ecosystems or regional ecosystem subgroups assessed have an overall vulnerability
rank of High, and one is ranked Very High (Table 2.4). In general, ecosystems of the eastern plains
have the greatest exposure to change, and those of higher elevations have lower exposure. Under a
longer time-frame, high elevation areas would be subject to increased exposure. Most ecosystems
were assessed as having moderate resilience. A summary of climate change vulnerability analysis
(CCVA) details for each ecosystem is provided below, beginning on page 42.
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Table 2.4. Vulnerability rank summary for all assessed terrestrial ecosystems.

Riparian woodland & shrubland - west

Wetlands - east

Wetlands - mountain

Moderate

Moderate

Exposure - Resilience - . Overall

Ecosystem Target Sensitivity final | Adaptive Capacity Combined vulnerability

ranking final ranking ranks rank
Forest and Woodland
Aspen forest Low High L/H Low
Lodgepole pine forest Low L/L Moderate
Mixed conifer forest Moderate Moderate M/M Moderate
Pinyon-Juniper woodland Moderate ‘
Ponderosa pine forest Moderate Moderate M/M Moderate
Spruce-Fir forest Low - L/L Moderate
Shrubland
Desert shrubland Moderate Moderate M/M Moderate
Oak & mixed mountain shrub Low High L/H Low
Sagebrush shrubland Low Moderate L/M Low
Sandsage shrubland g High H/H Moderate
Grassland or Herbaceous
Alpine Low Moderate L/M Low
Montane grassland Moderate High M/H Moderate
Semi-desert grassland Low High L/H Low
Shortgrass prairie _ Moderate H/M
Riparian & Wetland
Riparian woodland & shrubland - east ’ﬁ Moderate H/M
Riparian woodland & shrubland - mountain Low Moderate L/M

Moderate

M/M

Very High

Moderate

Wetlands - west

Moderate

Moderate

M/M

Moderate

Conclusions

All ecosystems are likely to be affected to some extent by climate change. Ecosystems with low

exposure and high resilience could be the beneficiaries of future conditions, while those with high

exposure and low resilience are likely to experience range contractions and/or significant changes

in species composition and overall condition. The majority of habitat types were ranked with low or
moderate vulnerability in our analysis, however, the gradations of moderately vulnerable, and the
transition to highly vulnerable are less clear than the separation between low and moderate

vulnerability. The methods used to combine estimated exposure and resilience scores leave a large
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middle ground which can be affected by uncertainty in climate projections, current knowledge, and
ongoing management actions.

By mid-century, under both moderate and high radiative forcing scenarios (RCP4.5 and RCP8.5), we
can expect to see warmer temperatures statewide, especially on the eastern plains. Warmer
temperatures are likely to include more heat waves, fewer cold snaps, and generally extended frost-
free periods. Although these conditions could benefit many species if precipitation remains
adequate, the warming trend is likely to be accompanied by effectively drier conditions in many
areas. Even if precipitation levels at higher elevations are essentially unchanged, warmer
conditions will lead to more precipitation falling as rain instead of snow, a decreased snowpack,
earlier runoff, and earlier dry conditions in late summer (Lukas et al. 2014). All of these factors may
interact with stressors such as fire, forest pests and diseases, drought, and anthropogenic
disturbance to alter the future trajectory of a particular ecosystem.

Comparison of the recent historical values of climate variables with projected values within the
current Colorado distribution of the terrestrial ecosystems (Figures 2.8 and 2.9) indicates seasonal
differences in degree and direction of projected changes in temperature and precipitation. For
instance, ecosystems of higher elevations are projected to experience a greater increase in winter
precipitation than those of lower elevations, although the amount of warming is similar for all
elevations. Projected changes in summer precipitation are generally less than for winter, with some
ecosystems seeing a slight increase and others a slight decrease.

The interaction of climatic conditions with other environmental factors and biogeographic history
shapes the distribution of ecosystems that we currently observe. Furthermore, the time lag
between when climate conditions become suitable or unsuitable for a species and the eventual
colonization or elimination of that species in an area adds another level of uncertainty to
projections of future distribution. Climate changes over the past few decades are probably already
facilitating a gradual shift of ecosystems that will become more apparent by mid-century.

Our analysis of the range of future uncertainty focused on “worst case” (RCP 8.5) outcomes in order
to provide a vulnerability prioritization of key ecosystems that will facilitate a pragmatic “no-
regrets” planning strategy for BLM staff dealing with the ongoing effects of climate change in
Colorado.
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TERRESTRIAL ECOSYSTEM CCVA SUMMARIES

Forest and Woodland

Table 2.5. Key vulnerabilities, forest and woodland ecosystems.

temperatures

range contraction

Habitat Climate factor(s) Consequences Other considerations
Aspen Warmer and dry conditions | Aspen decline, especially at | May benefit from fire
lower elevations increase, small patches in
conifer forest may expand
after conifer mortality
Lodgepole Drought, warmer Fire and insect outbreak;

Mixed Conifer

Warmer and dry conditions

Change in relative species
abundance or conversion to
other type

Diverse species composition
makes it likely that some
species will thrive

Pinyon-juniper

Warmer and dry conditions

Change in relative species
abundance favoring juniper;
fire and insect outbreak;
reduced pinyon pine cone
production

Soil types affect distribution

Ponderosa Drought Fire and insect outbreak Wildland-Urban Interface
complicated management
Spruce-fir Drought Fire and insect outbreak Slow dispersal, short
growing season increases
vulnerability over time
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ASPEN

Forests and woodlands dominated by quaking aspen

R. Rondeau extent exaggerated for display

Climate Vulnerability Rank: Low

Vulnerability summary

Key Vulnerabilities: Hot and dry conditions are likely to lead to aspen decline and mortality at the

lowest elevations. However, small aspen patches in conifer forest may benefit from fire increase and

expand following conifer mortality.

Overall exposure to warmer and effectively drier conditions is
low for this ecosystem in Colorado; stands at lower elevations are
most at risk. These forests are moderately resilient, and in
generally good condition. Aspen dynamics are variable across the
west, depending on both spatial and temporal scales
(Kulakowski, Kaye, and Kashian 2013); as a result there is much
uncertainty about the future distribution of this species. Low
elevation stands impacted by drought are likely to experience
dieback, but in other areas the interaction of changing climate
and disturbance regimes may favor aspen (Kulakowski,
Matthews, Jarvis, and Veblen 2013).

Distribution

Annual average precipitation (in)

® Historic Projected mid-century
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Quaking aspen (Populus tremuloides) has the largest distribution of any tree native to North
America (Little 1971). The range of this species has expanded dramatically since the end of the last
glacial maximum, during which the greater part of its range was covered by the Cordilleran and

Laurentide ice sheets. This widespread ecosystem occurs throughout much of the western U.S. and
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north into Canada, although it is more common in the montane and subalpine zones of the southern
and central Rocky Mountains. These are upland forests and woodlands dominated by quaking
aspen, or forests of mixed aspen and conifer, occurring as a mosaic of varying plant associations
and adjacent to a diverse array of other ecosystems, including montane grasslands and shrublands,
wetlands, and coniferous forests. In Colorado this system ranges in elevation from about 7,500 to
10,500 feet, and is quite common on the west slope, with smaller stands represented on the east
slope.

Characteristic species

These forests have a somewhat closed canopy of trees of 15-65 ft (5-20 m) tall, dominated by
quaking aspen. A few conifers may be present including white fir (Abies concolor), subalpine fir
(Abies lasiocarpa), Engelmann spruce (Picea engelmannii), blue spruce (Picea pungens), ponderosa
pine (Pinus ponderosa, ) and Douglas-fir (Pseudotsuga menziesii). If conifers make up more than
15% of the tree canopy the occurrence is generally considere a mixed conifer stand.

The aspen canopy typically allows sufficient light penetration for the development of a lush
understory. Understories are highly variable and may be dominated by shrubs, graminoids, or
forbs. Common shrubs include Rocky Mountain maple (Acer glabrum), Saskatoon serviceberry
(Amelanchier alnifolia), mountain big sagebrush (Artemisia tridentata ssp. vaseyana),common
juniper (Juniperus communis), chokecherry (Prunus virginiana), Wood’s rose (Rosa woodsii), russet
buffaloberry (Shepherdia canadensis),mountain snowberry (Symphoricarpos oreophilus), and the
dwarf-shrubs creeping barberry (Mahonia repens) and whortleberry (Vaccinium spp.). Common
graminoids include pinegrass (Calamagrostis rubescens), dryspike sedge (Carex siccata), Geyer's
sedge (Carex geyeri), Ross' sedge (Carex rossii), blue wildrye (Elymus glaucus), slender wheatgrass
(Elymus trachycaulus), Thurber fescue (Festuca thurberi), and needle-and-thread (Hesperostipa
comata). Exotic grasses such as the perennials Kentucky bluegrass (Poa pratensis) and smooth
brome (Bromus inermis) and the annual cheatgrass (Bromus tectorum) are often common in
occurrences disturbed by grazing. Associated forbs may include common yarrow (Achillea
millefolium), Engelmann's aster (Eucephalus engelmannii), larkspur (Delphinium spp.), Richardson's
geranium (Geranium richardsonii), common cowparsnip (Heracleum maximum), Porter's licorice-
root (Ligusticum porteri), silvery lupine (Lupinus argenteus), sweetcicely (Osmorhiza berteroi),
western brackenfern (Pteridium aquilinum), Fendler's meadow-rue (Thalictrum fendleri), western
valerian (Valeriana occidentalis), American vetch (Vicia americana), mule-ears (Wyethia
amplexicaulis), and many others.

Environment

Rangewide elevations generally range from 5,000-10,000 feet (1,525 to 3,050 m), but can be lower
in some regions. Topography is variable, sites range from level to steep slopes. Occurrences at high
elevations are restricted by cold temperatures and are found on warmer southern aspects. At lower
elevations occurrences are restricted by lack of moisture and are found on cooler north aspects and
mesic microsites. The soils are typically deep and well developed with rock often absent, and
texture ranges from sandy loam to clay loams. Parent materials are variable and may include
sedimentary, metamorphic or igneous rocks, but this type appears to grow best on limestone,
basalt, and calcareous or neutral shales (Mueggler 1988).
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Distribution of aspen forest is primarily limited by adequate soil moisture required to meet its high
evapotranspiration demand, and secondarily is limited by the length of the growing season or low
temperatures. Climate is temperate with a relatively long growing season, typically cold winters
and deep snow. Mean annual precipitation is greater than 15 in (38 cm) and typically greater than
20 in (50 cm), except in semi-arid environments where occurrences are restricted to mesic
microsites such as seeps or areas that accumulate large snow drifts.

Dynamics

Aspen is extremely shade intolerant, and able to establish quickly over a disturbed open area due to
its ability to reproduce by vegetative sprouting (Howard 1996). The tufted seed capsules produced
by mature aspen trees are amenable to wind dispersal over a considerable distance. Although
quaking aspen establishment from seed is common in Alaska, northern Canada and eastern North
America, this is less true in the western US, probably because germinated seedlings do not receive
sufficient moisture for survival (Kay 1993). There is conflicting evidence for the frequency of
seedling establishment in the western US, however, and quaking aspen may establish from seed
more frequently than previously thought (Howard 1996, Romme et al. 1997).

There is some evidence for synchronous aspen stand establishment events over a large area of the
intermountain west. Kaye (2011) identified two peak periods of establishment via sexual
reproduction, the first in the period 1870-1890, and the other in 1970-1980. She speculates that the
earlier establishment event may be the legacy of the last large fire events before widespread fire
suppression in the intermountain west. The second establishment peak corresponds with improved
moisture conditions due to a shift in the Pacific Decadal Oscillation and the Atlantic Multidecadal
Oscillation. Elliot and Baker (2004) found that aspen stands in the San Juan Mountains are
regenerating and increasing in density. Furthermore, they believe that aspen increase at treeline is
occurring as a result of establishment from seed. Although quaking aspen produces abundant seeds,
seedling survival is rare because the long moist conditions required to establish them are rare in
these habitats. Superficial soil drying will kill seedlings (Knight 1994).

Aspen forests and woodlands often originate from, and are likely maintained by, stand-replacing
disturbances such as crown fire, disease and windthrow, or clearcutting by man or beaver. The
stems of these thin-barked, clonal trees are easily killed by ground fires, but they can quickly and
vigorously resprout in densities of up to 30,000 stems per hectare (Knight 1994). The stems are
relatively short-lived (100-150 years), and the occurrence will succeed to longer-lived conifer
forest if undisturbed. Occurrences are favored by fire in the conifer zone (Mueggler 1988). With
adequate disturbance a clone may live many centuries.

Although aspen is not fire tolerant, it is highly competitive in burned areas if other conditions are
suitable. Aspen clones survive in the understory of cool, moist mixed conifer and low elevation
spruce-fir, and can respond quickly to disturbances. In stands affected by multiple disturbance
types (e.g. fire, blow down, beetle-kill), aspen regeneration may be favored over that of conifers
(Kulakowski, Matthews, Jarvis, and Veblen 2013).
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CCVA Scoring

Exposure-Sensitivity (Potential Impact) Rank

Percent Colorado acres with projected temp > max & ppt delta < 5% 0.2%
Initial Exposure-Sensitivity Rank Low
Percent Colorado acres with temp <= max & ppt delta < 5% more than 50%? No (36.0%)
Final Exposure-Sensitivity Rank Low

Exposure to temperature change
Under projected mid-century temperatures, less than 1% of the current range of aspen forest in
Colorado would experience annual mean temperatures above the current statewide maximum.

Exposure to precipitation change
About 36% of aspen forest ecosystem in Colorado will be exposed to effectively drier conditions
even under unchanged or slightly increased precipitation projected for mid-century.

Sensitivity of ecosystem to temperature and precipitation

Quaking aspen is able to grow on a wide variety of sites, both dry and mesic (Mueggler 1988).
Climatic conditions, in particular minimum winter temperatures and annual precipitation amounts
are variable over the range of the species (Howard 1996). In general, quaking aspen is found where
annual precipitation exceeds evapotranspiration, and the lower limit of its range coincides with a
mean annual temperature of 45°F (Perala 1990). In the central Rocky Mountains, quaking aspen
distribution is highly correlated with elevation, due to its influence on temperature and
precipitation patterns. In the Rocky Mountains stands generally occur where annual precipitation is
greater than 14.9 in (38 cm) per year (Morelli and Carr 2011) and summer temperatures are
moderate.

Resilience and Adaptive Capacity Rank
Overall Score: 0.71 Rank: High

Bioclimatic envelope and range
Averaged category score: 0.76

Aspen forests are not found at alpine elevations, but stands are common throughout central and
western Colorado at montane to subalpine elevations. Aspen forests have significant presence in
63% of Colorado’s overall precipitation range, and in 40% of the state’s growing degree days range.
Quaking aspen is very widely distributed in North America, and the southern limit of its range is
currently well to the south of Colorado.

Growth form and intrinsic dispersal rate
Score: 0.50

46 Colorado Natural Heritage Program © 2015



Quaking aspen is a relatively fast growing species, and able to quickly colonize disturbed areas by
vegetative reproduction. However, due to its tree growth form, and uncertainty about seed
dispersal rates, this ecosystem was scored as having intermediate resilience in this category.

Vulnerability to increased attack by biological stressors
Score: 0.8

Vulnerability of aspen to pathogens and herbivores, and subsequent aspen mortality may be
increased by climate change if drought and warmer conditions increase environmental stress
(Morelli and Carr 2011). Heavy grazing by elk in combination with drought appears to be leading to
decline in some areas (Morelli and Carr 2011). Stress from grazing could be mitigated by
management actions. Canker infections, gypsy moth, and forest tent caterpillar outbreaks are
tightly associated with drier and warmer conditions (Cryer and Murray 1992, Johnston 2001, Logan
2008, Hogg et al. 2001).

Vulnerability to increased frequency or intensity of extreme events
Score: 0.7

Aspens have increased susceptibility to episodic decline at lower elevations, under warm and dry
conditions (Worrall et al. 2008). This aspen dieback (sometimes called Sudden Aspen Decline)
appears to be related to drought stress, and is typically greatest on the hotter and drier slopes,
which are usually at the lowest elevations of a stand (Rehfeldt et al. 2009). Stands may undergo
thinning, but then recover. Increasing drought with climate change is believed to be the primary
vulnerability of this ecosystem (Worrall et al. 2013), and substantial loss of this type can be
expected. The effects of drought are likely to interact with other stressors such as outbreaks of
pests and disease, snowmelt timing, and ungulate herbivory.

The interaction of climate change with natural disturbance may also affect the future distribution of
aspen. Although aspen is not fire tolerant, it is likely to establish in adjacent forests that have
burned, if other conditions are suitable.

Other indirect effects of non-climate stressors — landscape condition
Score: 0.77

Aspen forests in Colorado are in good condition and not highly threatened. Much of Colorado’s
aspen forest is on federal lands managed by the U.S. Forest Service. Primary human activities in this
ecosystem include cattle and sheep grazing, recreation, and hunting. Some aspen stands are cut for
timber products. Threats to the aspen forests and woodlands are comparatively low.
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LODGEPOLE

Forests dominated by lodgepole pine

R. Rondeau extent exaggerated for display

Climate Vulnerability Rank: Moderate

Vulnerability summary

Key Vulnerabilities: Warmer and drier conditions are likely to increase the impact of fire and insect
outbreaks in lodgepole forests. Lodgepole stands near the southern end of the range may be lost.

Lodgepole pine forest is ranked moderately vulnerable to the ® Historic —— Projected mid-century
effects of climate change by mid-century. Primary factors ”

contributing to this ranking are its vulnerability to forest
disturbances that may increase in the future, and the fact that it is
at the southern edge of its distribution in Colorado. Lodgepole
forests in Colorado have experienced significant mortality due to
the mountain pine beetle, and the interaction of this factor with
increased fire and drought frequency and intensity could lead to
conspicuous changes in the future extent and form of these 0 —— - -
forests. 2 Annue;?averag: ?emperaigre (°F) .

40

Annual average precipitation (in)

Distribution

This matrix forming system is widespread in upper montane to subalpine elevations of the Rocky
Mountains, Intermountain region, and north into the Canadian Rockies. Lodgepole pine reaches the
southern extent of its range at about the middle of the upper Gunnison Basin (Johnston 1997), so
this ecosystem is not found in southern Colorado.

50 Colorado Natural Heritage Program © 2015




Characteristic species

These forests are dominated by Rocky Mountain lodgepole pine (Pinus contorta var. latifolia) with
shrub, grass, or barren understories. Many stands consist of only lodgepole pine, but others are
intermingled with mixed conifer or quaking aspen stands (the latter occurring with inclusions of
deeper, typically fine-textured soils). Shrub and herbaceous layers are often poorly developed in
lodgepole pine forests, and plant species diversity is low. Some common understory shrubs include
kinnikinnick (Arctostaphylos uva-ursi), snowbrush ceanothus (Ceanothus velutinus), twinflower
(Linnaea borealis), creeping barberry (Mahonia repens), antelope bitterbrush (Purshia tridentata),
dwarf bilberry (Vaccinium caespitosum), whortleberry (Vaccinium myrtillus), grouse whortleberry
(Vaccinium scoparium), and currant (Ribes spp.).

Environment

Soils supporting these forests are typically well-drained, gravelly, have coarse textures, are acidic,
and rarely formed from calcareous parent materials. In Colorado, lodgepole pine forests generally
occur between 8,000-10,000 feet on gentle to steep slopes on all aspects. Some lodgepole forests
persist on sites that are too extreme for other conifers to establish. These include excessively well-
drained pumice deposits, glacial till and alluvium on valley floors where there is cold air
accumulation, warm and droughty shallow soils over fractured quartzite bedrock, and shallow
moisture-deficient soils with a significant component of volcanic ash.

Dynamics

Lodgepole pine is an aggressively colonizing, shade-intolerant conifer. Establishment is episodic
and linked to stand-replacing disturbances, primarily fire. The frequency of natural fires in Rocky
Mountain lodgepole pine stands ranges from a few years to 200 or more years (Davis et al. 1980).
Low to moderate serverity surface fires are likely to have a return interval on the order of a few
decades, while stand-replacing fires are generally less frequent (Crane 1982).

Lodgepole pines produce both open and closed, serotinous cones, and can reproduce quickly after a
fire. Following stand-replacing fires, lodgepole pine rapidly colonizes and develops into dense,
even-aged stands (sometimes referred to as “dog hair” stands). This fire-adapted species has the
potential to move into areas where spruce-fir forests burn. The production of serotinous cones is a
highly heritable trait among Rocky Mountain lodgepole pine populations (Parchman et al. 2012).
Serotinous cones appear to be strongly favored by fire, and allow rapid colonization of fire-cleared
substrates (Burns and Honkala 1990), but serotiny is also selected against by continuous removal
of the canopy seed-bank by active seed predators (Benkman and Siepielski 2004). Trees with
serotinous cones are favored under conditions of high fire frequency and low predation, but
nonserotiny has an advantage under very high seed predation, regardless of fire frequency (Talluto
and Benkman 2014).
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CCVA Scoring

Exposure-Sensitivity (Potential Impact) Rank

Percent Colorado acres with projected temp > max & ppt delta < 5% 0%
Initial Exposure-Sensitivity Rank Low
Percent Colorado acres with temp <= max & ppt delta < 5% more than 50%? No (7.3%)
Final Exposure-Sensitivity Rank Low

Exposure to temperature change

Under projected mid-century temperatures, less than 1% of the current range of lodgepole pine
forest in Colorado would experience annual mean temperatures above the current statewide
maximum.

Exposure to precipitation change
About 7% of lodgepole forest ecosystem in Colorado will be exposed to effectively drier conditions
even under unchanged or slightly increased precipitation projected for mid-century.

Sensitivity of ecosystem to temperature and precipitation

Lodgepole pine is tolerant of very low winter temperatures, and in many lodgepole forests summer
temperatures can fall below freezing, so there is no true frost-free season (Lotan and Perry 1983).
Lodgepole pine is also able to take advantage of warm growing season temperatures, and a longer
growing season due to warmer fall temperatures could favor the growth of lodgepole pine (Villalba
et al. 1994, Chhin et al. 2008). In southern Colorado, white fir (Abies concolor) appears to take the
place of lodgepole pine in coniferous forests of similar elevations. White fir appears to tolerate
warmer temperatures than lodgepole pine (Thompson et al. 2000); under warmer conditions it
may be able to move into areas currently occupied by lodgepole forest.

Lodgepole pine is a northern species that does exceptionally well in very cold climates and can
tolerate a wide range of annual precipitation patterns, from fairly dry to fairly wet, but generally
grows only where annual precipitation is at least 18-20 inches (Mason 1915, Lotan and Perry
1983). Lodgepole pine forests are found on drier sites than spruce-fir forest, although snowfall is
typically heavy in these forests. Summers are often quite dry, and lodgepole pine is dependent on
snowmelt moisture for most of the growing season. In low snowpack years, growth is reduced (Hu
etal. 2010).

Resilience and Adaptive Capacity Rank

Overall Score: 0.35 Rank: _

Bioclimatic envelope and range
Averaged category score: 0.50
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Lodgepole pine subspecies are widely distributed in North America, but Rocky Mountain lodgepole
reaches the southern edge of its distribution in south-central Colorado. Lodgepole forests are not
found at the highest elevations, but range from montane to subalpine. Statewide, the annual
average precipitation range for lodgepole forest covers about 64% of Colorado’s overall
precipitation range. Growing season length for lodgepole broadly overlaps that of the warmer end
of the spruce-fir distribution, and covers about 35% of the statewide range of growing degree days.

Growth form and intrinsic dispersal rate
Score: 0

The tree growth form and slow dispersal rate of lodgepole pine give this ecosystem a low resilience
score in this category.

Vulnerability to increased attack by biological stressors
Score: 0

Although invasive species are generally not a threat, lodgepole forests are vulnerable to the pest
outbreaks that appear to increase with warmer, drier, drought-prone climates. Biological stressors
that interact with fire dynamics of lodgepole forest include infestations of lodgepole pine dwarf-
mistletoe and mountain pine beetle (Anderson 2003). Dwarf mistletoe reduces tree growth and
cone production, and generally leads to earlier mortality (Hawksworth and Johnson 1989).
Although lodgepole forests are still common across Colorado, most have experienced widespread
damage from a severe outbreak of mountain pine beetle. The pine beetle is a native species, and
periodic outbreaks of this insect are part of the natural cycle that maintains Colorado’s mountain
forests. Lodgepole forests are expected to persist in Colorado (Kaufmann et al. 2008), although
forest structure may differ from what has been present historically.

Vulnerability to increased frequency or intensity of extreme events
Score: 0.5

Warming temperatures and effectively drier conditions are expected to have an effect on fire
frequency and severity. Fire suppression effects in lodgepole pine forests are evident at a landscape
level in an overall lack of variety in successional stages. Individual lodgepole stands may not be
outside the natural range of variation, but at a landscape level fire suppression has probably led to
larger, denser, more homogenous patches that are more favorable for large fire and heavy
infestations of mountain pine beetle (Keane et al. 2002). The current outbreak of mountain pine
beetle appears to be subsiding, leaving the potential for large fires with extreme behavior to occur
in the killed forests (Kaufmann et al. 2008).

Other indirect effects of non-climate stressors — landscape condition
Score: 0.75

Lodgepole forest landscapes in Colorado are generally in good condition. Although large, intact
patches of lodgepole forest persist in Colorado, this may change as the effects of extensive mountain
pine beetle mortality and increased fire extent and frequency reshape the lodgepole matrix.
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Development of exurban or recreational areas is a minor sources of disturbance and fragmentation
in lodgepole forests, as are the associated roads and utility corridors. Timber harvest in Colorado’s
lodgepole forests has declined significantly since the late 19th century, but a recent increase in the
use of beetle-kill wood had maintained a small market for this species. Wood harvest activities are a
minor source of disturbance in this habitat type, but extensive salvage logging and thinning may
have locally severe impacts.
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MIXED CONIFER

Dry-mesic and mesic forests or woodlands of Douglas fir, white fir, other conifer species, and
occasional aspen stands

R. Rondeau extent exaggerated for display

Climate Vulnerability Rank: Moderate

Vulnerability summary

Key Vulnerabilities: Warmer and drier conditions can be expected to change the relative tree species
abundance in mixed conifer forests. Although some stands may convert to other types, the diverse
species composition of these forests increases the likelihood that some species will benefit under future
conditions. Novel mixed conifer types may appear.

The ecotonal nature of mixed conifer stands increases the ® Historic Projected mid-century
difficulty of interpreting their vulnerability to climate change, and .
their capacity to move into new areas. The diversity of species
within mixed conifer forest may increase its flexibility in the face

of climate change. Changing climate conditions are likely to alter

40
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the relative dominance of overstory species, overall species
composition and relative cover, primarily through the action of
fire, insect outbreak, and drought. Drought and disturbance
tolerant species will be favored over drought vulnerable species. 0 -

Species such as blue spruce that are infrequent and have a 0 Annua;?averag:?emperaigre (°F) *

Annual average precipitation (in)

narrow bioclimatic envelope are likely to decline or move up in

elevation. Abundant species that have a wide bioclimatic envelope such as Gambel oak and aspen
are likely to increase. Outcomes for particular stands will depend on current composition and
location. Current stands of warm, dry mixed conifer below 8,500 ft may be at higher risk or may
convert to pure ponderosa pine stands as future precipitation scenarios favor rain rather than
snow. Upward migration into new areas may be possible.
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Distribution

In Colorado these mixed-conifer forests occur on all aspects at elevations ranging from 4,000 to
10,800 ft (1,200-3,300 m). The composition and structure of overstory is dependent upon the
temperature and moisture relationships of the site, and the successional status of the occurrence.
These complex forest and woodland communities are often intermingled with other forest types,
including ponderosa pine, aspen, lodgepole, and spruce-fir, depending on elevation, and may be
adjacent to shrubland and riparian types as well.

The similar environmental tolerances of mixed-conifer and aspen forest means that the two forest
types are somewhat intermixed in many areas. These forests appear to represent a biophysical
space where a number of different overstory species can become established and grow together.
Local conditions, biogeographic history, and competitive interactions over many decades are prime
determinants of stand composition.

Characteristic species

Several sub-types or phases, representing a continuum from warm-dry to cold-wet have been
described for these forests (Romme et al. 2009), and species composition, stand structure, and site
characteristics vary accordingly.

These mixed-species forests may include Douglas-fir (Pseudotsuga menziesii), white fir (Abies
concolor), ponderosa pine (Pinus ponderosa), quaking aspen (Populus tremuloides), blue spruce
(Picea pungens), Engelmann spruce (Picea engelmannii), subalpine fir (Abies lasiocarpa), and limber
pine (Pinus flexilis), which reaches the southern limit of its distribution in the San Juan mountains.
Warm-dry sites are characterized by Douglas-fir, often with ponderosa pine and Gambel oak
(Quercus gambelii). Cool-moist stands are likely to be dominated by Douglas fir, white fir, blue
spruce and some quaking aspen. Typical understory shrub species include Rocky Mountain maple
(Acer glabrum), Saskatoon serviceberry (Amelanchier alnifolia), kinnikinnick (Arctostaphylos uva-
ursi), rockspirea (Holodiscus dumosus), fivepetal cliffbush (Jamesia americana), common juniper
(Juniperus communis), creeping barberry (Mahonia repens), Oregon boxleaf (Paxistima myrsinites),
mountain ninebark (Physocarpus monogynus), mountain snowberry (Symphoricarpos oreophilus),
thimbleberry (Rubus parviflorus), and whortleberry (Vaccinium myrtillus). Where soil moisture is
favorable, the herbaceous layer may be quite diverse.

Characteristic animal species in mixed conifer forest include Ruby-crowned kinglet, Hermit thrush,
Hammond’s flycatcher, Williamson's sapsucker, Yellow-rumped warbler, Pine siskin, Red-breasted
nuthatch, Townsend’s solitaire, Western tanager, Brown creeper, Cassin’s finch, Red crossbill, Olive-
sided flycatcher, Mountain chickadee, Junco, Snowshoe hare, Lynx, and Pine marten.

Environment

The composition and structure of overstory is dependent upon the temperature and moisture
relationships of the site, and the successional status of the occurrence (DeVelice et al. 1986,
Muldavin et al. 1996). Drier sites, often on southerly aspects, may be similar to ponderosa pine
forest, but with Douglas-fir and white fir as important canopy components. Historically, these
stands were subject to fairly frequent low to moderate intensity fire, which helped to maintain a
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relatively open structure (Romme et al. 2009). More mesic stands are found in cool ravines and on
north-facing slopes, lack ponderosa pine, and are likely to be dominated by Douglas-fir and white
fir with blue spruce or quaking aspen stands, and occasional inclusions of Engelmann spruce or
subalpine fir. These cool-moist stands would have less frequent fires, and soil moisture conditions
that allow the growth of dense stands that eventually burn in a high-intensity fire (Romme et al.
2009).

Soils of this ecosystem are variable, and may be derived from parent materials of igneous,
metamorphic, or sedimentary origin. More open woodland communities are typically found on soils
that are shallow, rocky, and well-drained.

Dynamics

Long-term ecological dynamics of mixed conifer forests are relatively understudied (Romme et al.
2009). There has been considerable recent debate about historic range of variation for stand
density and high-severity fire incidence in mixed conifer forests (Williams and Baker 2012, Fule et
al. 2013, Williams and Baker 2014). Natural fire processes in this system are probably highly
variable in both return interval and severity, depending on stand composition, site conditions,
biogeographic history, and short- and long-term climate patterns. For instance, drought and high
temperatures prior to fire initiation are associated with larger burned area as fine fuels become dry
(Littell et al. 2009).

Although cool moist mixed-conifer forests are generally warmer and drier than spruce-fir forests,
these stands are often in relatively cool-moist environments where fires were historically
infrequent with mixed severity. When stands are severely burned, aspen often resprouts. Warm-
dry mixed conifer forests had a historic fire-regime that was more frequent, with mixed severity. In
areas with high severity burns, aspen or Gambel oak often resprouts and dominates the site for a
relatively long period of time. In some locations, much of these forests have been logged or burned
during European settlement, and present-day occurrences are second-growth forests dating from
fire, logging, or other occurrence-replacing disturbances (Mauk and Henderson 1984, Chappell et
al. 1997).

Additional disturbances in mixed conifer forests may be due to wind storms or insect-pathogen
outbreaks. Spruce budworm infestations are a major source of tree mortality and can affect
landscape-scale dynamics in mixed conifer forest (Romme et al. 2009).

CCVA Scoring

Exposure-Sensitivity (Potential Impact) Rank
Percent Colorado acres with projected temp > max & ppt delta < 5% 0.1%
Initial Exposure-Sensitivity Rank Low
Percent Colorado acres with temp <= max & ppt delta < 5% more than 50%? Yes (61.0%)
Final Exposure-Sensitivity Rank Moderate
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Exposure to temperature change

Under projected mid-century temperatures, less than 1% of the current range of mixed conifer
forest in Colorado would experience annual mean temperatures above the current statewide
maximum.

Exposure to precipitation change
About 61% of mixed conifer forest ecosystem in Colorado will be exposed to effectively drier
conditions even under unchanged or slightly increased precipitation projected for mid-century.

Sensitivity of ecosystem to temperature and precipitation

With the variation from warm-dry types to cool-moist types, mixed conifer forests have a broad
ecological amplitude, and variation between stands is obviously influenced by both temperature
and precipitation. The effects of climatic factors on the ecosystem as a whole, however, are little
known, especially in Colorado. Generally warming conditions during the early Holocene allowed for
the expansion of some mixed conifer forest tree species including Douglas-fir, ponderosa pine, and
Gambel oak, and the development of mixed conifer forests in areas previously characterized by
subalpine species (Anderson et al. 2008).

Studies from the southwestern US indicate that factors controlling the distribution and persistence
of the component tree species in mixed conifer forests are complex and not easily explained at a
broad climatic level. For instance, Kane and Kolb (2014) found that although drought was an
important driver for aspen mortality in mixed conifer, there was no similar effect for the much
slower-growing limber pine. Douglas-fir and white fir mortality during the drought was moderately
associated with previous growth rate (i.e., site quality), indicating that longer-term processes such
as competition and disturbance history may also play a role. Cool-moist mixed conifer forests of
higher elevations may be less susceptible to drought (Adams and Kolb 2005), but are not
completely protected by generally cooler, wetter conditions (Kane et al. 2014).

Resilience and Adaptive Capacity Rank
Overall Score:  0.60 Rank: Moderate

Bioclimatic envelope and range
Averaged category score: 0.78

Mixed conifer forests occur at foothill and montane elevations throughout central and western
Colorado, and have a fairly wide ecological amplitude. These forests have significant presence in
60% of Colorado’s overall precipitation range, and in 51% of the state’s growing degree days range.
The highly variable and ecotonal nature of mixed conifer forests contributes to the higher resilience
score in this category.

Growth form and intrinsic dispersal rate
Score: 0
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The tree growth form and slow dispersal rate of the dominant conifer species give this ecosystem a
low resilience score in this category.

Vulnerability to increased attack by biological stressors
Score: 0.7

Stands in the southern part of Colorado have been impacted by the western spruce budworm and
drought. Budworm outbreaks are part of a natural cycle in mixed conifer forest, but may be
intensified by increasing drought frequency and the generally higher temperatures projected in
coming decades.

Vulnerability to increased frequency or intensity of extreme events
Score: 0.7

In areas adjacent to development, mixed conifer stands may be part of the wildland-urban interface,
where they are most likely to be threatened by the effects of fire suppression. The absence of a
natural fire regime in these forests has resulted in increased tree density and the buildup of duff
and litter, which may increase the severity of fire when it does occur. As year-round temperatures
increase and precipitation shifts more toward rain instead of snow, conditions favorable for
increasing area burned may develop (Littell et al. 2009). However, many mixed conifer stands in
Colorado are not as severely impacted by fire suppression.

Other indirect effects of non-climate stressors — landscape condition
Score: 0.81

Mixed conifer forest landscapes in Colorado are generally in very good condition. Exurban
development and recreational area development are a threat to these forests along the Front Range
and [-70 corridor in mountain areas. Roads and utility corridors are a source of disturbance and
fragmentation in mixed conifer forest statewide, but these stands naturally occur in smaller patches
than some other forest types, so threats are minor. A number of tree species in mixed conifer are
suitable for timber harvest, so logging is an ongoing source of disturbance in these forests. Threats
from livestock grazing and hunting or recreational activities are minimal for mixed conifer forests.
Mining and mine tailings are a small source of disturbance.
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PINYON-JUNIPER

Woodlands and shrublands dominated by pinyon pine and juniper species
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Climate Vulnerability Rank: High

Vulnerability summary

Key Vulnerabilities: Hot and dry conditions are likely to increase the impact of fire and insect outbreaks,
and favor juniper over pinyon pine. Substrates play a key role in determining soil moisture availability
for individual stands.

Variable disturbance and site conditions across the distribution ® Historic ——Projected mid-century
of this ecosystem have resulted in a dynamic mosaic of *
interconnected communities and successional stages across the a0
landscape. Since the last major glacial period, the distribution
and relative abundance of pinyon and juniper has fluctuated with
changing climatic conditions. Warming conditions during the

past two centuries, together with changing fire regime, livestock
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both higher and lower elevations. However, precipitation and Annual average temperature (°F)
temperature patterns are projected to change in a direction that
is less favorable for pinyon, so that juniper may become more dominant, and these habitats are
unable to persist or expand in their current form. Primary factors contributing to the high ranking
are the vulnerability of these woodlands to the interaction of drought, fire, and insect-caused
mortality, which is likely to increase under changing climate, and the extent to which the current

landscape condition of the habitat has been impacted by anthropogenic disturbance.

Annual average precipitation (in)

grazing, and atmospheric pollution increased the ability of this
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Distribution

The North American distribution of this ecosystem is centered in the Colorado Plateau, generally
southwest of Colorado. Pinyon-juniper forms the characteristic woodland of Colorado’s western
mesas and valleys, where it is typically found at lower elevations (ranging from 4,900 - 8,000 ft) on
dry mountains and foothills. Pinyon and juniper may form sparse shrublands or woodlands on
rocky tablelands where vegetation is largely confined to small soil pockets in exposed bedrock.
Pinyon-juniper woodlands also occur on dry mountains and foothills in south-central and south-
eastern Colorado, in mountains and plateaus of northern New Mexico and Arizona, and extend out
onto shale breaks in the Great Plains. In the canyons and tablelands to the southeast, pinyon is
absent, and juniper alone forms woodlands and savannas. Stands are often adjacent to and
intermingled with oak, sagebrush, or saltbush shrubland.

Characteristic species

Pinyon pine (Pinus edulis) and juniper form the canopy. In western pinyon-juniper woodlands of
lower elevations, Utah juniper (Juniperus osteosperma) is prevalent and Rocky Mountain juniper (J.
scopulorum) may codominate or replace it at higher elevations. In southeastern pinyon-juniper
woodlands one-seed juniper (Juniperus monosperma) replaces Utah juniper. The understory is
highly variable, and may be shrubby, grassy, sparsely vegetated, or rocky. Comer et al. (2003)
separate Colorado’s pinyon-juniper into four ecological systems: Colorado Plateau Pinyon-Juniper
Woodland, Colorado Plateau Pinyon-Juniper Shrubland, Colorado Plateau Mixed Bedrock Canyon
and Tableland, and Southern Rocky Mountain Pinyon-Juniper Woodland.

Pinyon-juniper woodland associations are characterized by stands with 25-60% canopy cover of
trees that are typically 10-30 ft (3-10 m) in height. On dry rocky mesa tops and slopes these canopy
dominants may be dwarfed (< 3 m tall), forming tall shrublands. On steep cliff faces, narrow
canyons, and open tablelands of predominantly sedimentary sandstone, shale, and limestone,
pinyon and juniper may form very sparse shrublands in cracks and pockets where soil has
accumulated. Pinyon-juniper stands may be solely dominated by pinyon pine, or may be co-
dominated by juniper species. Depending on substrate, the understory can range from a relatively
rich mixture of evergreen and/or deciduous shrubs, to a sparse to moderately dense herbaceous
layer dominated by perennial grasses (with or without shrubs), to no vegetation at all (Reid et al.
1999).

Characteristic shrubs and dwarf-shrubs include black sagebrush (Artemisia nova), big sagebrush
(Artemisia tridentata), Utah serviceberry (Amelanchier utahensis), littleleaf mountain mahogany
(Cercocarpus intricatus), mountain mahogany (Cercocarpus montanus), yellow rabbitbrush
(Chrysothamnus viscidiflorus), mormon-tea (Ephedra viridis), broom snakeweed (Gutierrezia
sarothrae), Stansbury cliffrose (Purshia stansburiana), antelope bitterbrush (Purshia tridentata),
Gambel oak (Quercus gambelii), and mountain snowberry (Symphoricarpos oreophilus).

Perennial graminoids are the most abundant species in the sparse to moderately dense herbaceous
layer. Characteristic species include Indian ricegrass (Achnatherum hymenoides), sideoats grama
(Bouteloua curtipendula), blue grama (Bouteloua gracilis), threeawn (Aristida spp.), Arizona fescue
(Festuca arizonica), needle-and-thread (Hesperostipa comata), bluebunch wheatgrass
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(Pseudoroegneria spicata), muttongrass (Poa fendleriana), James' galleta (Pleuraphis jamesii), and
western wheatgrass (Pascopyrum smithii). The forb layer may be diverse (and may include a
number of rare species), but contributes little cover.

Pinyon jay, Plumbeous vireo, Juniper titmouse, Gray flycatcher, Black-throated gray warbler, and
Bushtit are good indicators for the ecosystem.

Environment

Depending on substrate, pinyon-juniper stands are variable in structure and composition. Stands
occur on a variety of aspects and slopes. Slope may range from nearly level to steep (up to 80%).
Soils vary in texture ranging from stony, cobbly, gravelly sandy loams to clay loam or clay. Parent
materials likewise vary widely from granite, basalt, limestone, and sandstone to mixed alluvium
(Springfield 1976). Soil depths may range from shallow to deep.

Mesic areas are generally pinyon-dominated, while junipers are able to dominate on drier sites
(Gottfried 1992). Stands vary considerably in appearance and composition, both altitudinally and
geographically. Juniper tends to be more abundant at the lower elevations, pinyon tends to be more
abundant at the higher elevations, and the two species share dominance within a broad middle-
elevation zone (Woodin and Lindsey 1954, Heil et al. 1993). Stands may range from even-aged to
uneven-aged stands.

Dynamics

Pinyon-juniper woodlands are influenced by climate, fires, insect-pathogen outbreaks, and livestock
grazing (West 1999, Eager 1999). Although it is clear that the structure and condition of many
pinyon-juniper woodlands has been significantly altered since European settlement (Tausch 1999),
in recent years there has been an emerging recognition that not all of these woodlands are
dramatically changed by anthropogenic influence. Increasing density of pinyon juniper woodlands
and expansion into adjacent grassland or shrubland are well documented in some areas, but is not a
universal phenomenon in the western U.S. (Romme et al. 2009). Furthermore, the tree-dominated
landscape characteristic of pinyon-juniper woodland today is not necessarily representative of the
typical landscape of the past few millennia (Tausch 1999). Romme et al. (2009) distinguish three
pinyon-juniper types (persistent woodlands, savannas, and wooded shrublands), using
characteristics of based canopy structure, understory, and disturbance history. Local site conditions
may result in a fine-scale mixture of type within a larger matrix of one type. The differences
between these types have important implications for management actions, and efforts to maintain
or restore natural processes in pinyon-juniper habitats.

Both pinyon pine and juniper are fairly slow growing, and can live for hundreds of years, a life cycle
that is well adapted to xeric habitats, but is less suitable for quickly changing conditions. Although
individuals of both species become reproductive after a few decades, most seed production is due
to mature trees of 75 years of age or older (Gottfried 1992). Both species reproduce only from
seeds, and do not resprout after fire. Cone production of mature pinyon pine takes three growing
seasons, and the large seeds have a fairly short life span of 1-2 years (Ronco 1990). Juniper cones
(often called berries) may require 1-2 years of ripening before they can germinate (Gottfried 1992).

64 Colorado Natural Heritage Program © 2015



The smaller seeds of juniper are generally long-lived, surviving as long as 45 years. Birds are
important dispersers of both pinyon pine and juniper seed (Gottfried 1992).

The effects of fire in all types of pinyon-juniper depend in part on fuel provided by both canopy and
understory, and by weather conditions during a fire (Romme et al. 2009). Sparse woodlands with
little understory vegetation would typically have limited fire spread and little tree mortality. As tree
density or understory cover (especially shrubs) increases fire spread is facilitated, and tree
mortality becomes more likely. Romme et al. (2009) concluded that spreading, low-intensity
surface fires have historically had a limited role in this ecosystem, and that instead the dominant
fire effect is mortality of most trees and top-kill of most shrubs within the burned area, regardless
of tree or shrub size. At Mesa Verde National Park, where pinyon-juniper woodlands have burned in
five large fires since 1930, trees have not yet re-established. It is not known why trees have not
been successful in these areas, which are now occupied by shrubland (Floyd et al. 2000).

For many pinyon-juniper woodlands, climate fluctuation and insect or disease outbreak are more
important in shaping stand structure than fire. Insect and disease mortality is a natural ongoing
process, usually at a low level, but occasionally as more severe episodic outbreaks. Weather
patterns may enhance patterns of mortality or recruitment, shifting stand composition and
structure on a local or regional scale (Eisenhart 2004, Breshears et al. 2005, Shaw et al. 2005).

CCVA Scoring

Exposure-Sensitivity (Potential Impact) Rank
Percent Colorado acres with projected temp > max & ppt delta < 5% 20.9%
Initial Exposure-Sensitivity Rank Moderate
Percent Colorado acres with temp <= max & ppt delta < 5% more than 50%? No (43.5%)
Final Exposure-Sensitivity Rank Moderate

Exposure to temperature change

Under projected mid-century temperatures, about 23% of the current