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The Challenge – Climate Change Impacts to the Bureau of Land Management in Colorado
Climate change has profound implications for the Bureau of Land Management (BLM) in Colorado and is making efforts towards adapting management strategies to climatic shifts. Adaptation as defined by IPCC is defined as “an adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities.” Trends in climate-related environmental conditions, such as temperature, precipitation, frequency of weather events, and sea level, have the potential to directly affect our operations and achievement of our mission.  BLM Colorado’s areas of responsibility include managing 8.3 million acres of BLM public lands, along with 27 million acres of mineral estate, which are concentrated primarily in the western portion of the State.  These lands range from alpine tundra, colorful canyons, and mesas in the southwest, to rolling sage-covered hills in the northwest. These public lands play a vital role in providing open space and contribute to Colorado's quality of life.  BLM Colorado’s mission includes providing grazing for livestock, conserving plants, wildlife, and historic and cultural resources; providing geological, hydrological, and biological science; fulfilling trust responsibilities to American Indians; and leasing for renewable and non-renewable energy and development on public lands.  To manage this broad spectrum of activities, BLM Colorado employs about 800 employees and several thousand volunteers and permittees located across the state.
	BLM Colorado Statistics
	
	

	Number of Acres Managed:
	
	8.4 Million

	Number of Mineral Acres Managed: 
	
	27.1 Million

	Average Annual Visitors: 
	
	5 Million

	Number of Designated Wilderness Areas:
	
	5

	Number of Wilderness Study Areas: 
	
	54

	Number of Wildlife Species:
	
	670

	Number of Endangered and Threatened Species: 
	
	42

	Acres or Riparian Habitat:
	
	50,000

	Acres of Alpine Habitat: 
	
	97,000

	Number of Developed Recreational Sites:
	
	50

	Number of Oil and Gas Leases in Effect:
	
	5,343

	Acres of Oil and Gas Leases in effect:
	
	4.4 Million

	Number of National Monuments:
	
	1

	Number of Conservation Areas:
	
	2

	Number of Wild Horse Herd Management Areas:
	
	4

	Number of Acres Grazed By Livestock
	
	7.7 Million

	Number of Scenic and Historical Byways: 
	
	7

	Highest Elevation Vehicle Route in Country:
	
	13,200


This plan builds on and supports national BLM and DOI efforts to address climate change impacts.  DOI’s overall approach is underscored by Secretarial Order 3289, issued in September, 2009 (and amended February, 2010), entitled “Addressing the Impacts of Climate Change on America’s Water, Land, and Other Natural and Cultural Resources,” that establishes a Department-wide approach for applying scientific tools to “increase understanding of climate change and to coordinate an effective response to its impacts on tribes and on the land, water, ocean, fish and wildlife, and cultural heritage resources that the Department manages.”  
Mitigation is defined by the Intergovernmental Panel on Climate Change (IPCC)
 as human intervention to reduce the sources or enhance the sinks of greenhouse gases. Mitigation involves reducing our “carbon footprint” by using less energy, consuming fewer materials, and appropriately altering our land management practices. Mitigation is also achieved through biological carbon sequestration, the process in which CO2 from the atmosphere is taken up by plants through photosynthesis and stored as carbon in tree trunks, branches and roots. 
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Solar panels at the Anasazi Heritage Center

As greenhouse gases in the atmosphere increase, BLM Colorado must make efforts to mitigate emissions and enhance carbon sinks.  The agency must be proactive in enacting strategies that immediately reduce greenhouse gas emissions - supporting technologies to generate cleaner energy; ensuring that long-term solutions, such as renewable energy and clean coal technologies are fully developed and broadly implemented; and preparing to adapt to changes that cannot be avoided.
 Colorado’s emissions in 2005 were 35 percent higher than 1990 levels, and if no reduction strategies are implemented, by 2020 emissions are predicted to be 81 percent above 1990 levels. 

Adaptation is defined by the IPCC as an adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities. Vulnerabilities to climate change impacts vary widely across DOI’s bureaus and their mission areas.  The BLM’s climate change adaptation priorities reflect the particular vulnerabilities of its mission and assets.  Priorities will also vary between BLM jurisdictions. This plan focuses on adaptation and specifically, actions that pertain to Colorado in FY 2013 and beyond.  
The actions are framed by DOI’s Guiding Principles for climate change adaptation, described below as they apply more specifically to BLM in Colorado.  Climate change adaptation should not be viewed as a separate focus area.  Many of the actions described in this plan are already Best Management Practices adopted by the BLM with modifications to mitigate the added effects of climate change.  The purpose of this plan is to provide a framework and guidance for integrating climate adaptation in everything we do. 

Colorado faces many unique alterations to its landscape imposed by the effects of climate change. Throughout recent history the state has been hit with shifting droughts, causing water restrictions on residents and plant community changes; increasing insect and diseases causing large scale death of forests and shrubs; fires causing much impact on the landscape; and unprecedented floods causing a good deal of damage. The combination of temperature, precipitation and vegetation changes have altered wildlife, insect and fish habitat, especially for habitat specific and high altitude species.  Temperatures have increased by about 2 degrees F in Colorado between 1977 and 2006. 
 

The realities of climate change require BLM Colorado to integrate adaptation into our diverse operations, programs, plans, and policies.  We must adapt our management of natural and cultural resources; account for changing conditions and threats with respect to human and built assets; work with tribes across the region in their adaptation efforts; and provide scientific information and tools to support the range of activities and programs we oversee in the face of climate change.  
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The BLM’s key mission areas include protecting natural, cultural, and heritage resources; improving land and water health; sustaining fish, wildlife, and plant species; providing recreation and visitor experiences; and managing the impacts of wildland fire.  At a general level, some major potential impacts (risks and opportunities) to these resources associated with climate change include:
· Changes in precipitation patterns are causing:
· dramatic changes in stream flow that impact native trout, amphibians and other aquatic ecosystems, and infrastructure, 

· more high intensity and severe wildland fire seasons that alter ecosystems and threaten wildlife species and cultural resources

· an increase in invasive plants  that is changing grazing land capability, wildlife habitat and changing fire regimes

· large scale die-off of drought intolerant plant, tree and shrub species changing entire ecosystem

· Less snowpack leads to earlier and drier summers and less protection from winter and spring frost for high elevation plant and animal species.
· Increased temperature and evaporation is leading to 
· increased numbers of large wildland fires due to increased lightning activity and decreased fuel moisture;
· longer wildland fire seasons and higher severity fires; 

· earlier spring melt and loss of glaciers, permafrost, and sea ice; and increased air and water temperatures that may stress, extirpate, and otherwise alter the life cycle of some species; 
· In elevations below 8500 ft. snow will become rain, causing spring drought, reductions in summer water availability and spring run-off in lower elevation ephemeral and intermittent water drainages and changes in plant and animal communities.

· Heat stress to heat intolerant species such as American Pika and cutthroat trout.

· Earlier flowering times causing an asychronicity of pollinators and flowers.

· An increase in hatching cycles for spruce and pine beetles and more favorable conditions for tree pathogens such as armillaria.

· Dust on snow is leading to an earlier runoff season for snow-fed rivers.
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BLM Colorado is responsible for sustainably managing the production of energy as well as the extraction and use of natural resources such as water, timber, and non-energy minerals. With respect to this mission area:
· Changes in precipitation patterns may cause impacts to: 

· Streamflow that affect water supply and hydropower production (e.g., via changes in reservoir levels, low summer flow levels, and dewatering in some areas);

· Reclamation of areas used for production of energy and minerals; 

· Water infrastructure (e.g., drought rendering a reservoir dysfunctional);

· Flooding in some areas, and water scarcity due to prolonged droughts;

· Livestock forage, wood products, tree and forage species distributions; and

· Channel and stream bank erosion.

· Increased temperature and evaporation may affect public water supply and demand, lakes, streams, and cold-water fisheries, and may stress timber and forage species.
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Southwest Colorado

People

With responsibility for about 800 employees and numerous volunteers, trust responsibilities for American Indians, and as host to millions of visitors each year, BLM Colorado must understand and address the impacts of climate change on people.  Much of the human activity of concern to BLM Colorado occurs outdoors, in places where climate change impacts will be felt most acutely.  Example areas of concern include:  

· An increase in temperature and changes in precipitation patterns may result in changes in the geographic range and incidence of native and invasive species, insects and disease epidemics such as plague, West Nile and Hantavirus; changes in vegetation composition affecting humans and decreasing air quality which may effect human respiratory health;  
· Changes in frequency and intensity of weather-related events, such as heat-waves, precipitation events, and floods exacerbated by climate change may put lives at risk; and

· These impacts as well as others may affect employee, volunteer, and visitor safety, and recreational opportunities and experiences.
· Higher demand and decreased water availability in the summer
· Increased demand on electricity and natural gas for cooling in summers
· Increased recreation in and around high elevations and bodies of water
· Increased fire restrictions and restrictions for access to Public Lands during high fire danger.
· Decreased opportunities for winter sports such as skiing and snowshoeing
· Increased road maintenance costs for dust abatement, culvert size changes due to streamflow changes and muddy roads in winter.
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Native Americans
BLM Colorado is responsible for maintaining and advancing government-to-government and trust relationships with Native Americans regarding the management of natural resources.  With respect to these responsibilities:

· Increased temperature and changes in precipitation patterns could cause:

· Changes in the incidence of heat-related illnesses and deaths and, in combination with changes in cloud-cover and precipitation, may affect the incidence of adverse health outcomes related to poor air quality; and

· Several climate change-related impacts may threaten traditional ways of life that are tied closely to nature, such as increased susceptibility of ecosystems to invasive species, a decrease of grazing capacity, decreased ability for dry-land farming, changes in medicinal and cultural plant species and distribution, decreases in quantity and predictability of edible plants and berries and potential migration and extirpation of plant and animal species of importance to Indian people and communities.

Infrastructure and Equipment

The BLM in Colorado has significant investments in infrastructure and equipment, including buildings, dams, roads, vehicles, fences, scientific labs, and equipment.  These assets typically require significant investments and long-term commitments, and modifications and repairs can be costly.  Climate change impacts could alter the operations, efficiency, and safety of infrastructure and equipment, making it more difficult for BLM Colorado to achieve its mission and fulfill its responsibilities.  Climate change impacts on infrastructure include:

· Changes in precipitation patterns and increased temperature in some areas may impact operations of buildings, due to increased need for summer cooling, increased need for water for landscaping, vehicles, and other equipment due to changes in road conditions and increased heat, and may impact the capacity for dams to supply water and generate electricity;
· Flooding may damage buildings, vehicles, and other equipment and dramatically alter water supply planning; and

· Increases in high severity fires can destroy buildings, burn up fences and cause mudslides and debris flow, which affect roads and trails.
· Changes in intensity, timing, and location of weather events may disrupt energy conversion, generation, transmission, and transportation, and may impose different stresses on BLM’s disaster preparedness infrastructure. 
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McPhee Dam, Montezuma County
BLM Colorado’s Guiding Principles 
It is the policy of the Department of the Interior and the BLM to anticipate and adapt to challenges posed by climate change to BLM’s mission, programs, operations, and personnel. DOI and its component bureaus and offices adhere to the following Guiding Principles for climate change adaptation.
  Not all Guiding Principles apply to all components within BLM Colorado.
A. Science:  DOI and BLM will use the best available science to increase understanding of climate change impacts, to inform decision making, and to coordinate an effective response to impacts on land, water, wildlife, cultural and tribal resources, and other assets.  BLM will ensure that climate science and services meet internal decision-making needs.
The BLM is conducting Rapid Ecoregional Assessments (REAs) to examine landscape-scale resource conditions and trends – to assess and forecast the current and future status of key ecological values, identify management opportunities, identify data gaps and science needs, and provide information and tools for planning and project implementation. The BLM developed a process to conduct REAs that begins with formulating management questions with stakeholders.  REAs utilize only existing data and the best available science to develop conceptual models that can be replicated to provide geospatial information that addresses the management questions.  REAs identify, map, and spatially model key conservation elements, including native fish and wildlife species and intact aquatic, riparian/wetland, and vegetation communities.  REAs assess current and projected impacts of various change agents, including wildland fire, human use and development, invasive species, and climate change.  The BLM will use REAs to strengthen analyses of the potential and cumulative effects of climate change and other environmental disturbances on important ecological values and to develop ecoregional direction to identify priority areas for conservation and development, including focal areas for conserving wildlife habitats and migration corridors, and focal areas for potential energy development and urban growth. 

In conjunction with REAs, other regional climate assessments are being conducted at various levels by different groups and agencies. Networking with these various scenarios is critical to BLM effectively applying REAs in addressing climate change and related management issues. Additionally, BLM Colorado will:
· Ensure that management decisions made in response to climate change impacts are informed by science, supported by appropriate NEPA analyses, and take into consideration how resources are changing as a result of climate change (e.g. changes in water availability, vegetation distribution, or fire frequency).

· Take into account that climate science is ever-changing and should be integrated into planning to reflect evolving research.

· Look at information about the various paleoecosystems in the region through geologic, paleontological, prehistoric, and historic evidence and consider any examples, issues, or changes that may apply to current climate conditions. 
· Build or access regional capacity to interpret climate science to inform adaptation plans of infrastructure and natural and cultural resources.

· Where appropriate, coordinate with other regional science resources in order to inform adaptation plans and actions – e.g., co-locating or integrating scientific efforts with the Department of the Interior Climate Science Centers (DOI CSCs), NOAA Climate Program Office Regional Integrated Science and Assessment centers, and/or the other regional climate science and applications centers supported through the U.S. Global Change Research Program (USGCRP).

· Where appropriate, ensure the bureau is represented at the executive level on the Stakeholder Advisory Committee for each DOI CSC and the Steering Committee for each Landscape Conservation Cooperative (LCC).

· Facilitate and support consistent data standards, integration and access to enable broad use of scientific information for management decisions. Inventory existing data to identify data gaps and science needs.
· When available and appropriate, consider and incorporate Traditional Ecological Knowledge and long-term observational information as data sources.

· Ensure that scientific activities conform to appropriate laws and regulations (e.g., Information Quality Act) and apply best scientific practices (e.g., peer review).
B. Ecosystem-Based Management: Integrating the management of natural and human systems and balancing trade-offs to ensure sustainability is essential to success in the face of rapid changes.  Ecosystem-based management (EBM) is a science-driven alternative to sector-based or species-based management approaches that are poorly suited to address such changes.  Effective EBM integrates multiple objectives (ecological, cultural, and economic), provides guidance at multiple scales, and requires meaningful input from a broad range of stakeholders, including indigenous communities. While implementing EBM, BLM Colorado will consider employing the following strategies:

· Climate change is a threat multiplier, in that it amplifies and adds complexity to existing impacts and the interactions among them such as:

i. Fire

ii. Anthropogenic CO2 emissions

iii. Water quality and quantity 

iv. Energy development

v. Livestock grazing

BLM Colorado should incorporate consideration of these cumulative impacts into adaptation planning and decision-making.

· Climate change adaptation actions should not be delayed to wait for a complete understanding of climate change impacts. BLM Colorado can use adaptive management 
 as appropriate, for managing resources in the face of uncertainty such as water quality, livestock grazing and quantity and habitat connectivity.  Adaptive management puts management actions into an experimental framework and requires careful data collection and monitoring of outcomes in order to adjust future actions.  NEPA requires that the BLM consider the short-term and long-term environmental effects, both beneficial and adverse, of its proposed action and alternatives in management plans.

· Targeting a single preferred outcome under a single presumed future is not an adequate management strategy in a rapidly changing environment. BLM Colorado should employ scenario planning to allow planners and managers to explore the effectiveness of various strategies across a range of plausible futures. A scenario as defined by the IPCC is a “plausible and often simplified description of how the future may develop, based on a coherent and internally consistent set of assumptions about driving forces and key relationships.” Scenario Planning is a tool for developing a science based decision making framework in the face of high uncertainty and low controllability. The scenarios can be built into monitorable indicators to assess the validity of the scenarios over time and adjust plans to actual levels of change.
 
· The timing, likelihood, and nature of specific climate risks are difficult to predict. Risk management provides an effective means to assess and respond to climate change and emphasizes changing conditions. Risk management approaches are already used in many critical decisions (e.g., for fire, flood, and disease outbreaks), and can create opportunities for transition to more resilient conditions, for retreat from high exposure zones, or for learning to avoid similar losses in other places. Climate change adds new dimensions to risk management because it is a mega-stressor that drives other stressors such as fire, pests, and floods, and interacts with many non-climate stressors such as land use conversion, invasives introduction and spread, energy development, human recreation, and more.

Classes of Management Actions to Consider in Response to Climate Change
	Restraint
	Leave some places alone, but while realizing that climate change will add some different management interventions. Yet even if managers decide they have good reason to intervene on particular public lands, the realities of limited staffing, funds, and access will usually mean that interventions can occur only in relatively small, strategically chosen parts of landscape, focused on resources of particularly high value and vulnerability (such as a popular grove of giant sequoias or an endangered species). Thus, by default, large parts of the landscape will remain untrammeled, in the strict sense of lacking intentional human influences.



	Resilience
	Enhancing ecosystem resilience to absorb stress without flipping into an entirely new state. Resilience should not be viewed as an end in itself. Rather, it is a means of buying time while (1) land managers, policymakers, and the public more carefully assess the policy and management implications of climatic changes for wilderness, and (2) wilderness stewards and researchers develop and test possible long-term adaptive responses. Actions that maintain or increase resilience might include, for example, strategically controlling selected nonnative invasive species and thinning forests.



	Resistance
	Resisting changes using management actions which can provide means for saving time. Resistance might include intensive actions taken to protect an endangered species, such as creating fuel breaks to diminish the probability of severe wildfire, controlling a tree-killing beetle outbreak, or keeping an endangered plant population healthy by drip irrigation. In the long term, climatic changes are likely to be so large that most strategies focusing only on resilience and resistance eventually will fail, perhaps catastrophically. But the value of a near-term focus on resilience and resistance is that it can buy us valuable time while we seek long-term strategies for the final R, realignment.



	Realignment
	A long term action of facilitating changes with maintenance of native biodiversity and key ecosystem functions. A few examples illustrate facilitation. If a species is unable to migrate fast enough to keep up with geographic shifts in suitable habitat, physically moving the species—assisted migration—might sometimes be appropriate, especially if the alternative is losing the species entirely. Following a major disturbance, it may be appropriate to plant an area with species better adapted to warmer conditions. Finally, adaptive potential of some species might be increased by purposefully mixing genotypes from other regions.




C. Socioeconomic Considerations: Natural resources are an iconic factor of Colorado’s economy, and the tourism industry in Colorado is heavily dependent on climatic effects. The state of Colorado as a whole has warmed faster than both the United States and global averages,
 making the state especially vulnerable to a changing climate. In 2009 the overall tourism and travel industry generated $13.6 billion
 and 137,000 jobs.
  Colorado attracts millions of winter sports recreationists who rely on abundant snowfall for skiing, snowboarding, snowmobiling and other snow sports.  Colorado is the most popular ski and snowboard state in the country with 23 percent of the market share.
 Agriculture is also a vital industry to Colorado as in 2011 the net income from agriculture in Colorado was at 1.7 billion dollars. 

· Decreasing snowfall impacts are predicted to significantly shrink the ski season; a study that was commissioned by the city of Aspen predicted that under a high emission scenario that there will be no skiable snowpack at the base by 2100. 
Lack of snowpack in turn affects streamflows, which impact river related recreation such as rafting, kayaking, fishing etc. The increase in hot and dry conditions may lead to a shift in recreational location such as hiking and biking trails, with lower elevation areas becoming too warm so recreationalists may seek out higher elevation, cooler areas. Industries such as hunting and fishing may be affected because with changing temperatures animals may shift to higher elevations making them harder to find. 
· Agriculture is particularly exposed to climate related events such as heat, wind, and floods making it especially challenging to avoid negative effects of climate change. Important actions to consider include ensuring infrastructure integrity, storage, well permitting, and planning for drought. 
 Currently, an estimated 85 percent of water goes towards irrigation, which, under drought and lessened runoff, will cause a strain on the amount of water that is available for agriculture. Agriculture is the biggest land use in the state with around 37,000 farm and ranch operations. 
 
· It must also be taken into account the effect of linked industries such as insurance, real estate, retail stores etc. in affected areas and more who will lose business because they rely on tourists to support them. 
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D. Ecosystems, Vegetation and Wildlife: BLM Colorado deals with a vast amount of different ecosystems, vegetation, and wildlife across the state. Wilderness areas and monitoring data could also be used for tracking effects of a changing climate across an untrammeled landscape. The following approaches should be implemented where possible to enhance the capabilities of ecosystems, vegetation and wildlife habitats in maintaining the ability to absorb climate change:
· Protect the existing diversity of soils, habitats, communities, and species. Soil health is the prime building blocks of all ecosystems and is easily affected by pesticides, drought, erosion, and many other factors.   
· Develop climate adaptation plans that work to enhance and restore desired, specific un-fragmented habitat and enhance connectivity between those habitats.

· Identify and promote resilient ecosystems (i.e., places that can absorb change and maintain healthy, intact community structure and function) and climate refugia (i.e., places for wildlife and vegetation species that do not exhibit as much change as surrounding landscapes).
· Identify ecosystems most at risk and implement measures to increase resilience (e.g., Pine Forests, Pine Woodlands, and Inter-mountain Basins Big Sagebrush shrublands.)

· Identify wildlife, plant and aquatic species most at risk and implement measures to increase their resilience (e.g., sage grouse, Flannelmouth sucker, bighorn sheep, etc.) 
· Monitor invasive species (defined as alien species whose introduction does or is likely to cause economic or environmental harm or harm to human health) and coordinate with other agencies to prevent new introductions and stop the spread of such species such as tamarisk, cheat grass, quagga and zebra mussels, bull frogs, and feral swine/pigs.

· BLM CO and other agencies should work together on large landscapes to consider the context of adaptation effects of beetle killed forests and woodlands, catastrophic wildfires, future solar and wind generation fields, the ability of various species within landscapes to move, specific requirements for individual habitats etc. and the development of mutual conservation goals to address these effects for the long term.
· Work to reduce non-climate stressors that the BLM has the ability to manage which interact with climate change impacts, e.g., invasive species, habitat fragmentation, and human activities that are contributing to wildlife and/or vegetative scarcity or degradation.
· Consider carbon stocks and impacts to carbon sequestration potential across all natural resource management decisions

· Wild horses in Colorado have nearly no predators, so it is easy for them to almost double a herd in four years, yet they are particularly vulnerable to drought and wildfire.
 In cases such as these it has been necessary to provide water sources and/or relocate the horses to ensure their health.
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E. Grazing and Livestock: A key aspect of BLM Colorado is to provide management for livestock grazing on public lands. The BLM permits grazing on 7.7 million acres of public lands under appropriate conditions
. Grazing is the most wide-spread anthropogenic use of land in the world
, and changes are sure to be apparent. Climate change has the ability to substantially impact grazing in Colorado: 
· The timing, location, and intensity of grazing will be affected by higher temperatures, varying precipitation and earlier runoff to transform some landscapes into being less able to support livestock and wildlife.
· Vegetative composition and biodiversity may change for different species such as more invasives and less native species, which may alter animal diets and may make it challenging to manage feed deficits. 
· Different areas will respond differently to rising temperatures and CO2 levels, as some plants will thrive off of access CO2 by increasing photosynthesis and for others reduce transpirational water loss
. 

· Heat distress may affect the animal’s growth, milk production and comfort as well as require more water for each animal.  
· Water is expected to become increasingly scarce, although there is uncertainty regarding monsoonal responses. Severe drought has occurred in the past and could be exacerbated. Drier soils would in turn lead to dust pollution.

· With changing precipitation patterns and higher temperatures new vector-borne diseases and macroparasites could be introduced and spread among livestock communities. 

· It must be taken into account that many rangelands have already been degraded from past use and climate change. 

F. Fire and Fuels: Fuels have built up to unnatural high levels in forested ecosystems due to fire suppression.  Invasive plants such as cheat grass and tamarisk have changed fire regimes of some ecosystems.  Shrub lands and other fire adapted ecosystems have changed in composition and structure due to lack of fire.  Climate change in Colorado is creating hot dry spring and summers.  Fire intensity and severity is increasing. The impacts of climate change on fire behavior are already becoming apparent: the average annual amount of acres burned on Forest Service protected land from 1910 to 1999 was around 450,000; between 2000 and 2002 this figure averaged 1.1 million.
 It is to the best of the bureau’s ability and resource capacity to work on a landscape approach for HFR (Hazardous Fuel Reduction) work, which would reduce dangerous fuels and restore landscapes altered by the absence of fire and impact by catastrophic fires. The following practices could be adjusted to occur at different times of the year, require resource objectives to be extremely modified from the existing ecological practices, or abandon traditional philosophies and historical guidance.
· Decreasing water resources along with increasing fire will lead to an overall change in water management priorities, as more resources may need to be used for fire suppression
· Cooperate with stakeholders to develop wildfire and fuels reduction plans. Local responsibility is the landowners’ responsibility and the BLM Community Assistance program is responsible for facilitating cooperation and assistance.
· Conflicts in uses, agreements, local water rights, agriculture, etc. will require more cooperation and preplanned use agreements than in the past. 
· Reduce barriers limiting treatments for fuels in the urban wildland interface through mechanical and safe prescribed fire means as a social, economic, political, air quality, work force availability, appeal process, etc.

· Recognize that wildfire/ecosystem/human relationships are complex and manage each fire based on the most relevant scientific information, and take into account that each fire has different natural ignition effects. 
· Allow natural ignition fires to burn in areas away from human development to restore fire adapted landscapes along with prescribing burn fires around development as done in Australia with 15 percent fewer homes destroyed when burning had occurred
.

· In areas with invasive weeds and altered fire regimes, work with stakeholders to restore altered landscapes along with current climatic changes to prevent further spread of invasives. 

· Implement management practices that contribute to increased ecosystem resilience that will benefit adaptive processes and systems.

· Climate change may alter the frequency of lightning by perhaps 30 percent, but along with this may be increased moisture.

· When analyzing areas that may be prone to fire conditions take into consideration ecosystem classification along with fire regimes, or the general pattern that fires historically occur in certain environments and how these ecosystems are changing from the increase in flammable invasive species, as well as fire suppression leading to increased canopy density and fuel loads.

· Generally the first impacts of climate change are insect-induced mortality and increased invasive species; therefore, these signs can be used as starting points to accelerate ecosystems to climate change, for example planning for post-fire replanting with climate adapted species helps for a more rapid adjustment into future climate conditions. 
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Colorado Fire History- Colorado State University- http://csfs.colostate.edu/pages/wf-historical-facts.html
G. Energy, Mining, and Water: BLM Colorado is responsible for managing watersheds and leasing areas for mining and development of renewable and non-renewable energy sources. In Colorado energy and mineral development provided 22,912 jobs and generated $4.9 billion dollars into the economy.
 In addition to the implementation of EBM as described above, BLM Colorado should ensure the sustainability of these efforts by adopting the following approaches:
· Employ a basin-wide approach to achieve sustainable water management and to address current and future water shortages, including the potential for decreased water availability due to drought and climate change. Colorado’s population is expected to nearly double by 2050 and along with climate change water supply will be severely impacted.

· Changes in water demands will most likely come from increased population, a longer growing season, and increased temperatures, all which are interrelated. Other large stressors on water may come from development of oil shale and other energy development.
 This will lead to water competition among industries, including energy.
· Water scarcity will also affect stationary power plants such as cooling pools, and natural gas. 
· Focus development activities in ecologically disturbed areas when possible, and avoid ecologically sensitive landscapes, culturally sensitive areas, and crucial wildlife corridors.

· Before restoring disturbed areas from depleted, non-producing conventional energy developments consider renewable energy development potential at these sites instead of creating new disturbances elsewhere. 

· Strengthen and enhance assessments of the vulnerability of water resources to climate change. For example, with the implications of early snowmelt because of heavy airborne dust, identify and prioritize areas to reduce soil erosion and improve quality of heavily impacted sites from grazing. Continue to expand grazing and rangeland management policies to reduce airborne dust as much as possible.

· Expand and encourage efficiency measures for water and energy use. 
· Oil and gas economies may be somewhat affected by climate change in that potentially warmer winter temperatures may lead to less natural gas demand for heating, but also the demand for air conditioning is predicted to rise changing the sectors of electricity.

· Water scarcity will lead to an increase in water pumping, which in turn uses more energy to move as it is comparatively hydropower in reverse. 

· The increase in extreme weather events, such as warmer temperatures, wind, fire, and floods may affect the reliability of energy sources.
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H. Cultural and Heritage Resources: Human societies have inhabited the continent that is now the United States, including affiliated states and insular areas, for thousands of years. Consequently, many ecosystems and plant, fish, and wildlife species hold cultural significance, as do fixed-place cultural and heritage resources including archaeological sites, prehistoric and historical period structures, cultural and sacred landscapes, and artifacts and objects held in museums and curation facilities. In addition, there are various intangible cultural heritage resources, including inherited traditions or living expressions such as oral traditions, performing arts, social practices, rituals, festive events, knowledge and practices concerning nature and the universe or the knowledge and skills to produce traditional crafts.  To address impacts to these resources and the information they provide regarding long-term human interactions with variable environments, managing bureaus should:

• Integrate cultural resources into climate change vulnerability assessments to identify both inventoried resources and uninventoried areas (if any) at risk from projected impacts such as catastrophic fire and weather events.

• Use projected climate change impacts as a factor to prioritize completion of cultural resource inventories pursuant to bureau responsibilities under the National Historic Preservation Act (NHPA) Sections 110 and 106, respectively.

• Update or implement cultural resource monitoring systems to track environmental effects that may vary under altered climate regimes and adversely affect cultural resources. Some monitoring needs may overlap partially or fully with natural resource monitoring. For example, monitoring of changes in water tables can inform wetland and drainage issues as well as alteration of archaeological sites.

• Coordinate cultural resource preservation and research priorities across local, regional, and national scales (such as through LCC and DOI CSC networks).

• Engage indigenous communities in dialogue from historic human adaptation and incorporate traditional knowledge in assessing climate change effects on cultural, natural, and heritage resources and developing appropriate adaptation strategies.

• Engage federal stakeholders to coordinate requirements and processes of compliance with NHPA, such as programmatic agreements, for all climate change response actions.

• Incorporate cultural resource significance as a factor in management decisions and adaptation actions for vulnerable resources. Significance determinations may require stakeholder and tribal consultation.
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Canyons of the Ancients National Monument
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I. Native Americans: BLM Colorado works with 35 different tribes across the Southwest as well as many in the eastern plains helping to manage many cultural entities. 
 It is a priority of the BLM Colorado to work with American Indians to anticipate and prepare for climate change impacts to their lands, communities, and ways of life. To do so, BLM Colorado should:

· When available, provide Tribes with the most recent climate change information and climate adaptation guidance, especially because indigenous people are somewhat limited to their current land, which in Colorado, tends to be especially susceptible to drought and wildfire. Tribes that are non-residential to reservation areas are concerned about impacts to sites and areas of cultural and religious importance outside the reservations.
· When possible, solicit traditional knowledge from Tribes to complement existing scientific resources on past and present ecological and sociological changes.

· Ensure ongoing indigenous inclusion in any EBM implementation by providing avenues for participation and soliciting information on areas of cultural value.

· Recognize the affects of climate change impacts on the tribes’ intimate relationship with the land which in many cases involve a more significant impact on ways of life. For example, the Hopi tribe of the southwest has used the same dry farming techniques since the 12th century, and with climate change, these traditional ways of life are impacted by drier climates, more stress on water resources, and the introduction of invasive species. 
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J. Coordination and Partnerships: Adaptation requires coordination and consultation across multiple sectors, geographical scales, and levels of government and should build on the existing efforts and knowledge of a wide range of stakeholders and Tribal governments. BLM Colorado should:

· Coordinate, consult and collaborate with Federal, State, Tribal, and local governments, and with private landowners, in support of activities that contribute to effective management of species, wildlife corridors, natural communities, cultural and heritage resources, lands, waters, and other assets placed at risk by changing climate conditions.
· Ensure consistent and in-depth government-to-government engagement with Tribes to address climate change impacts on natural and cultural resources and to apply adaptation strategies.

· Engage with the relevant Landscape Conservation Cooperatives to ensure integration with local and regional climate adaptation priorities.

· As appropriate, coordinate with and undertake actions consistent with the National Ocean Policy Implementation Plan; the National Fish, Wildlife, and Plants Climate Adaptation Strategy; and the National Action Plan: Priorities for Managing Freshwater Resources in a Changing Climate. Coordinate scientific activities and plans with the relevant DOI Climate Science Center(s) or the National Climate Change and Wildlife Science Center, and with Federal, State, Tribal governments, university, and other science partners to ensure maximum efficiency. 
· Adjust partnerships to the scale of the adaptation action. For example, a local adaptation action will be most effective when driven by local interests, risks, and needs, but must also be congruent with regional or landscape-level actions.

· To the extent feasible, include participation from those charged with implementing adaptation plans.

· Incorporate outreach efforts into adaptation strategies and actions; tailor adaptation communications to the local context.  Communicate information about adaptation plans and projects to stakeholders and tribal governments using clear language that addresses local concerns

· Where possible, implement adaptation strategies and actions that complement or directly support other related management goals such as efforts to improve disaster preparedness, promote sustainable resource management, and reduce greenhouse gas emissions.
· Partner with universities and other research entities to monitor the impacts and degree of climate change.


K. Human Health: BLM Colorado will anticipate, prepare for, and mitigate adverse impacts that climate change may have on employees, contractors, volunteers, visitors, and others for whom it has special responsibilities. In Colorado, an increase in drought, rising temperatures, air pollution from increasing wildfires and population, and a potential for extreme weather events.  
· The most vulnerable groups to climate change related health effects are the very young, older adults, and degree of poverty level.

· A rise in temperature may lead to heat related illnesses, planning ahead for these events should be considered in future development plans to avoid urban heat islands, and may also lead to a rise in disease carrying insects. 

· An increase in air pollution will negatively affect allergies, and respiratory ailments. 

· Water quality is changing because of human and natural disturbances of water cycles and composition. 

L. Infrastructure and Equipment:  All components of BLM Colorado should consider potential climate change impacts when planning, designing, building, purchasing, leasing, upgrading, maintaining, and decommissioning infrastructure and equipment.  BLM Colorado should identify and avoid investments that are likely to be undermined by climate impacts, such as investments in infrastructure likely to be subject to repeated floods or inundation. Roads and trails may erode or be closed due to weather events. 
· Roads are already seeing effects from climate change-induced weather events such as hurricanes, flooding, wind, and high heat causing “heat kinks”. 
Current Status of BLM Colorado Climate Change Adaptation 
BLM Colorado’s approach to climate change adaptation is tiered to the DOI plan.  BLM Colorado has a full-time Cooperative Landscape Conservation Coordinator assigned to address climate change impacts and has begun to integrate adaptation into operations, programs, planning, and policies.  BLM Colorado recognizes collaboration as fundamental to success in climate change adaptation.  Efforts to understand and adapt to climate change thus far include:

· BLM contracted out a Rapid Ecoregional Assessment (REA) of the Colorado Plateau, which includes much of western Colorado.  This REA is now complete and provides substantial current and projected climate and ecological condition data for use in future planning and project implementation.  BLM Colorado has an internal website providing decision support information on climate adaptation and mitigation.  BLM Colorado has established a Climate Change Interdisciplinary Team to provide ongoing planning and decision support.  BLM developed this Colorado-specific Climate Change Adaptation Strategy.

· BLM Colorado conducts dust-sampling monitoring and provides to the USGS as part of a comprehensive study of the sources and effects of dust on snow and resulting impacts to water resources.  

· In Colorado’s San Luis Valley, the BLM is partnering with NRCS, BOR, USFWS, NPS, and the Colorado Division of Parks and Wildlife to collect and analyze a variety of ecological data in the preparation of a climate vulnerability assessment for the basin. 

·  BLM works with several non- profits, colleges and universities through assistance agreements to conduct climate-related monitoring, data collection, synthesis, and research – the Rocky Mountain Biological Laboratory collects climate related data and analyzed trends and impacts to vegetation and wildlife for a BLM climate assessment in the Gunnison Basin; the Mountain Studies Institute and Fort Lewis College provided BLM with a synthesis of all known climate research for southwestern Colorado.  

· The BLM and the Forest Service in southwestern Colorado have partnered with the Mountain Studies Institute to produce outreach information for public education and sponsor a biannual regional climate workshop.  

· BLM has partnered with sister federal and state agencies (primarily the Forest Service and Colorado Division of Parks and Wildlife) and NGOs such as The Nature Conservancy, using their expertise to help develop adaptation and mitigation strategies for southwestern Colorado and the Gunnison Basin.  The Gunnison Basin Climate Working Group also includes local county government, residents, and landowners who provide input on social and economic effects of climate change and adaptation/mitigation activities.

· The University of Colorado produced a drought vulnerability assessment for BLM in southwestern Colorado and is currently developing water/aquatic, vegetation, and wildlife vulnerability assessments as well as working on a downscaled model of precipitation and temperature predictions for 2040-2070.
· Mountain Studies Institute is working on a wildlife vulnerability assessment as well as temperature modeling above 11,000 feet that will predict future changes in alpine.

· Colorado Natural Heritage Program is doing the vegetation community vulnerability assessment and setting up monitoring of tree line on Kendall Mountain.

Implementation 

The near-term actions identified herein are part of BLM Colorado’s effort to integrate climate change adaptation into relevant operations, plans, programs, and policies.  Ultimately, it is BLM Colorado’s goal to integrate climate change adaptation state-wide, including, but not limited to: restoration; conservation of species and ecosystems; services and support for Tribes protection of cultural, archaeological, and tribal resources; water management; energy and minerals leasing; livestock grazing, scientific research and data collection; land acquisition; management of employees and volunteers; visitor services; and construction and facilities maintenance. 
BLM Colorado’s Climate Change Adaptation Actions for Fiscal Year 2013 and beyond

Support the Bureau’s and Department’s priorities by:

· Using the Landscape Approach

· Expanding native plant material program

· Supporting LCCs and CSCs

· Supporting WGA CHAT development

· Disseminating this plan to field offices and stakeholders
· Funding and supporting priority climate related BPS projects across the state

· Cooperating with Universities and other research institutes to monitor the impacts of climate change across the landscape

Specific projects:

San Louis Valley Climate Change Continuation of Monitoring and Assessment: Climate change is showing specific effects on the San Louis Valley with dropping precipitation and rising temperatures. In FY 2013 BLM Colorado will continue to build the base map at Blanca Wetlands to monitor vegetation. Blanca Wetlands is a key ecosystem to many shorebirds, and BLM has the unique ability to manage the water in the basin to continue to help the birds adapt to a changing climate. A state-of-the-art monitoring system will be set up to monitor water, climate, dust, and many other factors influencing the ecosystem.
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Managing for Change in the Gunnison Basin: The Gunnison Basin is being affected by climate change in ways we can see and measure: plants are blooming earlier, bees are moving up in elevation, frost damage is increasing in plants, and drought is affecting watersheds and landscapes. BLM Colorado identified 3 areas of conservation:

· The Gunnison Sage Grouse: habit is heavily affected by fire frequency, oil and gas development and sagebrush die-off. BLM Colorado will retain water in important brooding sites; improve nesting and wintering sites by planting and up maintaining current sagebrush habitats. 
· Headwaters of the Gunnison River: rising temperatures are leading to decreased groundwater and flows which lead to decreased riparian vegetation and aquatic habitat. BLM Colorado will manage water resources for flow maintenance and improve watershed and forest health through management.
· Alpine Wetlands: decreases in ground and surface water are resulting in long, dry periods due to earlier snowmelt and decreased precipitation. Actions include restoring wetlands, minimizing effects from grazing, development, recreation on hydrology by increasing buffer size around wetlands.
High Elevation Fen Assessment: Fens in Colorado are vital and essential to many ecosystems. Because of cold conditions and high evapotranspiration rates they are 8,000 to 11,000 years old. Fens are unique and hard to replace, and climate change is limiting the amount of precipitation that flows into groundwater that supports fens. In FY 2013 Colorado State University will be leading the project that entails identifying and mapping threats and assessing the fen condition in the Gunnison Field office. The Forest Service and Rocky Mountain Research Station will assist in an adjacent fen effort across Grand Mesa, Uncompahgre, and Gunnison National Forests.  
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Dust Emissions Sampling on BLM Administered Public Lands on Colorado’s Western Slope: Dust emissions are affecting the Colorado River watershed including the Yampa, White, and Colorado Rivers. The watershed study by USGS will examine effects of dust emission, composition, snowmelt, ecosystems and human health. 2 permanent dust samplers have been installed along with 5 passive sampling instruments to quantify dust emissions. Information gained from these stations will be vital to help BLM Colorado manage land in a positive way to help hydraulic function and soil stability. 
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Dust Emission Sampling 
Regional Water Quality Support and Plan Implementation: For FY 2013 In Northwest Colorado support is requested to assist in support of USGS gauges located on the Yampa River. Data collection will be increased related to timing and amount of snowmelt runoff in the Yampa watershed. 9 monitoring stations are set up between the Yampa headwaters and the confluence with the Green River to help detect dust-on-snow and following hydrological changes associated with land use. BLM Colorado will assist in the installation of Temperature gauges in cold-water fishery streams as well as support the local chapter of the RiverWatch organization. 
Climate Change Monitoring BLM NW District Colorado:  Climate change impacts on the Colorado River Basin are significant. Early snowmelt and peak stream flows result in decreased water availability during summer/fall months and alter spawning habit of fishes. In FY 2013 Observations and monitoring stations of stream flows and temperatures at select USGS stations will be set up throughout BLM NW district. The project will also support installation of pressure transducers and temperature data loggers in select un-gauged streams in the NW district. Data will be incorporated in the USGS Upper Colorado River Basin Climate Effects Network.
Building Partnerships in southwestern Colorado for Climate Change Monitoring and Adaptation Strategies: Interagency partnerships are vital to the success and efficiency of climate change monitoring and adaptation. 5 projects concerning water-plant-air-ecosystems are going on across the Four-Corners involving expertise of established partners. 

· Water Vulnerability Assessment Implementation includes monitoring the most valuable water systems and long term temperature assessments of fish-bearing-low-elevation streams with assistance of the Forest Service. 

· Air/Climate Monitoring Weather Stations for the use of the BLM and EPA. Results will document trends in climate, dust deposition, snowpack, and runoff patterns.

· Drought Vulnerability Model to be used with University of Colorado Boulder San Juan Drought Vulnerability model, which predicts where future droughts may have the largest impact on plant communities in the Tres Rio FO.

· Climate Change Adaptation Strategy Implementation and Monitoring completed in 2012 and 2013 and focus will be on monitoring habitat types most vulnerable to climate change. Monitoring will be done in collaboration with Mountain Studies Institute and Colorado Natural Heritage Program. 
· Vulnerable Plant Species Seed Bank will preserve native species seeds on the Tres Rio FO for long-term storage and preservation along with Denver Botanic Gardens.
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Tamarisk: Tamarisk is an invasive shrub that was first introduced into Colorado in the 20th and 21st centuries as a change agent in prevention of erosion in riparian and aquatic ecosystems of concern. Tamarisk exerts pressure on native riparian vegetation and converted many southwestern riparian zones to nonnative monocultures. Tamarisk has a strong tolerance to drought as opposed to many native species. Climate change models predict that rising temperatures are unlikely to adversely affect tamarisk.  The effects of climate change, such as warming temperatures and increased fire frequency are predicted to enhance tamarisk invasion and expansion, which makes it more difficult for native species to compete for resources. 





Greater Sage-Grouse: The sustainability of the greater sage-grouse is entirely dependent on intact expanses of sagebrush. The sage-grouse is one of over 350 plant and animal species that the sage brush obligates, which is alarming because the sagebrush community is one of the most altered vegetation classes in the western states. Over the last century the sage-grouse has been reduced to 56 percent of its former range westwide. Sage-grouse need large contiguous patches of sagebrush because their habitat requirements change seasonally for reproductive success. With combined impacts from climate change and development depleting connectivity of sagebrush habitats, sage-grouse is becoming threatened. 





Monitoring for 


Adaptive 


Management 





Rapid Ecoregional 


Assessments





Ecoregional 


Direction





Field Implementation


ntation











Science


Integration


(CSC & L


Direction


Assessments


n


CC)
























































� IPCC, 2007: Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K and Reisinger, A.(eds.)]. IPCC, Geneva, Switzerland, 104 pp.


� Kristen Averyt et al. 2011. Colorado Climate Preparedness Project. CIRS, Western Water Assessment, and University of Colorado Boulder. Pg. 8.


� Governor Bill Ritter. 2007. Colorado Climate Action Plan: A Strategy to Address Global Warming. 


� Kristen Averyt et al. 2011. Colorado Climate Preparedness Project. CIRS, Western Water Assessment, and University of Colorado Boulder.


� DOI’s Guiding Principles are informed by the Interagency Climate Change Adaptation Task Force’s “Guiding Principles” and “National Action Plan:  Priorities for Managing Freshwater Resources in a Changing Climate;” the National Fish, Wildlife, and Plants Climate Adaptation Strategy; and the National Ocean Council’s “Draft National Ocean Policy Implementation Plan.”  


� B.K Williams and E.D. Brown. 2012 Adaptive Management: The U.S. Department of Interior Applications Guide. Adaptive management Working Group, U.S. Department of the Interior, Washington, DC. 


� National Park Service. November 2007. Summary:  Climate Change Scenario Planning Workshop. 


� Dave Cleaves: Unites States Forest Service. September 2011. Engaging a Climate Ready Agency.


� Constance Millar and Nathan L. Stephenson. Climate Change: Wilderness’s Greatest Challenge. Park Science. Volume 28, Number 3, Winter 2011-2012. 


� Sean Williamson et al. 2008. Economic Impacts of Climate Change on Colorado. University of Maryland.


� Colorado Economic Development Databook, 2010-2011 edition.


� City of Denver: The Convention and Visitors Bureau. 2012. Tourism Pays for Colorado. 


� Sean Williamson et al. 2008. Economic Impacts of Climate Change on Colorado. University of Maryland.


� Colorado Business Economic Outlook. 2012. Agriculture-Colorado Agriculture Will Post Record Estimated Net Farm Income in 2011. 


� Climate Change and Aspen: An Assesment of Impacts and Potential Responses, 2006. A Report of the Aspen Global Change Institute prepared for the city of Aspen. Prepared by Aspen Global Change Institute, Center of the American west, the Rural Planning Institute, Stratus Consulting Inc. and Wildlife and Wetland Solutions, LLC.


� Kristen Averyt et al. 2011. Colorado Climate Prepardness Project. CIRS, Western Water Assesment, and University of Colorado Boulder.pg. 66.


� Kristen Averyt et al. 2011. Colorado Climate Prepardness Project. CIRS, Western Water Assesment, and University of Colorado Boulder.pg. 62.


� Bureau of Land Management, January 2011. BLM and Border patrol Mustang Partnership. 


� Bureau of Land Management Colorado. February 2012. Grazing and Rangeland Management.


� Gowri Koneswaran and Danielle Nierenberg. Environmental Health Perspectives, May 1, 2008. Global Farm Animal Production and Global Warming: Impacting and Mitigating Climate Change. Peer-reviewed.


� Daniel McCollum et al. September 2011. Climate Change Effects on Rangelands: Affirming the Need for Monitoring. Rocky Mountain Research Station, USDA Forest Service Fort Collins, Colorado. 


� Sean Williamson et al. 2008. Economic Impacts of Climate Change on Colorado. University of Maryland. 


� Gibbons P, van Gommel L, Gill AM Cary GJ, Driscoll DA, et al.  (2012) Land Management Practices Associated with House Loss in Wildfires. PLoS ONE 7(1); e29212. Doi:10.1371/journal.pone.0029212


� W.T Sommers et al. Joint Fire Science Program. 2010. Synthesis of Knowledge: Fire History and Climate Change. Pg. 49. 


� Bureau of Land Management. May 2012. Colorado Plateau Ecoregional Assesment. Changes in Fire Regime. Pg. 98. 


� Sommers et al. Joint Fire Science Program. 2010. Synthesis of Knowledge: Fire History and Climate Change. Pg. 167


� Bureau of Land Management. May 2012. Oil and Gas Leasing Program. 


� Four Corners Office for Resource Efficiency. August 2011. Water Conservation Assesment for Southwest Colorado. 


� Kristen Averyt et al. 2011. Colorado Climate Prepardness Project. CIRS, Western Water Assesment, and University of Colorado Boulder.Pg 27. 


� Kristen Averyt et al. 2011. Colorado Climate Prepardness Project. CIRS, Western Water Assesment, and University of Colorado Boulder. Pg. 53. 


� Kristen Averyt et al. 2011. Colorado Climate Prepardness Project. CIRS, Western Water Assesment, and University of Colorado Boulder.pg. 25.


� Bureau of Land Management. June 2012. Canyon of the Ancients National Monument. 


� Jonathan Hanna. September 2007. Natural Resources Law Center and Western Water Assessment. Native Communities and Climate Change: Protecting Tribal Resources as Part of National Climate Policy.


� Kristie Ebi et al. Environmental Health Perspectives. September 2006. Volume 114. Number 6. Climate Change and Human Health Impacts in the United States: An Update on the Results of the U.S. National Assessment.





4

