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Established in 2010, the National Park Service Climate Change Response Program advances efforts 
to address the effects of climate change across the breadth of the National Park System. The Program 
works across directorates and program areas to support parks through technical expertise and 
research, guidance and training, project and planning support, and provision of communication 
products. The Program works with other agencies, organizations, and stakeholder groups—nationally 
and internationally—to maximize information sharing, support, learning, and project effectiveness. 

This report received formal peer review by subject-matter experts who were not directly involved in 
the collection, analysis, or reporting of the data, and whose background and expertise put them on par 
technically and scientifically with the authors of the information.  

Views, statements, findings, conclusions, recommendations, and data in this report do not necessarily 
reflect views and policies of the National Park Service, U.S. Department of the Interior. Mention of 
trade names or commercial products does not constitute endorsement or recommendation for use by 
the U.S. Government.  

If you have difficulty accessing information in this publication, particularly if using assistive 
technology, please email climate_change@nps.gov. 

Please cite this publication as: 

NPS (U.S. National Park Service). 2021. Coming to terms with climate change: Working definitions. 
National Park Service, CCRP, Fort Collins, Colorado.

ON THE COVER 
Left: Structure wrap placed around the base of the General Sherman Tree in Sequoia National Park to protect against the 
approaching KNP Complex Fire, 2021. Top right: The Cape Hatteras Lighthouse was moved to a new inland location away from 
encroaching sea, 1999. “Eco-Tent” lodging units in Everglades National Park can be disassembled in advance of a hurricane, 
2019. Consistent terminology is needed across all these domains (natural resource management, facilities management, visitor 
experience) to ensure effective adaptation. (All photos are public domain.) 
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Preface 
Climate change is a multi-disciplinary challenge that affects resources, assets, operations, visitor 
experience and human well-being across the National Park System. When multiple disciplines 
address a common challenge, their specialized vocabularies can result in inconsistent use of 
important words or terms, causing confusion, misunderstanding, and inefficiencies in collaboration. 
The purpose of this glossary is to clarify definitions of key climate change-related terms and support 
effective communication and action among staff of the Climate Change Response Program and other 
NPS staff, collaborators, and partners.  

To support periodic updates of this document, the Climate Change Response Program welcomes 
comments on the content, as well as contributions of additional terms or useful cited definitions.
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Glossary 
Absolute sea-level rise: Rise in the height of the ocean surface above the center of the Earth, without 
regard to whether nearby land is rising or falling (EPA 2018). 

Accept change: A class of adaptation response (alongside direct change and resist change) in which 
managers do not intervene to alter the trajectory of change and the target responds to change 
autonomously (Schuurman et al. 2020). Also sometimes referred to as an “accommodate change” 
strategy (Fisichelli et al. 2016). 

Adaptation: See climate change adaptation. 

Adaptation action: The tactical and implementation components of the management response to 
observed climate changes or plausible climate futures. Often intended to refer to implemented 
actions, but can also refer to intended actions not yet executed. See adaptation strategy, climate change 
adaptation. 

Adaptation strategy: The planning component of the management response to observed climate 
changes or plausible climate futures. An adaptation strategy is implemented to manage potential risks 
stemming from vulnerability of a resource or asset to climate change impacts or natural hazards 
exacerbated by climate change. 

Adaptive capacity: The ability of systems, institutions, humans and other organisms to adjust to 
potential damage, to take advantage of opportunities, or to respond to consequences of climate 
change (IPCC 2014). For an institution, the term applies to the ability to persist in its own right and 
to foster adaptation among other systems, humans, or organisms. Adaptive capacity is considered a 
component of vulnerability in some frameworks, including natural resources (Stein et al. 2014) 
where it is intrinsic; it is not recommended as part of vulnerability for non-living cultural resources 
and infrastructure (Rockman et al. 2016; WCU and NPS 2016) where it is extrinsic (e.g. economic, 
social). 

Adaptive management: A decision process that promotes learning in the face of uncertainties as 
outcomes from management actions and other events become better understood (Williams et al. 
2007). Careful monitoring of outcomes both advances scientific understanding and helps adjust 
policies or operations as part of an iterative learning process. It is not managing by “trial and error”; 
it involves predicting expected outcomes, usually from competing models representing the system, 
and formally comparing predictions to observed outcomes to guide learning (Williams and Brown 
2012). The formal comparison against observed outcomes presumes a well-defined monitoring 
component (Williams and Brown 2012). 

Anthropogenic: Resulting from or produced by human activities (IPCC 2014). Also often referred to 
as “human-caused” (e.g., “anthropogenic climate change”). 

Asset: Real or personal property which the NPS desires to track and manage as a distinct identifiable 
entity. It may be a physical structure or grouping of structures, land features, or other tangible 
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property that has a specific service or function, such as a farm, cemetery, campground, marina, road, 
building, or sewage treatment plant. The term “asset” can also be applied to movable items, such as 
vehicles and equipment (NPS Facility Condition Assessment Survey, ND). 

Assisted colonization: See managed relocation. For most situations, managed relocation is the 
preferred term. 

Assisted dispersal: See managed relocation. 

Assisted migration: See managed relocation. 

Attribution: The process of evaluating the relative contributions of multiple causal factors to a 
change or event with an assignment of statistical confidence (Hegerl et al. 2010). See detection and 
attribution. 

Climate: The average weather patterns or trends for a region over a period of many years; 
components usually include seasonal patterns of temperature, precipitation, wind, relative humidity, 
etc. Climate “normals” are the averages of climate variables for (typically) a 30-year period. 

Climate change: A change in the state of the climate that can be identified (e.g., by using statistical 
tests) by changes in the mean and/or the variability of its properties, and that persists for an extended 
period, typically decades or longer. Climate change may be due to natural internal processes or 
external forces, or to persistent anthropogenic changes in the composition of the atmosphere or in 
land use (IPCC 2007). 

Climate change adaptation: An intentional management response to observed climate changes or 
plausible future changes that involves identifying, preparing for (e.g., developing strategy and 
specific actions), and responding to (e.g., implementing actions) those changes. The desired outcome 
from the management response is to retain current conditions, recover from climate variations 
(perhaps to an altered state), or adjust to changing conditions that may include major transformation 
in practices or state. Adaptation may seek to “moderate harm or exploit beneficial opportunities” 
(IPCC 2014). See accept change, adaptation action, adaptation strategy, direct change, resist change.  

Climate change refugia: See refugia (from climate change). 

Climate driver: (1) When referring to an effect of climate on a conservation or preservation target, 
any climate variable or climate-related effect that causes change or impacts the target. For this use, 
common climate drivers include temperature, precipitation, sea-level, and snow cover. (2) When 
referring to changes in climate, any natural or human-induced factor that directly or indirectly causes 
a change in climate. Greenhouse gases and land use are important drivers of climate (Gross et al. 
2016). 

Climate envelope model: A subset of species distribution models that use climate variables to make 
spatial predictions of environmental suitability for a species (Watling et al. 2012). Relationships 
derived from contemporary data can be used to project distributional changes using estimates of 
anticipated climate change. 
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Climate future: A description of the physical attributes of climate that could plausibly occur at a 
specific place and time in the future (Runyon et al. 2019). A set of climate futures is the foundation 
for constructing climate-resource scenarios (see scenario). A plausible climate future is based on the 
best available science. In a given planning context, a climate future’s usefulness increases as the 
climate metrics used to define it are more directly relevant to the management decision. Typically, 
multiple climate futures are used to consider the range of ways climate could change. 

Climate model: A numerical representation of the climate system based on the physical, chemical, 
and biological properties of its components, their interactions, and feedback processes, and 
accounting for some of its known properties. The climate system can be represented by models of 
varying complexity (IPCC 2014). See global climate model. 

Climate projections: The simulated response of the climate system to a scenario of future emission 
or concentration of greenhouse gases and aerosols, generally derived using climate models. Climate 
projections are distinguished from climate predictions by their dependence on the 
emission/concentration/radiative forcing scenario used, which is in turn based on assumptions 
concerning, for example, future socioeconomic and technological developments that may or may not 
occur (IPCC 2014). 

Climate-resource scenario: See scenario. 

Climate-smart: The intentional and deliberate consideration of climate change in planning and 
management, realized through the adoption of forward-looking goals and explicit linkage of 
strategies to key climate impacts and vulnerabilities (adapted from Stein et al. 2014). 

Climate variability: Variations in climate from the average over a region (spatial scale) and time 
period (temporal scale) beyond that of individual weather events (IPCC 2014). Usage requires 
defining the spatial and temporal scales of interest as well as the climate statistic of interest (such as 
annual mean temperature, annual mean precipitation, frequency of extreme precipitation events, etc.). 
Drivers of climate variability include “natural” processes internal to the climate system (such as the 
El Niño Southern Oscillation and other phenomena (USGCRP 2019)) or changes in external forcing 
(IPCC 2014). 

CMIP (Coupled Model Intercomparison Projects): Coherent set of experimental conditions used 
to evaluate climate models and future conditions. These are the basis for the IPCC assessment 
reports.  

Confidence: The validity of a finding based on the type, amount, quality, and consistency of 
evidence (e.g., mechanistic understanding, theory, data, models, expert judgment) and on the degree 
of agreement. Confidence is expressed qualitatively (Mastrandrea et al. 2010; as in IPCC 2014); the 
terms used should be explicitly defined. See uncertainty (climate) and likelihood. 

Criticality: The importance or significance of a resource or asset (e.g. functional, historical, 
financial). This term is most often focused on infrastructure. 
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Cultural resources: Archeological resources, cultural landscapes, ethnographic resources, historic 
and prehistoric structures, and museum collections (NPS 2006). 

Detection and attribution: Detection of change is the process of demonstrating that a system has 
changed in some defined statistical sense, without providing a reason for that change. An identified 
change is detected in observations if its likelihood of occurrence by chance due to internal variability 
alone is determined to be small, for example, <10% (i.e., variations results from natural causes). 
Attribution is defined as the process of evaluating the relative contributions of multiple causal factors 
to a change or event with an assignment of statistical confidence (Hegerl et al. 2010). 

Direct change: A class of adaptation response (alongside accept change and resist change) in which 
managers intervene to actively influence the trajectory of change and shape change in the target 
towards specific desired new conditions. (Schuurman et al. 2020). 

Dispersal: The movement of individual organisms away from their birth site or breeding site to 
another location (USGCRP 2019). 

Downscaling: A method that derives local- to regional-scale (< 1 to ~50 km) information from 
larger-scale models or data analyses. Dynamical downscaling, or regional climate modelling, 
simulates the physical processes of a smaller area at a fine resolution and is computationally 
intensive. Statistical downscaling relies on a fixed statistical relationship between observed 
(historical) climate variables and forecasts from a global climate model.  

Drought: A period of abnormally dry weather marked by little or no precipitation that causes water 
shortage for people and natural systems (USGCRP 2019). See ecological drought. 

Dynamic downscaling: See downscaling. 

Ecological drought: An episodic deficit in water availability that drives ecosystems beyond 
thresholds of vulnerability, impacts ecosystem services, and triggers feedbacks in natural and/or 
human systems (Crausbay et al. 2017). See drought. 

Ecological replacement: The intentional movement and release of an organism outside its 
indigenous range to perform a specific ecological function (IUCN 2013). In the context of climate 
change, the motivation is to direct climate change-driven change towards specific desired conditions. 
See managed relocation. 

Ecological resilience: See resilience (ecological).  

Ecological threshold: A point at which there is an abrupt change in an ecosystem quality, property, 
or phenomenon, or where small changes in an environmental driver produce large responses in the 
ecosystem (Groffman et al. 2006). 

Ecological transformation: A dramatic and irreversible shift in multiple ecological characteristics 
of an ecological system, the basis of which is a high degree of turnover in ecological communities, 
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and not just change in a single species (Shimadzu et al. 2015; Schuurman et al. 2020). See ecological 
threshold and tipping point. 

Ecosystem services: The benefits produced by ecosystems on which people depend, including, for 
example, fisheries, drinking water, fertile soils for growing crops, climate regulation, recreation, and 
aesthetic and cultural value (USGCRP 2019). 

Emissions scenarios: Quantitative descriptions of how the release of different amounts of climate-
altering (“greenhouse”) gases and particles into the atmosphere, from human and natural sources, 
will produce different future climate conditions. Emissions scenarios are developed using a wide 
range of assumptions about population growth, economic and technological development, and other 
factors (USGCRP 2019). 

Equivalent carbon dioxide (CO2) emission: The amount of carbon dioxide emission that would 
cause the same radiative forcing, over a given time horizon, as an emitted amount of a greenhouse 
gas or a mixture of greenhouse gases (IPCC 2013).  

Exposure: A measure of the character, magnitude, and rate of changes a target may experience. In 
the climate change context, this includes changes in climate drivers (e.g. temperature, precipitation, 
solar radiation) as well as changes in related factors (e.g. sea-level, water temperatures, drought 
intensity, ocean acidification) (Gross et al. 2014). 

Extreme event: A weather event that is rare at a place and time of year, including, for example, a 
heat wave, cold wave, heavy rain, period of drought or flooding, or a severe storm. The definition of 
"extreme" is a statistical concept that varies depending on location, season, and length of the 
historical record (USGCRP 2019). 

Extreme (or heavy) precipitation (event): An episode of abnormally high rain or snow. The 
definition of "extreme" is a statistical concept that varies depending on location, season, and length 
of the historical record (USGCRP 2019).  

Global climate model: Global climate models are complex, three-dimensional coupled models that 
incorporate the latest understanding of the physical processes at work in the atmosphere, oceans, and 
Earth’s surface to generate climate projections. They range from lower-level General Circulation 
Models (GCMs) to coupled Atmosphere–Ocean General Circulation Models (AOGCMs) (IPCC 
2007). Also sometimes referred to as “Earth System Models” (ESMs). See climate model. 

Greenhouse gases: Gases that absorb heat in the atmosphere near the Earth's surface, preventing it 
from escaping into space. If the atmospheric concentrations of these gases rise, the average 
temperature of the lower atmosphere will gradually increase, a phenomenon known as the 
“greenhouse effect.” Greenhouse gases include, for example, carbon dioxide, methane, nitrous oxide, 
and water vapor (USGCRP 2019). 

Hazard: The potential occurrence of a natural or human-induced event, trend, or impact that may 
cause loss of life, injury, or other health impacts, as well as damage and loss to property, 
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infrastructure, livelihoods, provision of services, ecosystems, and environmental resources (IPCC 
2014). 

Hindcast: Assessing the performance of a model that is designed to make future projections by using 
it to simulate a historical period to compare to empirical, observed data. 

Indicator-based vulnerability assessments (IBVA): An assessment based on attributes or 
characteristics of a system, rather than on direct impacts. Often used for social systems or 
infrastructure, where economics or maintenance history may relate to vulnerability (Tonmoy et al. 
2014). In ecological applications, these are often termed “trait-based vulnerability assessments” (e.g., 
Willis et al. 2015). 

Infrastructure: Buildings, roads, utilities, equipment, and other structures or facilities. In a 
vulnerability assessment, infrastructure can be considered both as a feature to preserve as well as a 
stressor on resources (Crist et al. 2012). 

Isostatic rebound: Rise of land masses that were depressed by the huge weight of ice sheets during 
the last ice age (NSIDC 2020). More broadly, isostatic adjustment can include rapid sinking in areas 
that were formerly bulged upwards (relative to the Earth’s mantle) due to the depression of adjacent 
areas under ice, contributing to relatively rapid local relative sea-level rise.  

Key vulnerability: Those vulnerabilities that merit more attention because they pose the greatest risk 
to achieving conservation goals and objectives (Gross et al. 2014). 

Likelihood: The chance of a specific outcome occurring, which might be estimated probabilistically. 
Likelihood is expressed in IPCC reports using a standard terminology (Mastrandrea et al. 2010). In 
statistical use, likelihood refers to the relative plausibility of a value for a parameter, given specific 
data. 

Maladaptive actions (Maladaptation): Actions that may lead to increased risk of adverse climate-
related outcomes, increased vulnerability to climate change, or diminished welfare, now or in the 
future (IPCC 2014). 

Managed relocation: The intentional movement and release of an organism outside its indigenous 
range (paraphrased from IUCN 2013; Karasov-Olson et al. 2021). 

Mechanistic models: Numerical models whose structure reflects an understanding of important 
components and processes that account for observed dynamics. By contrast, an empirical model may 
account for observed dynamics with no representation of the underlying processes. Also called 
“process-based models.” 

Metric Tons of Carbon Dioxide Equivalent (MTCO2E): See equivalent carbon dioxide (CO2) 
emission. 

Microclimate: Variations in climate within a small area or atmospheric zone relative to the larger 
general area. Microclimates usually result from differences in local topography, vegetation, 
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structures, or proximity to water and can vary substantially from the general climate of an area 
(Bagne et al. 2011). 

Mitigation (climate change context): A human intervention to reduce the sources or enhance the 
sinks of greenhouse gases (IPCC 2014). 

Mitigation (emergency response context): The effort to reduce loss of life and property by 
lessening the impact of disasters (FEMA 2019). 

Mitigation (Cultural Resources Section 106): A measure to resolve specific adverse effects to 
identified cultural resource(s) by offsetting such effects (36 CFR Part 800). A nexus is required 
between the mitigation measure(s) and the adverse effects on the cultural resource(s). 

Mitigation (NEPA): Avoiding the impact of a human intervention in a natural system altogether by 
not taking a certain action or parts of an action; minimizing impacts by limiting the degree or 
magnitude of the action and its implementation; rectifying the impact by repairing, rehabilitating, or 
restoring the affected environment; reducing or eliminating the impact over time by preservation and 
maintenance operations during the life of the action; and compensating for the impact by replacing or 
providing substitute resources or environments (40 C.F.R. § 1508.20). 

Mitigation (NRDA/Conservation): The effort to offset or repair damage to natural resources, 
typically as part of a legal settlement for violations of the Clean Water Act. 

Persistence: Current/past target conditions continue to exist, either because the target is inherently 
resistant to change or because of adaptation efforts to resist change (Beavers et al. 2016). 

Phenology: The pattern of seasonal life cycle events in plants and animals, such as timing of 
blooming, hibernation, and migration (USGCRP 2019).  

Phenotypic plasticity: The ability of an organism to change its behavior, physiology, or physical 
characteristics in response to its environment. This change occurs within an organism’s lifetime and 
therefore does not require genetic change (USGCRP 2019). Often considered an important 
component of adaptive capacity for species.  

Radiative forcing: The balance of incoming (solar) and outgoing (re-radiated to space) energy in the 
Earth-atmosphere system averaged across the globe (IPCC 2014). This term is usually used in 
reference to the balance at the tropopause or top of atmosphere (IPCC 2014). 

Refugia (from climate change): Areas relatively buffered from contemporary climate change over 
time that enable persistence of valued physical, ecological, and socio-cultural resources (Morelli et 
al. 2016).  

Relative sea-level rise: The increase in ocean water levels at a specific location, taking into account 
both absolute sea-level rise and local factors, such as local subsidence and uplift. Relative sea-level 
rise is measured with respect to a specified vertical datum relative to the land, which may also be 
changing elevation over time (Beavers et al. 2016). 
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Representative concentration pathway (RCP): Scenario that include time series of emissions and 
concentrations of the full suite of greenhouse gases and aerosols and chemically active gases, as well 
as land use/land cover (Moss et al. 2008). 

Resilience (ecological): The ability of a natural system to return to a prior condition after disturbance 
(Millar et al. 2007). The term “resilience” is used in different ways in the historically disparate fields 
now united in climate change adaptation, and this ambiguity can impede communication and 
adaptation if not recognized and addressed (Fisichelli et al. 2016, Siders 2016). See resilience (human 
context). 

Resilience (human context): A capability to anticipate, prepare for, respond to, and recover from 
significant multi-hazard threats with minimum damage to social well-being, the economy, and the 
environment (USGCRP 2019). See resilience (ecological). 

Resistance: The ability to withstand perturbations without significant loss of structure or function 
(Beavers et al. 2016, Connell and Ghedini 2015). Resistance is similar to resilience in implying 
persistence, but differs from it in that it is about preventing—rather than recovering from—impacts. 

Resist change: A class of adaptation response (alongside accept change and direct change) in which 
managers intervene to prevent or reverse the trajectory of change and maintain or restore the target 
within current or past conditions (Beavers et al. 2016, Schuurman et al. 2020). 

Risk: Threats to life, health and safety, the environment, economic well-being, and other things of 
value. Risks are often evaluated in terms of how likely they are to occur (probability) and the 
damages that would result if they did happen (consequences) (USGCRP 2019). The consequences or 
damages are derived from the vulnerability of the thing of value (see vulnerability). 

Risk assessment: The process of identifying the magnitude or consequences of an adverse event or 
impact as well as the probability that the event or impact will occur (Jones 2001). 

Scenario: A coherent, internally consistent description of plausible future states of a system used to 
support planning and decision making. In the context of climate change adaptation, scenarios consist 
of a set of “climate futures” with their associated resource implications (Runyon et al. 2019), and are 
often termed “climate-resource scenarios." Managers sometimes include potential management 
responses as part of scenarios. See climate future. 

Scenario analysis: A process of analyzing possible future events by considering alternative plausible 
outcomes or scenarios (Gross et al. 2016). 

Scenario planning: A process for exploring science-based, plausible, and challenging trajectories of 
future change that encapsulate key uncertainties and system responses. Considering multiple 
scenarios based on climate projections enables managers to update near- and long-term goals and 
develop strategies that can succeed under a range of possible future conditions. In some cases 
individual scenarios include high-consequence events, which may require specific planning. 
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Sensitivity (to climate change): The degree to climate change affects a resource, facility, or other 
target either adversely or beneficially. The effect may be direct (e.g., increased stress or mortality of 
cold-water fish due to increased water temperatures on exceptionally hot days) or indirect (e.g., 
damages caused by an increase in the frequency of coastal flooding due to sea-level rise) (IPCC 
2014). 

Sequestration: The uptake and storage of carbon-containing substances, in particular carbon dioxide 
(CO2), in terrestrial or marine ecosystems. Biological sequestration includes direct removal of CO2 
from the atmosphere through land-use change, afforestation, reforestation, revegetation, carbon 
storage in landfills, and practices that enhance soil carbon in agriculture (IPCC 2014). 

SSP (Shared Socioeconomic Pathway): Emissions scenarios driven by different socioeconomic 
assumptions (Riahi et al. 2017). Used by IPCC and to drive CMIP6 model experiments. 

Stationarity: The assumption that natural systems fluctuate within an unchanging envelope of 
variability through time (Milly et al. 2008). 

Statistical downscaling: See downscaling. 

Storm surge: The sea height during storms such as hurricanes that is above the normal level 
expected at that time and place based on the tides alone (USGCRP 2019). 

Stressor: Events and trends, often not climate-related, that have an important effect on the exposed 
system and can increase vulnerability to climate related risk (IPCC 2014). 

Target: The specific aspect of a system that decisions or actions aim to affect. The target could be a 
resource, an asset, a process, a subsystem, etc. Often used to define not only the feature of interest 
(e.g., a species or a historic structure) but also a specific characteristic of that feature (e.g., species 
distribution or condition of the historic structure). 

Thresholds: A general concept from systems science referring to a situation where a small level of 
change in a system’s states produces a relatively large, possibly abrupt, change in system 
configuration or behavior (Meadows 2008). The concept is applicable to natural systems and human-
built systems (including cultural resources). See ecological threshold, ecological transformation, tipping 
point, and transformation. 

Tipping point: A level of change in system properties beyond which a system reorganizes, often 
abruptly, and does not return to the initial state even if the drivers of the change are abated (IPCC 
2014). See ecological transformation and transformation. 

Transformation: A change in the fundamental attributes of natural and human systems (IPCC 
2014). See ecological transformation. 

Urban Flooding: Higher flood flows into urban areas stemming from a combination of extensive 
urban development, aging and frequently undersized infrastructure in older sections of communities, 
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an inability to maintain existing drainage systems, increases in intense rainfall events, and 
uncoordinated watershed management (UMD CDR and Texas A&M CTBS 2018). 

Uncertainty (climate): A state of incomplete knowledge that can result from a lack of information 
or from disagreement about what is known or even knowable. It may have many types of sources, 
from imprecision in the data to ambiguously defined concepts or terminology, or uncertain 
projections of future human behavior. Uncertainty can be represented by quantitative measures (e.g., 
a probability density function) or by qualitative statements (e.g., reflecting the judgment of a team of 
experts) (see Moss and Schneider 2000; Manning et al. 2004; Mastrandrea et al. 2010; IPCC 2014). 
See confidence and likelihood. 

Vulnerability: The degree to which a physical, biological, or socio-economic system is susceptible 
to and unable to cope with adverse impacts of climate change (USGCRP 2019). See vulnerability 
assessment for common components of vulnerability; also, see risk. 

Vulnerability assessment: An evaluation of the extent to which a system is susceptible to harm from 
direct and indirect effects of climate change, including variability and extremes. Vulnerability is 
often based on measures of exposure and sensitivity with consideration for the adaptive capacity of 
living organisms (paraphrased from Rockman et al. 2016, USGCRP 2019). 



 

11 
 

Literature Cited 
36 C.F.R. (U.S. Code of Federal Regulations) § 800.3-13. Protection of Historic Properties, subpart 

B – the section 106 process. Available at: 
https://www.govregs.com/regulations/title36_chapterVIII_part800_subpartB (accessed 08 July 
2021). 

40 C.F.R. (U.S. Code of Federal Regulations) § 1508.20. Protection of the Environment, Council on 
Environmental Quality, Definitions. Available at: 
https://www.govregs.com/regulation/title40_chapterV_part1508_section1508.1 (accessed 08 July 
2021). 

Bagne, K.E., M.M. Friggens, and D.M. Finch. 2011. A system for assessing vulnerability of species 
(SAVS) to climate change. General Technical Report, RMRS-GTR-257. Fort Collins, CO. U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station.  

Beavers, R.L., A.L. Babson, and C.A. Schupp (editors). 2016. Coastal adaptation strategies 
handbook. NPS 999/134090. National Park Service. Washington, DC. 

Connell, S.D., and G. Ghedini. 2015. Resisting regime-shifts: the stabilising effect of compensatory 
processes. Trends in Ecology and Evolution 30:513-515. 

Crausbay, S.D., A.R. Ramirez, S.L. Carter, M.S. Cross, K.R. Hall, D.J. Bathke, J.L. Betancourt, S. 
Colt, A.E. Cravens, M.S. Dalton, J.B. Dunham, L.E. Hay, M.J. Hayes, J. McEvoy, C.A. McNutt, 
M.A. Moritz, K.H. Nislow, N. Raheem, and T. Sanford. 2017. Defining ecological drought for 
the twenty-first century. Bulletin of the American Meteorological Society 98:2543-2550. 

Crist, P.J., P. Comer and M. Harkness. 2012. The refuge vulnerability assessment and alternatives 
technical guide. U.S. Fish and Wildlife Service, Arlington, VA. 

EPA (U.S. Environmental Protection Agency). 2018. Report on the environment. Available at: 
https://cfpub.epa.gov/roe/indicator.cfm?i=87 (accessed 08 July 2021). 

FEMA (U.S. Federal Emergency Management Agency). 2019. Available at: 
https://www.fema.gov/what-mitigation (accessed 08 July 2021). 

Fisichelli, N.A., G.W. Schuurman, and C. Hawkins Hoffman. 2016. Is ‘resilience’ maladaptive? 
Towards an accurate lexicon for climate change adaptation. Environmental Management 57:753-
758. 

Groffman, P., J. Baron, T. Blett, A. Gold, I. Goodman, L. Gunderson, B. Levinson, M. Palmer, H. 
Paerl, G. Peterson, N. LeRoy Poff, D. Rejeski, J. Reynolds, M. Turner, K. Weathers, and J. 
Wiens. 2006. Ecological thresholds: the key to successful environmental management or an 
important concept with no practical application? Ecosystems 9:1-13. 

https://www.govregs.com/regulations/title36_chapterVIII_part800_subpartB
https://www.govregs.com/regulation/title40_chapterV_part1508_section1508.1
https://cfpub.epa.gov/roe/indicator.cfm?i=87
https://www.fema.gov/what-mitigation


 

 12  
 

Gross, J.E., K. Johnson, P. Glick, and K. Hall. 2014. Understanding climate change impacts and 
vulnerability. Pages 87-107 in Climate-smart conservation: putting adaptation principles into 
action [B.A. Stein, P. Glick, N. Edelson, and A. Staudt, editors]. National Wildlife Federation, 
Washington, D.C. 

Gross, J.E., S. Woodley, L.A. Welling, and J.E.M. Watson. 2016. Adapting to climate change: 
Guidance for protected area managers and planners. Best Practice Protected Area Guidance 
Series No. 24. IUCN (International Union for Conservation of Nature), Gland, Switzerland. 

Hegerl, G.C., O. Hoegh-Guldberg, G. Casassa, M.P. Hoerling, R.S. Kovats, C. Parmesan, D.W. 
Pierce, and P.A. Stott. 2010. Good practice guidance paper on detection and attribution related to 
anthropogenic climate change. In Meeting Report of the Intergovernmental Panel on Climate 
Change Expert Meeting on Detection and Attribution of Anthropogenic Climate Change 
[Stocker, T.F., C.B. Field, D. Qin, V. Barros, G.-K. Plattner, M. Tignor, P.M. Midgley, and K.L. 
Ebi, editors]. IPCC Working Group I Technical Support Unit, University of Bern, Bern, 
Switzerland. 

IPCC (Intergovernmental Panel on Climate Change). 2007. Climate change 2007: the physical 
science basis. Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change [S. Solomon, D. Qin, M. Manning, Z. Chen, M. 
Marquis, K. B. Averyt, M. Tigor, and H.L. Miller, editors]. Cambridge University Press, New 
York, NY, USA. 

IPCC (Intergovernmental Panel on Climate Change). 2013. Annex III: Glossary [Planton, S. (ed.)]. In 
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, 
G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. 
Midgley, editors]. Cambridge University Press, New York, NY, USA.  

IPCC (Intergovernmental Panel on Climate Change). 2014. Annex II: Glossary [Agard, J., E.L.F. 
Schipper, J. Birkmann, M. Campos, C. Dubeux, Y. Nojiri, L. Olsson, B. Osman-Elasha, M. 
Pelling, M.J. Prather, M.G. Rivera-Ferre, O.C. Ruppel, A. Sallenger, K.R. Smith, A.L. St Clair, 
K.J. Mach, M.D. Mastrandrea, and T.E. Bilir, editors]. In Climate change 2014: impacts, 
adaptation, and vulnerability. Part B: Regional aspects. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [V.R. Barros, C.B. 
Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. 
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and 
L.L. White, editors]. Cambridge University Press, New York, NY, USA. 

IUCN (International Union for Conservation of Nature). 2013. Guidelines for reintroductions and 
other conservation translocations. Version 1.0. IUCN Species Survival Commission, Gland, 
Switzerland. 

Jones, R.N. 2001. An environmental risk assessment/management framework for climate change 
impact assessments. Natural Hazards 23:197-230. 



 

 13  
 

Karasov-Olson, A., M.W. Schwarz, J.D. Olden, S. Skikne, J.J. Hellmann, S. Allen, C. Brigham, D. 
Buttke, D.J. Lawrence, A.J. Miller-Rushing, J.T. Morisette, G.W. Schuurman, M. Trammell, and 
C. Hawkins Hoffman. 2021. Ecological risk assessment of managed relocation as a climate 
change adaptation strategy. Natural Resource Report NPS/NRSS/CCRP/NRR-2021/2241. 
National Park Service, Fort Collins, CO, USA. 

Manning, M.R., M. Petit, D. Easterling, J. Murphy, A. Patwardhan, H.-H. Rogner, R. Swart, and G. 
Yohe (eds.). 2004: IPCC workshop on describing scientific uncertainties in climate change to 
support analysis of risk of options. Workshop report, Intergovernmental Panel on Climate 
Change, Geneva, Switzerland. 

Mastrandrea, M.D., C.B. Field., C.B. Stocker., O. Edenhofer, K.L. Ebi, D.J. Frame, H. Held, E. 
Kriegler, K.J. Mach, P.R. Matschoss, G.-K. Plattner, G.W. Yohe, and F.W. Zwiers. 2010. 
Guidance note for lead authors of the IPCC Fifth Assessment Report on consistent treatment of 
uncertainties. Intergovernmental Panel on Climate Change, Geneva, Switzerland. Available at: 
www.ipcc-wg2.gov/meetings/CGCs/index.html#UR (accessed 08 July 2021). 

Meadows, D. H. 2008. Thinking in systems: a primer [D. Wright (editor)]. Chelsea Green Publishing 
Co., White River Junction, VT.  

Millar, C.I., Stephenson, N.L., and S.L. Stephens. 2007. Climate change and forests of the future: 
managing in the face of uncertainty. Ecological applications 17:2145-2151. 

Milly, P.C.D., J. Betancourt, M. Falkenmark, R.M. Hirsch, Z.W. Kundzewicz, D.P. Lettenmaier, and 
R.J. Stouffer. 2008. Climate change - stationarity is dead: whither water management? Science 
319:573-574. 

Morelli, T.L., C. Daly, S.Z. Dobrowski, D.M. Dulen, J.L. Ebersole, S.T. Jackson, J.D. Lundquist, 
C.I. Millar, S.P. Maher, W.B. Monahan, K.R. Nydick, K.T. Redmond, S.C. Sawyer, S. Stock, 
and S.R. Beissinger. 2016. Managing climate change refugia for climate adaptation. PLoS ONE 
11(8): e0159909. 

Moss, R.H., and S.H. Schneider. 2000. Uncertainties in the IPCC TAR: Recommendations to lead 
authors for more consistent assessment and reporting. Pages 33-51 in Guidance papers on the 
cross cutting issues of the Third Assessment Report of the IPCC [R. Pachauri, T. Taniguchi, and 
K. Tanaka, editors]. World Meteorological Organization, Geneva. 

Moss, R., M. Babiker, S. Brinkman, E. Calvo, T. Carter, J. Edmonds, I. Elgizouli, S. Emori, L. Erda, 
K. Hibbard, R. Jones, M. Kainuma, J. Kelleher, J.F. Lamarque, M. Manning, B. Matthews, J. 
Meehl, L. Meyer, J. Mitchell, N. Nakicenovic, B. O’Neill, R. Pichs, K. Riahi, S. Rose, P. Runci, 
R. Stouffer, D. van Vuuren, J. Weyant, T. Wilbanks, J.-P.v. Ypersele, and M. Zurek. 2008. 
Towards new scenarios for analysis of emissions, climate change, impacts and response 
strategies. IPCC Expert Meeting Report, 19-21 September 2007, Noordwijkerhout, Netherlands. 
Intergovernmental Panel on Climate Change, Geneva, Switzerland. 



 

 14  
 

NPS (U.S. National Park Service). 2006. Management policies 2006. U.S. Government Printing 
Office, Washington, D.C. 

NPS (U.S. National Park Service). ND. Facility Condition Assessment Survey. Accessed May, 2019. 

NSIDC (U.S. National Snow and Ice Data Center). 2020. Available at: 
https://nsidc.org/cryosphere/glossary/term/isostatic-rebound (accessed 08 July 2021). 

Riahi, K., D. P. van Vuuren, E. Kreigler, J. Edmonds, B.C. O’Neill, S. Fujimori, N. Bauer, K. 
Calving, R. Dellink, O. Fricko, W. Lutz, A. Popp, J.C. Cuaresma, S. KC, M. Leimbach, L. Jiang, 
T. Kram, S. Roa, J. Emmerling, K. Ebi, T. Hasegawa, P. Havlik, F. Humpenöder, A. Da Silva, S. 
Smith, E. Stehfest, V. Bosetti, J. Eom, D. Gernaat, T. Masui, J. Rogelj, J. Strefler, L. Drouet, V. 
Krey, G. Luderer, M. Harmsen, K. Takahashi, L. Vaumstark, J.C. Doelman, M. Kainuma, Z. 
Klimont, G. Marangoni, H. Lotze-Campen, M. Obersteiner, A. Tabeau, M. Tavoni. 2017. The 
shared socieconomic pathways and their energy, land use, and greenhouse gas emissions 
implications: an overview. Global Environmental Change 42: 153-168. 

Rockman, M., M. Morgan, S. Ziaja, G. Hambrecht, and A. Meadow. 2016. Cultural Resources 
Climate Change Strategy. Washington, DC: Cultural Resources, Partnerships, and Science and 
Climate Change Response Program, National Park Service. 

Runyon, A.N., A.R. Carlson, J. Gross, D.J. Lawrence, and G.W. Schuurman. 2019. Repeatable 
approaches to work with scientific uncertainty and advance climate change adaptation in US 
national parks. Park Stewardship Forum 36(1): 98-104. 

Schuurman, W.G., C. Hawkins Hoffman, D.N. Cole, D.J. Lawrence, J.M. Morton, D.R. Magness, 
A.E. Cravens, S. Covington, R. O’Malley, and N.A. Fisichelli. 2020. Resist-accept-direct (RAD) 
- a framework for the 21st-century natural resource manager. Natural Resource Report 
NPS/NRSS/CCRP/NRR--2020/2213. National Park Service, Fort Collins, Colorado. 

Shimadzu, H., M. Dornelas, and A.E. Magurran. 2015. Measuring temporal turnover in ecological 
communities. Methods in Ecology and Evolution 6:1384-1394. 

Siders, A. 2016. 5 Resilient Incoherence—Seeking Common Language for Climate Change 
Adaptation, Disaster Risk Reduction, and Sustainable Development. Pages 101-126 in The Role 
of International Environmental Law in Disaster Risk Reduction [Peel, J. and D. Fisher, editors]. 
Brill | Nijhoff, Leiden, The Netherlands. 

Stein, B.A., P. Glick, N. Edelson, and S. Staudt, editors. 2014. Climate-smart conservation: Putting 
adaptation principles into practice, National Wildlife Federation, Washington, D.C. 

Tonmoy, F.N., A. El-Zein, and J. Hinkel. 2014. Assessment of vulnerability to climate change using 
indicators: a meta-analysis of the literature. Wiley Interdisciplinary Reviews: Climate Change 
5:775–792. 

https://nsidc.org/cryosphere/glossary/term/isostatic-rebound


 

 15  
 

USGCRP (U.S. Global Change Research Program). 2019. Climate Change Glossary. Available at: 
www.globalchange.gov/climate-change/glossary (accessed 16 April 2020). 

UMD CDR and Texas A&M CTBS (University of Maryland, Center for Disaster Resilience, and 
Texas A&M University, Center for Texas Beaches and Shores). 2018. The growing threat of 
urban flooding: a national challenge. College Park: A James Clark School of Engineering. 
https://cdr.umd.edu/urban-flooding-report. 

Watling J.I., L.A. Brandt, F.J. Mazzotti, and S.S. Romañach. 2012. Use and Interpretation of Climate 
Envelope Models: A Practical Guide. University of Florida, 43 pp. 

WCU (Western Carolina University) and NPS (U.S. National Park Service). 2016. Coastal Hazards 
& Climate Change Asset Vulnerability Assessment Protocol: Project Description & 
Methodology. Unpublished report, Western Carolina University, Cullowhee, NC. Available at: 
https://irma.nps.gov/DataStore/Reference/Profile/2279632 (accessed 02 July 2021). 

Williams, B.K., R.C. Szaro, and C.D. Shapiro. 2007. Adaptive management: the U.S. Department of 
the Interior technical guide. Adaptive Management Working Group, U.S. Department of the 
Interior, Washington, DC. 

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

Willis, S.G., W. Foden, D.J. Baker, E. Belle, N.D. Burgess, J.A. Carr, N. Doswald, R.A. Garcia, A. 
Hartley, C. Hof, T. Newbold, C. Rahbek, R.J. Smith, P. Visconti, B.E. Young, and S.H.M. 
Butchart. 2015. Integrating climate change vulnerability assessments from species distribution 
models and trait-based approaches. Biological Conservation 190: 167-178.

http://www.globalchange.gov/climate-change/glossary
https://irma.nps.gov/DataStore/Reference/Profile/2279632


 

 
 

The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides scientific 
and other information about those resources; and honors its special responsibilities to American Indians, Alaska Natives, and 
affiliated Island Communities. 
 
November 2021 



 

 

 
National Park Service 
U.S. Department of the Interior 

 

Climate Change Response Program 
1201 Oakridge Drive, Suite 200 
Fort Collins, CO 80525 

EXPERIENCE YOUR AMERICA TM 

https://www.nps.gov/orgs/ccrp/index.htm

	Coming to Terms with Climate Change: Working Definitions
	Preface
	Glossary
	Literature Cited



