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Summary 
 

This document illustrates the alignment between the Arctic Research Plan 2017-2021 (the Plan) of the 
Interagency Arctic Research Policy Committee and the themes and deliverables of the White House Arctic 
Science Ministerial, held in Washington, DC, on 28 September 2016. The Plan’s performance elements2 
contribute to each of the Ministerial themes, particularly themes 1, 2 & 3, and all of the deliverables. Of 
the total number of performance elements (123), 92 (75%) are contributing to the commitment the 
United States made at the Ministerial to strengthen international collaboration and the inclusion of Arctic 
Indigenous peoples in science and decision-making, and to chart a new collective approach in Arctic 
science.  
 

 

 

  

                                                           
2Performance elements are tasks with concrete, measurable outcomes that demonstrate progress toward satisfying Research 
Objectives. 
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Description 
 

On 28 September 2016, the White House hosted the first ever Arctic Science Ministerial (the Ministerial) 
to advance international collaboration and scientific progress in the Arctic that will enhance the ability to 
inform and serve Arctic residents and the global community. The Ministerial was attended by the science 
ministers, or their equivalents or designees, from 23 foreign governments and the United States, and the 
European Union. The Joint Statement, signed by all the heads of delegation and released at the end of the 
Ministerial, resolved “that all nations conducting research in this region must work together to enhance 
and deepen scientific knowledge and understanding of the Arctic” and recognized “the importance of 
traditional and local knowledge and the sharing of scientific and technological information”. 
 
The Ministerial was organized around four themes that reach across national boundaries and disciplines, 
and provide opportunities to advance understanding of and the ability to respond to rapid climate, 
environmental and socio-economic change. Each theme has several deliverables, i.e., topics that are ripe 
for accelerated scientific progress through enhanced international collaboration to meet shared goals in 
the Arctic. The Fact Sheet released at the end of the Ministerial describes the four themes and the specific 
commitments—that is, projects, programs and initiatives—that individual governments made to advance 
each theme and their deliverables. 
 
The Ministerial themes and deliverables are: 

 
Theme 1. Arctic Science Challenges and their Regional and Global Implications 

a. Warming and Thawing Permafrost 
b. Diminishing Sea Ice 
c. Mass Loss from Glaciers, Ice Caps and the Greenland Ice Sheet 
d. Ecosystem Responses 

  
Theme 2. Strengthening and Integrating Arctic Observations and Data Sharing 

a. Towards an Integrated Arctic Observing Network and Strengthening SAON (Sustaining Arctic 
Observing Networks) 

b. Multidisciplinary Drifting Observatory for the Study of Arctic Climate (MOSAiC) 
c. Year of Polar Prediction (YOPP) 
d. Community-based Observing 

 
Theme 3. Applying Expanded Scientific Understanding of the Arctic to Build Regional Resilience and 

Shape Global Responses 
a. Community Adaptation Strategies 
b. Responses to Societal Challenges 
c. Arctic Operational Environmental Forecasting 
d. Global Responses 

 
Theme 4. Empowering Citizens Through Science, Technology, Engineering and Mathematics (STEM) 

Education Leveraging Arctic Science 
a. Arctic Science for the Benefit of Arctic STEM Educators and Students 
b. Arctic Science for the Benefit of Global STEM Education 
c. International Arctic STEM Education Summit 

https://obamawhitehouse.archives.gov/the-press-office/2016/09/28/joint-statement-ministers
https://obamawhitehouse.archives.gov/the-press-office/2016/09/28/fact-sheet-united-states-hosts-first-ever-arctic-science-ministerial
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In November 2016, the IARPC Principals endorsed IARPC efforts to advance Ministerial themes and 
deliverables that align with IARPC collaboration efforts described in Arctic Research Plan 2017-2021  which 
was released in December 2016. Through IARPC Collaborations, the U.S. can lend its support to 
international efforts and strengthen Ministerial outcomes.  
 
This document illustrates the alignment between the Plan and the Ministerial themes and deliverables. 
The document has four sections, one for each theme. In each section, there is a brief description of each 
deliverable followed by a list of the contributing performance elements3. It should be noted that some 
performance elements contribute to multiple deliverables, illustrating the synergies among performance 
elements and deliverables, and the connectedness inherent in the Arctic System. 
 
Arctic Research Plan 2017-2021 performance elements contribute to each of the Ministerial themes, 
particularly themes 1, 2 & 3, and all of the deliverables. Of the total number of performance elements 
(123), 92 (75%) are contributing to the commitment the United States made at the Ministerial to 
strengthen international collaboration and the inclusion of Arctic Indigenous peoples in science and 
decision-making, and to chart a new collective approach in Arctic science.  
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
3The description of each performance element is preceded by a hyperlink, e.g., Performance Element 3.2.2. The hyperlink 
connects to that performance element at IARPC Collaborations, where progress made in the implementation of that 
performance element is recorded. The reader, whether based in the United States or overseas, is encouraged to follow 
performance element progress, and, indeed, to contribute their own reports to the relevant performance elements. 

http://www.iarpccollaborations.org/plan/index.html
http://www.iarpccollaborations.org/members/milestones/2834
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Theme I: Arctic-Science Challenges  
and their Regional and Global Implications 

 

Deliverable 1: Warming and Thawing Permafrost  
 
Monitor permafrost temperature to identify areas where carbon stocks are vulnerable to release in 
order to improve computer models for predicting the future state of permafrost and greenhouse gas 
emissions, and to inform responses to and increase resilience to the impacts of warming and thawing 
permafrost on the Arctic built environment.  
 

Performance Elements 

1.2.1, 1.3.2, 2.1.2, 2.2.4, 6.1.1, 6.1.2, 6.1.3, 6.1.4, 6.1.5, 6.2.1, 6.2.2, 6.2.3, 6.2.4, 6.2.5, 6.3.1, 6.3.2, 
6.3.3, 6.3.4, 6.4.1, 6.4.2 

 
Performance Element 1.2.1: In collaboration with the ANTHC and the State of Alaska, support development of 
Arctic Water, Sanitation and Hygiene (WASH) innovations and characterize the health consequences associated 
with decreased access to in-home water and sanitation services. 
 
Performance Element 1.3.2: In collaboration with the Alaska Department of Environmental Conservation (ADEC) 
and the Alaska Rural Water and Sanitation Working Group, support the ADEC “Alaska Water and Sewer Challenge” 
and provide input and support for the Conference on Water Innovations for Healthy Arctic Homes (WIHAH) and its 
resultant research activities and recommendations. 
 

Performance Element 2.1.2: Improve uniformity and accessibility of surface radiative and heat flux information 
from satellite retrievals and airborne and ground-based measurements to quantify spatial variability of the surface 
energy budget over land, ice, and open ocean environments in the Arctic. Augment efforts through IARPC 
Collaborations to integrate surface radiative and heat flux measurements with cryospheric process understanding 
and modeling efforts. 
 
Performance Element 2.2.4: In collaboration with efforts described under the Permafrost Goal, support 
observation syntheses of atmospheric carbon to provide better process understanding of the relationships 
between warming and soil carbon release in the Arctic. Integrate atmospheric measurements with related 
observations and modeling of land surface and environmental parameters to advance this process understanding. 
 
Performance Element 6.1.1: Continue to conduct and coordinate monitoring and modeling of permafrost 
temperature across a wide range of terrain units and climatic zones and to use obtained data to refine 
relationships between the ground thermal regime of shallow and deep permafrost and terrain properties. 
 
Performance Element 6.1.2: Conduct field-based research that examines and quantifies relationships among 
surface topography, vegetation composition, hydrology, disturbance effects (including fire and thermokarst), and 
geophysical processes in permafrost soils to feed directly into models, decision support tools, and predictive 
analyses. 
 
Performance Element 6.1.3: Support field-based research to improve understanding of how changes to Arctic lake 
and river ecosystems affect permafrost stability, water availability, and habitat provision, with a particular focus on 
wintertime ice regimes. 
 
Performance Element 6.1.4: Integrate field, laboratory, and remote sensing information to map local, regional, 
and global permafrost-influenced landscape dynamics and their impact on vegetation, hydrology, terrestrial and 

http://www.iarpccollaborations.org/members/milestones/2756
http://www.iarpccollaborations.org/members/milestones/2767
http://www.iarpccollaborations.org/members/milestones/2768
http://www.iarpccollaborations.org/members/milestones/2814
http://www.iarpccollaborations.org/members/milestones/2780
http://www.iarpccollaborations.org/members/milestones/2769
http://www.iarpccollaborations.org/members/milestones/2803
http://www.iarpccollaborations.org/members/milestones/2771
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aquatic ecosystems, and soil carbon dynamics in the Arctic. Develop spatially-explicit decision support systems and 
predictive tools. 
 
Performance Element 6.1.5: Support activities, including the SEARCH Permafrost Action Team, to foster continued 
efforts to link multi-agency investments while expanding empirical datasets and synthesizing information that will 
inform the development of an updated permafrost ground ice content map for Alaska. 
 
Performance Element 6.2.1: Support field-based research and monitoring focused on quantifying the key 
processes controlling soil carbon cycling at northern latitudes and potential carbon release to the atmosphere, 
including temperature and hydrological effects. 
 
Performance Element 6.2.2: Support research to improve scaling methods for estimating CO2 and CH4 emissions 
from the permafrost region (including that which is conducted by the SEARCH Permafrost Action Team) to link 
multi-agency investments in soil carbon research that culminates in synthesis publications. 
 
Performance Element 6.2.3: Utilize empirical, multi-scale approaches to make spatially-explicit estimates of 
vulnerability of permafrost carbon and release of both CO2 and CH4. 
 
Performance Element 6.2.4: Utilize empirical, multi-scale approaches to make spatially explicit estimates of the 
potential extent and modes of abrupt permafrost thaw, including thermokarst and cryogenic landslides, and of the 
downstream effects of these events on microbial processes and carbon fluxes. 
 
Performance Element 6.2.5: Better understand the rate of subsea permafrost degradation and its role in methane 
gas hydrate decomposition and feedbacks to the climate system. Develop estimates of contributions to 
atmospheric carbon from subsea permafrost sources at present and under future scenarios. 
 
Performance Element 6.3.1: Conduct field-based research and monitoring needed to improve understanding of 
the linkages between key terrestrial ecosystem processes and permafrost properties and to incorporate empirical 
information into modeling efforts at various scales. 
 
Performance Element 6.3.2: Carry out research to quantify and integrate across scales, the effects of warming 
permafrost on ecosystem processing related with disturbance regimes, including fire, thermokarst, and landscape 
changes. 
 
Performance Element 6.3.3: Facilitate and harmonize the production of key geospatial datasets from extensive 
field measurements, remotely-sensed, and other data sources needed for model initialization, calibration, and 
validation. Organize and host workshops to enable this activity across agencies engaged in data development with 
attention to data congruity and scalability. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
 
Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
 
Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 

http://www.iarpccollaborations.org/members/milestones/2810
http://www.iarpccollaborations.org/members/milestones/2817
http://www.iarpccollaborations.org/members/milestones/2795
http://www.iarpccollaborations.org/members/milestones/2727
http://www.iarpccollaborations.org/members/milestones/2830
http://www.iarpccollaborations.org/members/milestones/2728
http://www.iarpccollaborations.org/members/milestones/2723
http://www.iarpccollaborations.org/members/milestones/2745
http://www.iarpccollaborations.org/members/milestones/2819
http://www.iarpccollaborations.org/members/milestones/2832
http://www.iarpccollaborations.org/members/milestones/2724
http://www.iarpccollaborations.org/members/milestones/2772
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thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
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Deliverable 2: Diminishing Sea Ice 
 
Investigate fundamental sea ice properties and processes, and atmosphere-ice-ocean interactions and 
feedbacks to understand the continuing decline in sea ice thickness, extent and volume. This will 
improve computer models for understanding the regional and global consequences of sea ice loss, and 
improve predictions of the state of sea ice across a range of time scales from days to decades.  
 

Performance Elements 

2.1.1, 2.1.2, 2.3.1, 2.3.2, 3.1.1, 3.1.2, 3.1.3, 3.1.4, 3.1.5, 3.1.6, 3.1.7, 3.2.1, 3.2.2, 3.3.2, 4.1.2, 4.2.3, 
4.3.4, 4.3.6, 4.3.7 

 
Performance Element 2.1.1: Support planning, preparation, and implementation for the Multidisciplinary drifting 
Observatory for the Study of the Arctic Climate (MOSAiC), including deployment of the DOE Atmospheric Radiation 
Measurement (ARM) mobile atmospheric measurement facility and other coupled measurements on the drifting 
German icebreaker, RV Polarstern, designed to fill observational gaps of radiation and heat fluxes and atmospheric 
constituents in the Arctic interior over open ocean and sea ice domains. 
 
Performance Element 2.1.2: Improve uniformity and accessibility of surface radiative and heat flux information 
from satellite retrievals and airborne and ground-based measurements to quantify spatial variability of the surface 
energy budget over land, ice, and open ocean environments in the Arctic. Augment efforts through IARPC 
Collaborations to integrate surface radiative and heat flux measurements with cryospheric process understanding 
and modeling efforts. 
 
Performance Element 2.3.1: Support and synthesize multi-platform observations of cloud and aerosol properties 
from surface, airborne, and space-borne instruments (integrated with models as appropriate) to describe the 
physical and radiative characteristics of cloud and aerosol over a range of spatio-temporal scales and over a range 
of Arctic land cover domains. 
 
Performance Element 2.3.2: Support integrated observational and modeling studies of atmospheric processes and 
their relationship to land cover that will increase understanding of the characteristics, evolution, and radiative 
properties of Arctic clouds and their interactions with aerosol, leading to advancement in representing clouds in 
models at many scales. 
 
Performance Element 3.1.1: Support investigator-driven observations and process studies of the pack ice (e.g., ice 
thickness distribution, topography/surface roughness and strength; ice motion and deformation; snow depth 
distribution and melt pond characteristics; surface albedo and energy balance) and landfast ice (e.g., extent, 
stability, and break-up). 
 
Performance Element 3.1.2: Continue to support the U.S. Interagency Arctic Buoy Program (USIABP) to provide 
meteorological, ice, and oceanographic data for research purposes and to meet real-time operational 
requirements. USIABP, coordinated by the National Ice Center and the Polar Science Center, Applied Physics 
Laboratory, University of Washington, contributes to the International Arctic Buoy Programme. 
 
Performance Element 3.1.3: Continue Operation IceBridge (OIB) to measure sea ice freeboard and thickness and 
to measure the depth of snow on the ice in late winter 2017, 2018, and 2019 in the western Arctic Ocean. 
 
Performance Element 3.1.4: Launch (1) the NOAA/NASA Joint Polar Satellite System in 2017 to enhance 
understanding of the sea ice age/thickness, ice concentration, ice surface temperatures, snow cover, and snow 
water equivalent; and (2) the NASA Ice, Cloud, and land Elevation Satellite 2 (ICESat-2) in 2018 to estimate sea ice 
thickness over the entire Arctic Ocean and adjacent seas, and in conjunction with the overlapping OIB mission, 
validate the satellite measurements and the algorithms that convert those measurements into sea ice thickness. 

http://www.iarpccollaborations.org/members/milestones/2805
http://www.iarpccollaborations.org/members/milestones/2768
http://www.iarpccollaborations.org/members/milestones/2733
http://www.iarpccollaborations.org/members/milestones/2808
http://www.iarpccollaborations.org/members/milestones/2749
http://www.iarpccollaborations.org/members/milestones/2716
http://www.iarpccollaborations.org/members/milestones/2823
http://www.iarpccollaborations.org/members/milestones/2806
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Performance Element 3.1.5: Use multiple remote sensing data sets to: (1) investigate sea ice properties and 
processes and atmosphere-ice-ocean interactions; and (2) develop algorithms for automated ice edge detection 
and delineation of the marginal ice zone, landfast ice extent, ice classification (e.g., age/type of ice, melt ponds, 
floe size), and ice motion and deformation. 
 
Performance Element 3.1.6: Develop and deploy new technologies that enable persistent data collection on a 
variety of environmental variables using mobile platforms and sensors operating above, on, in, and under the 
Arctic sea ice cover to support a framework of observations that will improve forecasting and prediction of sea ice. 
The Office of Naval Research (ONR) Arctic Mobile Observing System (AMOS) project (FY17-FY21) is an example of a 
contribution to this performance element. 
 
Performance Element 3.1.7: Investigate Arctic Ocean processes, interactions and feedbacks that affect the 
dynamics and thermodynamics of the sea ice cover, including ocean circulation and stratification, turbulence and 
mixing, horizontal and vertical heat transport, and freshwater transport and storage. The ONR Stratified Ocean 
Dynamics of the Arctic (SODA) project (FY16-FY20) is an example of a contribution to this Performance Element. 
 
Performance Element 3.2.1: Support investigator-driven modeling studies designed to understand and 
parameterize key sea ice properties and processes, including ice thickness distribution, topography, and strength; 
ice motion, deformation and mechanics; snow depth distribution and melt pond characteristics; surface albedo 
and energy balance; and biogeochemistry. 
 
Performance Element 3.2.2: Enhance operational sea ice forecasting and research-oriented prediction capabilities 
through improvements to model physics (explicit and parameterized); initialization techniques; assimilation of 
observations, including newly available and future data sources such as VIIRS, AMSR2, CryoSat-2, SMOS, and 
ICESat-2; model evaluation and verification; evaluation of model skill, post-processing techniques and forecast 
guidance tools used in operational forecasts and decision support. 
 
Performance Element 3.3.2: Support a collaborative network of scientists and stakeholders to advance research 
on sea ice predictability and prediction at a variety of time and space scales and communicate new knowledge, 
understanding, and tools to broader audiences. 
 
Performance Element 4.1.2: Continue studies to document Arctic marine species biodiversity (e.g. Arctic Marine 
Biodiversity Observation Network—AMBON—and programs that monitor loss of sea ice) and habitat use in the 
Arctic. Ensure datasets will be available through open access data portals. 
 
Performance Element 4.2.3: Assess the value of recent interdisciplinary programs and data synthesis efforts to 
guide management decisions and allocation of resources. 
 
Performance Element 4.3.4: Continue research and make simultaneous observations of biological, chemical, and 
physical variables to examine linkages among marine species, oceanographic and sea ice conditions, and climate 
change to understand the mechanisms that affect performance and distribution. Quantify feedbacks and 
interactions of bottom-up and top-down processes that regulate production. One such project involves 
investigating the links between bivalve growth and sea ice extent. Several projects require the integration of IK 
(e.g., the Walrus Adaptability and Long-term Responses: Using multi-proxy data to project Sustainability, or 
WALRUS, an NSF-BOEM partnership). 
 
Performance Element 4.3.6: Conduct numerical simulations using coupled models to evaluate feedbacks across 
disciplines and systems. 
 
  

http://www.iarpccollaborations.org/members/milestones/2764
http://www.iarpccollaborations.org/members/milestones/2779
http://www.iarpccollaborations.org/members/milestones/2765
http://www.iarpccollaborations.org/members/milestones/2811
http://www.iarpccollaborations.org/members/milestones/2811
http://www.iarpccollaborations.org/members/milestones/2834
http://www.iarpccollaborations.org/members/milestones/2834
http://www.iarpccollaborations.org/members/milestones/2786
http://www.iarpccollaborations.org/members/milestones/2778
http://www.iarpccollaborations.org/members/milestones/2730
http://www.iarpccollaborations.org/members/milestones/2755
http://www.iarpccollaborations.org/members/milestones/2737


11 

 

Performance Element 4.3.7: Continue development, testing, and runs of prognostic models that use 
Intergovernmental Panel on Climate Change (IPCC) scenarios in a regional context to explore current 
understanding of biophysical interactions and feedbacks, such as perturbations across several modeled food webs 
from the subarctic to the Arctic to estimate relative ecosystem sensitivities and rates of change. Ongoing efforts in 
the Bering Sea (i.e., ACLIM) will serve as a pilot program to consider an ensemble approach of multiple model 
outputs to better understand the impacts of climate change on Arctic LMEs. 

 

Deliverable 3: Mass Loss from Glaciers, Ice Caps and the Greenland Ice Sheet 
 
Investigate the atmosphere-ice-ocean processes that affect the melting and motion of glaciers, ice caps 
and the Greenland Ice Sheet to quantify the mass of ice that is being lost and transferred to the ocean. 
This will improve computer models and the prediction of sea level rise, contributing to greater 
worldwide preparedness that will reduce infrastructure damage and potential loss of life associated with 
sea level rise and storm surges.  
 

Performance Elements 

2.1.2, 2.3.1, 2.3.2, 5.1.1, 5.1.2, 5.1.3, 5.1.4, 5.2.1, 5.2.2, 5.2.3 

 
Performance Element 2.1.2: Improve uniformity and accessibility of surface radiative and heat flux information 
from satellite retrievals and airborne and ground-based measurements to quantify spatial variability of the surface 
energy budget over land, ice, and open ocean environments in the Arctic. Augment efforts through IARPC 
Collaborations to integrate surface radiative and heat flux measurements with cryospheric process understanding 
and modeling efforts. 
 
Performance Element 2.3.1: Support and synthesize multi-platform observations of cloud and aerosol properties 
from surface, airborne, and space-borne instruments (integrated with models as appropriate) to describe the 
physical and radiative characteristics of cloud and aerosol over a range of spatio-temporal scales and over a range 
of Arctic land cover domains. 
 
Performance Element 2.3.2: Support integrated observational and modeling studies of atmospheric processes and 
their relationship to land cover that will increase understanding of the characteristics, evolution, and radiative 
properties of Arctic clouds and their interactions with aerosol, leading to advancement in representing clouds in 
models at many scales. 
 
Performance Element 5.1.1: Maintain support for aircraft and satellite missions that contribute to 
long-term observations of land ice, including: 

1) Continue to operate Landsat-8 to monitor changes in the areal extents of Arctic and sub- Arctic glaciers 
using multispectral imaging to delineate glacier boundaries; 

2) Prepare for the launch of ICESat-2, which will use laser altimetry to infer surface elevation change over 
Arctic glaciers, ice caps, and the Greenland Ice Sheet; 

3) Continue OIB to ensure adequate overlap with ICESat-2 and allow cross-calibration of the altimetry 
measurements; 

4) In partnership with the German Aerospace Center (DLR), prepare for the FY 2018 launch of the Gravity 
Recovery and Climate Experiment Follow-On (GRACE-FO), to continue measurements of the earth’s 
gravity field that have been used to infer ice mass loss from Arctic glaciers, ice caps, and the Greenland Ice 
Sheet; 

5) In partnership with the Indian Space Research Organization (ISRO), continue to develop the NASA-ISRO 
Synthetic Aperture Radar (NISAR) mission, to measure time-varying displacements of ice-covered surfaces 
to infer ice flow and extent in Arctic glaciers, ice caps, and the Greenland Ice Sheet. 

 

http://www.iarpccollaborations.org/members/milestones/2816
http://www.iarpccollaborations.org/members/milestones/2768
http://www.iarpccollaborations.org/members/milestones/2733
http://www.iarpccollaborations.org/members/milestones/2808
http://www.iarpccollaborations.org/members/milestones/2761
http://www.iarpccollaborations.org/members/milestones/2761
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Performance Element 5.1.2: Enable the collection of ground-based observations and associated 
aircraft measurements documenting variability of land ice on a variety of spatial and temporal scales, 
including: 

1) Support the collection and analysis of observations from networks, such as the Greenland Ice Sheet 
Monitoring Network (GLISN) to improve estimation of the earth’s structure under Greenland, analysis of 
deformation within the ice sheet and at its calving margins, and information about glacier dynamics and 
subglacial geology; 

2) Support the collection and analysis of observations from the Oceans Melting Greenland (OMG) mission to 
determine how marine glaciers react to the presence of warm, salty Atlantic water; 

3) Support the U.S. Geological Survey (USGS) Benchmark Glaciers Program in Alaska (Gulkana and Wolverine 
glaciers), which will allow direct comparison of mass balance records from different parts of North 
America to better understand the response of glaciers to climate changes. 

4) Support the collection and analysis of observations from the Ice2O project in Alaska, which seeks to 
understand linkages between changes in snow cover and glacier volume and freshwater delivery to the 
ocean, including impacts on near-shore habitats, coastal currents, marine ecosystems, and local tourism 
and recreation industries.  

 
Performance Element 5.1.3: Support investigator-driven studies of land ice process studies across the Arctic, 
including ocean-glacier interactions, surface and subglacial hydrology, surface mass balance, local surface melt and 
refreezing, firn densification, glacial isostatic adjustment, iceberg melting, surface energy budget, and related 
observations. 
 
Performance Element 5.1.4: Enhance national and international communication and collaboration concerning land 
ice state and processes, for example, through support of the activities of the SEARCH Land Ice Action Team. 
 
Performance Element 5.2.1: Enable the development and assessment of ice sheet models, both as stand-alone 
models and within the context of earth system models, including: 

1) Continue to develop the Ice Sheet System Model (ISSM), a massively parallelized, multipurpose finite-
element framework to model the mass balance of the Greenland Ice Sheet in the near future and inform 
future sea level rise projections; 

2) Continue to develop the Community Ice Sheet Model (CISM), a next-generation ice sheet model that 
serves as the ice dynamics component of the Community Earth System Model (CESM), one of the first 
global climate models to include coupled, dynamic ice sheets; 

3) Continue to develop ice sheet models within mission-oriented modeling frameworks, such as the 
Accelerated Climate Modeling for Energy (ACME) project, which will apply an advanced climate and earth 
system model to investigate the challenges posed by the interactions of climate change and societal 
energy requirements; 

4) Support the Ice Sheet Model Intercomparison Project for CMIP6 (ISMIP6) to improve projections of sea 
level via simulations of the evolution of the Greenland Ice Sheet under a changing climate; 

5) Continue to develop and to deploy the Land Ice Verification and Validation (LIVV) Toolkit for the robust 
evaluation of continental-scale ice sheet models. 

 
Performance Element 5.2.2: Develop data sets to be used as boundary and forcing functions for ice sheet, ice cap, 
and glacier models, including improving regional reanalyses focused on the greater Arctic, improving global 
reanalysis systems in ways that are relevant to the Arctic, and promoting joint observation-modeling-reanalysis-
forecasting activities. 
 
Performance Element 5.2.3: Support investigator-driven modeling projects designed to understand and 
parameterize important land ice processes, including studies of mélange rheologies and dynamics, wet and dry firn 
processes, meltwater infiltration and refreezing, interactions between the glacier front and subglacial outflow 
plumes, and basal sliding laws. 

 

http://www.iarpccollaborations.org/members/milestones/2719
http://www.iarpccollaborations.org/members/milestones/2793
http://www.iarpccollaborations.org/members/milestones/2750
http://www.iarpccollaborations.org/members/milestones/2750
http://www.iarpccollaborations.org/members/milestones/2833
http://www.iarpccollaborations.org/members/milestones/2726
http://www.iarpccollaborations.org/members/milestones/2740
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Deliverable 4: Ecosystem Responses 
 
Improve the understanding of how terrestrial and marine ecosystems are changing across a broad range 
of Arctic regions, as well as elucidate the connections between Arctic ecosystems and global food webs 
that are essential for feeding many people in the Arctic and around the world. This research will improve 
the representation of Arctic ecosystems in computer models and enable more robust projections of the 
future of those ecosystems, habitats and food security.  
 

Performance Elements 

1.3.1, 2.3.3, 4.1.1, 4.1.2, 4.1.3, 4.2.1, 4.2.2, 4.2.3, 4.3.1, 4.3.2, 4.3.3, 4.3.4, 4.3.6,4.3.7, 5.1.1, 5.1.2, 
5.1.3, 6.1.2, 6.1.4, 6.3.1, 6.3.2, 6.3.3, 6.3.4, 7.1.1, 7.1.2, 7.1.3, 7.1.4, 7.2.1, 7.2.2, 7.2.3, 8.1.1, 8.1.2, 
8.1.4, 8.1.5, 8.2.1, 8.2.4, 8.2.5, 8.2.6 

 
Performance Element 1.3.1: In collaboration with the State of Alaska, coordinate investigations and reporting on 
food security in the Arctic, to include shifting patterns of food consumption, the safety of subsistence foods, and 
successful adaptation strategies being employed by northern residents. 
 
Performance Element 2.3.3: In collaboration with efforts described under the Terrestrial Ecosystems Goal, 
understand the impacts of Arctic and Boreal Forest wildfires on emissions, distributions, weather, and climate 
impacts of biomass burning plumes through improved use of emissions databases and chemical transport 
modeling. Gain better understanding of deposition processes through studies and better characterization of the 
spatial (horizontal and vertical) distribution of biomass burning aerosol, especially in the Arctic interior over sea 
ice. 
 
Performance Element 4.1.1: Continue distribution and abundance surveys of Arctic marine species, for example, 
concurrent monitoring of polar bears and their ice seal prey. 
 
Performance Element 4.1.2: Continue studies to document Arctic marine species biodiversity (e.g. Arctic Marine 
Biodiversity Observation Network—AMBON—and programs that monitor loss of sea ice) and habitat use in the 
Arctic. Ensure datasets will be available through open access data portals 
 
Performance Element 4.1.3: Assess winter distributions of key Arctic species, via passive acoustic sampling and 
satellite tagging for marine mammals to include further development of autonomous, unmanned surface and 
underwater vehicles equipped with sensors capable of recording marine mammal vocalizations. 
 
Performance Element 4.2.1: Assess feeding ecology of Arctic species and fill seasonal data gaps. One such project 
will identify walrus prey based on an innovative approach using molecular markers. 
 
Performance Element 4.2.2: Determine basic life history information on age and growth rates of key links in the 
food web. 
 
Performance Element 4.2.3: Assess the value of recent interdisciplinary programs and data synthesis efforts to 
guide management decisions and allocation of resources. 
 
Performance Element 4.3.1: Continue Distributed Biological Observatory (DBO)25 sampling in regions 1-5 and 
make data publicly available through upload of metadata to the Earth Observing Laboratory/DBO data portal. 
 
Performance Element 4.3.2: Continue DBO coordination activities including annual workshops, via participation in 
the Pacific Arctic Group (PAG), and produce the first Pacific Arctic Regional Marine Assessment (PARMA) in 2018. 
 

http://www.iarpccollaborations.org/members/milestones/2754
http://www.iarpccollaborations.org/members/milestones/2763
http://www.iarpccollaborations.org/members/milestones/2739
http://www.iarpccollaborations.org/members/milestones/2739
http://www.iarpccollaborations.org/members/milestones/2778
http://www.iarpccollaborations.org/members/milestones/2802
http://www.iarpccollaborations.org/members/milestones/2829
http://www.iarpccollaborations.org/members/milestones/2747
http://www.iarpccollaborations.org/members/milestones/2730
http://www.iarpccollaborations.org/members/milestones/2758
http://www.iarpccollaborations.org/members/milestones/2831
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Performance Element 4.3.1: Continue Distributed Biological Observatory (DBO)25 sampling in regions 1-5 and 
make data publicly available through upload of metadata to the Earth Observing Laboratory/DBO data portal. 
 
Performance Element 4.3.2: Continue DBO coordination activities including annual workshops, via participation in 
the Pacific Arctic Group (PAG), and produce the first Pacific Arctic Regional Marine Assessment (PARMA) in 2018. 
 
Performance Element 4.3.3: Build connections between DBO and existing community-based observation programs 
and encourage data sharing. For example, the DBO Implementation Plan discusses fostering connections to 
existing community-based observation programs in an effort to link offshore observations of biological change to 
local observations and IK. 
 
Performance Element 4.3.4: Continue research and make simultaneous observations of biological, chemical, and 
physical variables to examine linkages among marine species, oceanographic and sea ice conditions, and climate 
change to understand the mechanisms that affect performance and distribution. Quantify feedbacks and 
interactions of bottom-up and top-down processes that regulate production. One such project involves 
investigating the links between bivalve growth and sea ice extent. Several projects require the integration of IK 
(e.g., the Walrus Adaptability and Long-term Responses: Using multi-proxy data to project Sustainability, or 
WALRUS, an NSF-BOEM partnership). 
 
Performance Element 4.3.6: Conduct numerical simulations using coupled models to evaluate feedbacks across 
disciplines and systems. 
 
Performance Element 4.3.7: Continue development, testing, and runs of prognostic models that use 
Intergovernmental Panel on Climate Change (IPCC) scenarios in a regional context to explore current 
understanding of biophysical interactions and feedbacks, such as perturbations across several modeled food webs 
from the subarctic to the Arctic to estimate relative ecosystem sensitivities and rates of change. Ongoing efforts in 
the Bering Sea (i.e., ACLIM) will serve as a pilot program to consider an ensemble approach of multiple model 
outputs to better understand the impacts of climate change on Arctic LMEs. 
 
Performance Element 5.1.1: Maintain support for aircraft and satellite missions that contribute to 
long-term observations of land ice, including: 

1) Continue to operate Landsat-8 to monitor changes in the areal extents of Arctic and sub- Arctic glaciers 
using multispectral imaging to delineate glacier boundaries; 

2) Prepare for the launch of ICESat-2, which will use laser altimetry to infer surface elevation change over 
Arctic glaciers, ice caps, and the Greenland Ice Sheet; 

3) Continue OIB to ensure adequate overlap with ICESat-2 and allow cross-calibration of the altimetry 
measurements; 

4) In partnership with the German Aerospace Center (DLR), prepare for the FY 2018 launch of the Gravity 
Recovery and Climate Experiment Follow-On (GRACE-FO), to continue measurements of the earth’s 
gravity field that have been used to infer ice mass loss from Arctic glaciers, ice caps, and the Greenland Ice 
Sheet; 

5) In partnership with the Indian Space Research Organization (ISRO), continue to develop the NASA-ISRO 
Synthetic Aperture Radar (NISAR) mission, to measure time-varying displacements of ice-covered surfaces 
to infer ice flow and extent in Arctic glaciers, ice caps, and the Greenland Ice Sheet. 

 
  

http://www.iarpccollaborations.org/members/milestones/2758
http://www.iarpccollaborations.org/members/milestones/2831
http://www.iarpccollaborations.org/members/milestones/2782
http://www.iarpccollaborations.org/members/milestones/2755
http://www.iarpccollaborations.org/members/milestones/2737
http://www.iarpccollaborations.org/members/milestones/2816
http://www.iarpccollaborations.org/members/milestones/2761
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Performance Element 5.1.2: Enable the collection of ground-based observations and associated aircraft 
measurements documenting variability of land ice on a variety of spatial and temporal scales, including: 

1) Support the collection and analysis of observations from networks, such as the Greenland Ice Sheet 
Monitoring Network (GLISN) to improve estimation of the earth’s structure under Greenland, analysis of 
deformation within the ice sheet and at its calving margins, and information about glacier dynamics and 
subglacial geology; 

2) Support the collection and analysis of observations from the Oceans Melting Greenland (OMG) mission to 
determine how marine glaciers react to the presence of warm, salty Atlantic water; 

3) Support the U.S. Geological Survey (USGS) Benchmark Glaciers Program in Alaska (Gulkana and Wolverine 
glaciers), which will allow direct comparison of mass balance records from different parts of North 
America to better understand the response of glaciers to climate changes. 

4) Support the collection and analysis of observations from the Ice2O project in Alaska, which seeks to 
understand linkages between changes in snow cover and glacier volume and freshwater delivery to the 
ocean, including impacts on near-shore habitats, coastal currents, marine ecosystems, and local tourism 
and recreation industries.  

 
Performance Element 5.1.3: Support investigator-driven studies of land ice process studies across the Arctic, 
including ocean-glacier interactions, surface and subglacial hydrology, surface mass balance, local surface melt and 
refreezing, firn densification, glacial isostatic adjustment, iceberg melting, surface energy budget, and related 
observations. 
 
Performance Element 6.1.2: Conduct field-based research that examines and quantifies relationships among 
surface topography, vegetation composition, hydrology, disturbance effects (including fire and thermokarst), and 
geophysical processes in permafrost soils to feed directly into models, decision support tools, and predictive 
analyses. 
 
Performance Element 6.1.4: Integrate field, laboratory, and remote sensing information to map local, regional, 
and global permafrost-influenced landscape dynamics and their impact on vegetation, hydrology, terrestrial and 
aquatic ecosystems, and soil carbon dynamics in the Arctic. Develop spatially-explicit decision support systems and 
predictive tools. 
 
Performance Element 6.3.1: Conduct field-based research and monitoring needed to improve understanding of 
the linkages between key terrestrial ecosystem processes and permafrost properties and to incorporate empirical 
information into modeling efforts at various scales. 
 
Performance Element 6.3.2: Carry out research to quantify and integrate across scales, the effects of warming 
permafrost on ecosystem processing related with disturbance regimes, including fire, thermokarst, and landscape 
changes. 
 
Performance Element 6.3.3: Facilitate and harmonize the production of key geospatial datasets from extensive 
field measurements, remotely-sensed, and other data sources needed for model initialization, calibration, and 
validation. Organize and host workshops to enable this activity across agencies engaged in data development with 
attention to data congruity and scalability. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
 
Performance Element 7.1.1: Carry out and synthesize results from field-based research and monitoring needed to 
improve understanding of important ecosystem processes and feedbacks, including their responses to 
environmental changes. 

http://www.iarpccollaborations.org/members/milestones/2719
http://www.iarpccollaborations.org/members/milestones/2793
http://www.iarpccollaborations.org/members/milestones/2769
http://www.iarpccollaborations.org/members/milestones/2771
http://www.iarpccollaborations.org/members/milestones/2723
http://www.iarpccollaborations.org/members/milestones/2745
http://www.iarpccollaborations.org/members/milestones/2819
http://www.iarpccollaborations.org/members/milestones/2832
http://www.iarpccollaborations.org/members/milestones/2759
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Performance Element 7.1.2: Carry out and synthesize research on and monitoring of the disturbance processes 
responsible for changes to key landscapes, including fire, warming permafrost, insects and pathogens, and human 
activities. 
 
Performance Element 7.1.3: Facilitate and harmonize the production, integration, and distribution of key 
geospatial datasets from remotely-sensed and other data sources that are needed for monitoring key ecosystem 
processes and landscape changes and for model initialization, calibration, and validation. 
 
Performance Element 7.1.4: Improve existing and develop advanced models for integrating climate, disturbance, 
above- and below-ground dynamics and interactions and feedbacks to characterize and predict Arctic landscape 
and ecosystem change. 
 
Performance Element 7.2.1: Coordinate the development of maps from remotely-sensed data and synthesize 
available data to document changing plant, fish, and terrestrial animal populations and their habitats. 
 
Performance Element 7.2.2: Compare trends in aquatic and terrestrial animal populations and movements with 
changing patterns of vegetation cover, lake, pond, and wetland extent and characteristics to determine whether 
and how shifting habitats are influencing animal behaviors and population dynamics. 
 
Performance Element 7.2.3: Incorporate scientific observations and the perspectives of IK and/or LK knowledge 
holders into assessments of how changing Arctic ecosystems, flora, and fauna are affecting important subsistence 
activities, lifestyles, and well-being of northern residents. 
 
Performance Element 8.1.1: Engage coastal community members in research by seeking cooperative opportunities 
between community members, IK holders, and/or LK holders, and researchers in knowledge co-production 
research processes. Employ IK and/or LK to jointly conceive of and plan research activities and to report research 
results back to communities. 
 
Performance Element 8.1.2: Engage coastal community members in research by supporting community-based 
monitoring focused on measuring physical and biotic information by strengthening initiatives led by groups such as 
the Arctic-focused LCCs, BOEM, NOAA, and FWS. 
 
Performance Element 8.1.4: Investigate and protect cultural resources through research to identify and document 
archaeological sites in high-risk, rapidly eroding Arctic coastal areas. 
 
Performance Element 8.1.5: Advance the understanding of storm surge and saline inundation impacts on 
infrastructure and human safety. Multiagency partners include the Alaska Department of Geological and 
Geophysical Surveys and the ACCER. 
 
Performance Element 8.2.1: Monitor and conduct studies to understand trends, processes, and biotic-abiotic 
feedback loops affecting the distribution, abundance, and ecology of coastal species in relation to food security, 
biodiversity, and ecosystems through projects such as the Arctic Council Conservation of Arctic Flora and Fauna 
working group Coastal Biodiversity Monitoring Programme. 
 
Performance Element 8.2.4: Understand and monitor processes to manage and mitigate potential and realized 
threats from coastal invasive species, biotoxicoses, and wildlife diseases by leveraging research under initiatives 
and programs such as One Health, the DBO network, AMBON, and Aerial Surveys of Arctic Marine Mammals 
(ASAMM) work. 
 
Performance Element 8.2.5: Conduct research that informs changes in wildlife hunt, harvest, and conservation 
management such as the Arctic-related LCC-funded moose sightability correction factor model development 
effort. 
 

http://www.iarpccollaborations.org/members/milestones/2738
http://www.iarpccollaborations.org/members/milestones/2812
http://www.iarpccollaborations.org/members/milestones/2774
http://www.iarpccollaborations.org/members/milestones/2775
http://www.iarpccollaborations.org/members/milestones/2725
http://www.iarpccollaborations.org/members/milestones/2732
http://www.iarpccollaborations.org/members/milestones/2741
http://www.iarpccollaborations.org/members/milestones/2789
http://www.iarpccollaborations.org/members/milestones/2717
http://www.iarpccollaborations.org/members/milestones/2792
http://www.iarpccollaborations.org/members/milestones/2809
http://www.iarpccollaborations.org/members/milestones/2797
http://www.iarpccollaborations.org/members/milestones/2751
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Performance Element 8.2.6: Improve knowledge of phenology in relation to coastal climate and plant and animal 
life to better understand issues related to mismatches between prey, predators, hunters, and gatherers in the 
context of and in collaboration with Arctic coastal communities. This element includes a Western Alaska LCC-
funded project on subsistence berry availability. 

http://www.iarpccollaborations.org/members/milestones/2796
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Theme II:  Strengthening and Integrating Arctic  
Observations and Data-Sharing 

 

Deliverable 5: Towards an Integrated Arctic Observing System and Strengthening 

SAON (Sustaining Arctic Observing Networks) 
 
Develop an integrated terrestrial, marine and space-based research and observation infrastructure as an 
Arctic observing system that achieves the SAON vision of long-lived observing networks that provide 
users with full and open access to high-quality data that will realize pan-Arctic and global value-added 
services and societal benefits.  
 

Performance Elements 

2.1.2, 3.1.6, 4.1.2, 4.3.1, 4.3.2, 4.3.3, 5.1.1, 5.1.2, 6.1.1, 6.1.4, 6.1.5, 6.2.1, 6.2.3, 6.2.4, 6.3.1, 6.3.3, 
6.3.4 6.4.1, 9.1.1, 9.1.2 

 
Performance Element 2.1.2: Improve uniformity and accessibility of surface radiative and heat flux information 
from satellite retrievals and airborne and ground-based measurements to quantify spatial variability of the surface 
energy budget over land, ice, and open ocean environments in the Arctic. Augment efforts through IARPC 
Collaborations to integrate surface radiative and heat flux measurements with cryospheric process understanding 
and modeling efforts. 
 
Performance Element 3.1.6: Develop and deploy new technologies that enable persistent data collection on a 
variety of environmental variables using mobile platforms and sensors operating above, on, in, and under the 
Arctic sea ice cover to support a framework of observations that will improve forecasting and prediction of sea ice. 
The Office of Naval Research (ONR) Arctic Mobile Observing System (AMOS) project (FY17-FY21) is an example of a 
contribution to this performance 
element. 
 
Performance Element 4.1.2: Continue studies to document Arctic marine species biodiversity (e.g. Arctic Marine 
Biodiversity Observation Network—AMBON—and programs that monitor loss of sea ice) and habitat use in the 
Arctic. Ensure datasets will be available through open access data portals. 
 
Performance Element 4.3.1: Continue Distributed Biological Observatory (DBO) sampling in regions 1-5 and make 
data publicly available through upload of metadata to the Earth Observing Laboratory/DBO data portal. 
 
Performance Element 4.3.2: Continue DBO coordination activities including annual workshops, via participation in 
the Pacific Arctic Group (PAG), and produce the first Pacific Arctic Regional Marine Assessment (PARMA) in 2018. 
 
Performance Element 4.3.3: Build connections between DBO and existing community-based observation programs 
and encourage data sharing. For example, the DBO Implementation Plan discusses fostering connections to 
existing community-based observation programs in an effort to link offshore observations of biological change to 
local observations and IK. 
 
  

http://www.iarpccollaborations.org/members/milestones/2768
http://www.iarpccollaborations.org/members/milestones/2779
http://www.iarpccollaborations.org/members/milestones/2778
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http://www.iarpccollaborations.org/members/milestones/2758
http://www.iarpccollaborations.org/members/milestones/2831
http://www.iarpccollaborations.org/members/milestones/2831
http://www.iarpccollaborations.org/members/milestones/2782
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Performance Element 5.1.1: Maintain support for aircraft and satellite missions that contribute to long-term 
observations of land ice, including: 

1) Continue to operate Landsat-8 to monitor changes in the areal extents of Arctic and sub- Arctic glaciers 
using multispectral imaging to delineate glacier boundaries; 

2) Prepare for the launch of ICESat-2, which will use laser altimetry to infer surface elevation change over 
Arctic glaciers, ice caps, and the Greenland Ice Sheet; 

3) Continue OIB to ensure adequate overlap with ICESat-2 and allow cross-calibration of the altimetry 
measurements; 

4) In partnership with the German Aerospace Center (DLR), prepare for the FY 2018 launch of the Gravity 
Recovery and Climate Experiment Follow-On (GRACE-FO), to continue measurements of the earth’s 
gravity field that have been used to infer ice mass loss from Arctic glaciers, ice caps, and the Greenland Ice 
Sheet; 

5) In partnership with the Indian Space Research Organization (ISRO), continue to develop the NASA-ISRO 
Synthetic Aperture Radar (NISAR) mission, to measure time-varying displacements of ice-covered surfaces 
to infer ice flow and extent in Arctic glaciers, ice caps, and the Greenland Ice Sheet. 

 
Performance Element 5.1.2: Enable the collection of ground-based observations and associated aircraft 
measurements documenting variability of land ice on a variety of spatial and temporal scales, including: 

1) Support the collection and analysis of observations from networks, such as the Greenland Ice Sheet 
Monitoring Network (GLISN) to improve estimation of the earth’s structure under Greenland, analysis of 
deformation within the ice sheet and at its calving margins, and information about glacier dynamics and 
subglacial geology; 

2) Support the collection and analysis of observations from the Oceans Melting Greenland (OMG) mission to 
determine how marine glaciers react to the presence of warm, salty Atlantic water; 

3) Support the U.S. Geological Survey (USGS) Benchmark Glaciers Program in Alaska (Gulkana and Wolverine 
glaciers), which will allow direct comparison of mass balance records from different parts of North 
America to better understand the response of glaciers to climate changes. 

4) Support the collection and analysis of observations from the Ice2O project in Alaska, which seeks to 
understand linkages between changes in snow cover and glacier volume and freshwater delivery to the 
ocean, including impacts on near-shore habitats, coastal currents, marine ecosystems, and local tourism 
and recreation industries.  

 
Performance Element 6.1.1: Continue to conduct and coordinate monitoring and modeling of permafrost 
temperature across a wide range of terrain units and climatic zones and to use obtained data to refine 
relationships between the ground thermal regime of shallow and deep permafrost and terrain properties. 
 
Performance Element 6.1.4: Integrate field, laboratory, and remote sensing information to map local, regional, 
and global permafrost-influenced landscape dynamics and their impact on vegetation, hydrology, terrestrial and 
aquatic ecosystems, and soil carbon dynamics in the Arctic. Develop spatially-explicit decision support systems and 
predictive tools. 
 
Performance Element 6.1.5: Support activities, including the SEARCH Permafrost Action Team, to foster continued 
efforts to link multi-agency investments while expanding empirical datasets and synthesizing information that will 
inform the development of an updated permafrost ground ice content map for Alaska. 
 
Performance Element 6.2.1: Support field-based research and monitoring focused on quantifying the key 
processes controlling soil carbon cycling at northern latitudes and potential carbon release to the atmosphere, 
including temperature and hydrological effects. 
 
Performance Element 6.2.3: Utilize empirical, multi-scale approaches to make spatially-explicit estimates of 
vulnerability of permafrost carbon and release of both CO2 and CH4. 
 

http://www.iarpccollaborations.org/members/milestones/2761
http://www.iarpccollaborations.org/members/milestones/2719
http://www.iarpccollaborations.org/members/milestones/2780
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http://www.iarpccollaborations.org/members/milestones/2810
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Performance Element 6.2.4: Utilize empirical, multi-scale approaches to make spatially explicit estimates of the 
potential extent and modes of abrupt permafrost thaw, including thermokarst and cryogenic landslides, and of the 
downstream effects of these events on microbial processes and carbon fluxes. 
 
Performance Element 6.3.1: Conduct field-based research and monitoring needed to improve understanding of 
the linkages between key terrestrial ecosystem processes and permafrost properties and to incorporate empirical 
information into modeling efforts at various scales. 
 
Performance Element 6.3.3: Facilitate and harmonize the production of key geospatial datasets from extensive 
field measurements, remotely-sensed, and other data sources needed for model initialization, calibration, and 
validation. Organize and host workshops to enable this activity across agencies engaged in data development with 
attention to data congruity and scalability. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
 
Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
 
Performance Element 9.1.1: Coordinate U.S. agency and outside collaborators support for and participation in the 
international Sustaining Arctic Observing Networks (SAON) process. 
 
Performance Element 9.1.2: Work with the research community and other stakeholders to develop the concept of 
multi-agency research coordination networks to advance observational science and promote broad synthesis 
within thematic research communities. These networks would use a nested observing framework (satellite to 
ground observations) and include innovative and autonomous observing technologies suited to high latitude 
operations and community based observing. 

 
 

Deliverable 6: Multidisciplinary Drifting Observatory for the Study of Arctic Climate   
 
The Multidisciplinary Drifting Observatory for the Study of Arctic Climate (MOSAiC) will support 
intensive observations of the coupled atmosphere-ice-ocean system, including ice-ocean 
biogeochemistry, using the German research vessel Polarstern as the core of a research station that will 
drift with the sea ice for one year. The measurements from deep within the ice pack will facilitate 
understanding, and lead to improvement of models for sea-ice and weather forecasting, marine 
ecosystem changes, and climate prediction. MOSAiC is an integral component of the Year of Polar 
Prediction.  
 

Performance Elements 

2.1.1, 3.1.7 
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Performance Element 2.1.1: Support planning, preparation, and implementation for the Multidisciplinary drifting 
Observatory for the Study of the Arctic Climate (MOSAiC), including deployment of the DOE Atmospheric Radiation 
Measurement (ARM) mobile atmospheric measurement facility and other coupled measurements on the drifting 
German icebreaker, RV Polarstern, designed to fill observational gaps of radiation and heat fluxes and atmospheric 
constituents in the Arctic interior over open ocean and sea ice domains. 
 
Performance Element 3.1.7: Investigate Arctic Ocean processes, interactions and feedbacks that affect the 
dynamics and thermodynamics of the sea ice cover, including ocean circulation and stratification, turbulence and 
mixing, horizontal and vertical heat transport, and freshwater transport and storage. The ONR Stratified Ocean 
Dynamics of the Arctic (SODA) project (FY16-FY20) is an example of a contribution to this Performance Element. 

 

Deliverable 7: Year of Polar Prediction  
 
The Year of Polar Prediction (YOPP) is an initiative of the World Meteorological Organization (WMO) to 
address the need to improve environmental prediction capabilities in the Arctic by focusing on hourly-
to-seasonal-to-centennial time scales. This need will be met, in part, by improved scientific observations 
and understanding. Consequently, the YOPP core phase during 2017-2019 will include efforts to (1) 
improve the Arctic observing system to provide good coverage of high-quality observations in a cost-
effective manner, and (2) gather additional observations through field programs aimed at improving 
understanding of polar key processes. YOPP will inform next steps in optimizing a sustained Arctic 
observing network and advancing Arctic data sharing.  
 

Performance Elements 

3.2.2, 3.3.2, 4.3.6, 4.3.7, 5.2.1, 6.1.1, 6.1.2, 6.1.3, 6.1.4, 6.2.1, 6.3.1, 9.1.1 

 
Performance Element 3.2.2: Enhance operational sea ice forecasting and research-oriented prediction capabilities 
through improvements to model physics (explicit and parameterized); initialization techniques; assimilation of 
observations, including newly available and future data sources such as VIIRS, AMSR2, CryoSat-2, SMOS, and 
ICESat-2; model evaluation and verification; evaluation of model skill, post-processing techniques and forecast 
guidance tools used in operational forecasts and decision support. 
 
Performance Element 3.3.2: Support a collaborative network of scientists and stakeholders to advance research 
on sea ice predictability and prediction at a variety of time and space scales and communicate new knowledge, 
understanding, and tools to broader audiences. 
 
Performance Element 4.3.6: Conduct numerical simulations using coupled models to evaluate feedbacks across 
disciplines and systems. 
 
Performance Element 4.3.7: Continue development, testing, and runs of prognostic models that use 
Intergovernmental Panel on Climate Change (IPCC) scenarios in a regional context to explore current 
understanding of biophysical interactions and feedbacks, such as perturbations across several modeled food webs 
from the subarctic to the Arctic to estimate relative ecosystem sensitivities and rates of change. Ongoing efforts in 
the Bering Sea (i.e., ACLIM) will serve as a pilot program to consider an ensemble approach of multiple model 
outputs to better understand the impacts of climate change on Arctic LMEs. 
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Performance Element 5.2.1: Enable the development and assessment of ice sheet models, both as stand-alone 
models and within the context of earth system models, including: 

1) Continue to develop the Ice Sheet System Model (ISSM), a massively parallelized, multipurpose finite-
element framework to model the mass balance of the Greenland Ice Sheet in the near future and inform 
future sea level rise projections; 

2) Continue to develop the Community Ice Sheet Model (CISM), a next-generation ice sheet model that 
serves as the ice dynamics component of the Community Earth System Model (CESM), one of the first 
global climate models to include coupled, dynamic ice sheets; 

3) Continue to develop ice sheet models within mission-oriented modeling frameworks, such as the 
Accelerated Climate Modeling for Energy (ACME) project, which will apply an advanced climate and earth 
system model to investigate the challenges posed by the interactions of climate change and societal 
energy requirements; 

4) Support the Ice Sheet Model Intercomparison Project for CMIP6 (ISMIP6) to improve projections of sea 
level via simulations of the evolution of the Greenland Ice Sheet under a changing climate; 

5) Continue to develop and to deploy the Land Ice Verification and Validation (LIVV) Toolkit for the robust 
evaluation of continental-scale ice sheet models. 
 

Performance Element 6.1.1: Continue to conduct and coordinate monitoring and modeling of permafrost 
temperature across a wide range of terrain units and climatic zones and to use obtained data to refine 
relationships between the ground thermal regime of shallow and deep permafrost and terrain properties. 
 
Performance Element 6.1.2: Conduct field-based research that examines and quantifies relationships among 
surface topography, vegetation composition, hydrology, disturbance effects (including fire and thermokarst), and 
geophysical processes in permafrost soils to feed directly into models, decision support tools, and predictive 
analyses. 
 
Performance Element 6.1.3: Support field-based research to improve understanding of how changes to Arctic lake 
and river ecosystems affect permafrost stability, water availability, and habitat provision, with a particular focus on 
wintertime ice regimes. 
 
Performance Element 6.1.4: Integrate field, laboratory, and remote sensing information to map local, regional, 
and global permafrost-influenced landscape dynamics and their impact on vegetation, hydrology, terrestrial and 
aquatic ecosystems, and soil carbon dynamics in the Arctic. Develop spatially-explicit decision support systems and 
predictive tools. 
 
Performance Element 6.2.1: Support field-based research and monitoring focused on quantifying the key 
processes controlling soil carbon cycling at northern latitudes and potential carbon release to the atmosphere, 
including temperature and hydrological effects. 
 
Performance Element 6.3.1: Conduct field-based research and monitoring needed to improve understanding of 
the linkages between key terrestrial ecosystem processes and permafrost properties and to incorporate empirical 
information into modeling efforts at various scales. 
 
Performance Element 9.1.1: Coordinate U.S. agency and outside collaborators support for and participation in the 
international Sustaining Arctic Observing Networks (SAON) process. 
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Deliverable 8: Community-Based Observing 
 
A Community-based Observing (CBO) working group will be initiated under SAON. Comprising 
individuals who either participate in or make use of community-based observing, the working group 
aims to strengthen communities throughout the Arctic, engage northern communities in the science 
enterprise, ensure that there is strong participation by representatives of northern communities in the 
leadership of science initiatives in the Arctic, and assist in the effective communication of scientific 
insights among indigenous stakeholders across the Arctic.  
 

Performance Elements 

1.1.2, 3.3.1, 3.3.2, 6.4.2, 8.1.1, 8.1.2, 9.1.2 
 

Performance Element 1.1.2: In collaboration with the ANTHC, support community-based monitoring and IK and LK 
by maintaining and strengthening the Local Environmental Observer (LEO) Network to help describe connections 
between climate change, environmental impacts, and health effects. 
 
Performance Element 3.3.1: Support the Study of Environmental Arctic Change (SEARCH) Sea Ice Action Team to 
synthesize the results of multiple agencies’ and other stakeholders’ investments in sea ice observations and 
process studies and communicate results, information, and the societal implications of sea ice change to broader 
audiences. 
 
Performance Element 3.3.2: Support a collaborative network of scientists and stakeholders to advance research 
on sea ice predictability and prediction at a variety of time and space scales and communicate new knowledge, 
understanding, and tools to broader audiences. 
 
Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
 
Performance Element 8.1.1: Engage coastal community members in research by seeking cooperative opportunities 
between community members, IK holders, and/or LK holders, and researchers in knowledge co-production 
research processes. Employ IK and/or LK to jointly conceive of and plan research activities and to report research 
results back to communities. 
 
Performance Element 8.1.2: Engage coastal community members in research by supporting community-based 
monitoring focused on measuring physical and biotic information by strengthening initiatives led by groups such as 
the Arctic-focused LCCs, BOEM, NOAA, and FWS. 
 
Performance Element 9.1.2: Work with the research community and other stakeholders to develop the concept of 
multi-agency research coordination networks to advance observational science and promote broad synthesis 
within thematic research communities. These networks would use a nested observing framework (satellite to 
ground observations) and include innovative and autonomous observing technologies suited to high latitude 
operations and community based observing. 
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Theme III: Applying Expanded Scientific Understanding of the Arctic  
to Build Regional Resilience and to Shape Global Responses 

 

Deliverable 9: Community Adaptation Strategies   
 
This deliverable addresses the need for adaptation strategies that promote sustainable and resilient 
Arctic communities as they respond to climate, environmental and socio-economic change in the Arctic. 
Some strategies will be informed by research that examines the nexus of traditional ways of life and 
regional and global economic development that includes pressure on Arctic energy and mineral 
resources. Other strategies will derive from recognition of the need for innovative solutions, such as 
access to clean, affordable, efficient, and reliable energy.  
 

Performance Elements 

1.1.2, 1.1.3, 1.1.5, 1.2.1, 1.2.2, 1.2.4, 1.3.3, 6.4.1, 6.4.2, 8.1.1, 8.1.2, 8.1.3 

 
Performance Element 1.1.2: In collaboration with the ANTHC, support community-based monitoring and IK and LK 
by maintaining and strengthening the Local Environmental Observer (LEO) Network to help describe connections 
between climate change, environmental impacts, and health effects. 
 
Performance Element 1.1.3: In coordination with the ANTHC, use the Alaska Native Maternal Organics Monitoring 
Study (MOM) to monitor the spatial distribution, contaminant levels, and biological effects in species having body 
burdens of human caused Persistent Organic Pollutants21 (POPs) at or above levels of concern; and improve 
understanding of the adverse effects of POPs on human populations, especially on child development. 
 
Performance Element 1.1.5: Together with the ANTHC, State of Alaska Department of Fish and Game, and the 
University of Alaska Fairbanks (UAF), support the Rural Alaska Monitoring Program (RAMP), a community-based 
environmental monitoring network in Alaska Native communities to collect samples and data on zoonotic 
pathogens, mercury, and organic contaminants in land and sea mammals used for subsistence. Test marine 
bivalves for contaminants, mercury, and the toxins responsible for paralytic and amnestic shellfish poisoning; test 
mosquitos for the agent of tularemia; and test community water for cyanobacterial toxins. 
 
Performance Element 1.2.1: In collaboration with the ANTHC and the State of Alaska, support development of 
Arctic Water, Sanitation and Hygiene (WASH) innovations and characterize the health consequences associated 
with decreased access to in-home water and sanitation services. 
 
Performance Element 1.2.2: Together with the ANTHC, the Commission for Environmental Cooperation, the Yukon 
Kuskokwim Health Corporation, and Bristol Bay Health Corporation, support research on the health impacts of 
poor indoor air quality, especially in children. Support source testing and technologies to improve indoor air 
quality. 
 
Performance Element 1.2.4: Through efforts like the Arctic-FROST22 Research Coordination Network, synthesize 
knowledge on sustainable development among Arctic communities; develop a state-of-the- art understanding of 
social-ecological systems in the Arctic context; and amass case studies of best practices that support well-being 
and sustainable development across the Arctic. Deliverables will include coordinated educational activities, 
presentations, and validation of research results through researcher/community workshops and educational 
initiatives that involve youth, Indigenous scholars, early career scientists, and members of underrepresented 
groups. 
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Performance Element 1.3.1: In collaboration with the State of Alaska, coordinate investigations and reporting on 
food security in the Arctic, to include shifting patterns of food consumption, the safety of subsistence foods, and 
successful adaptation strategies being employed by northern residents. 
 
Performance Element 1.3.2: In collaboration with the Alaska Department of Environmental Conservation (ADEC) 
and the Alaska Rural Water and Sanitation Working Group, support the ADEC “Alaska Water and Sewer Challenge” 
and provide input and support for the Conference on Water Innovations for Healthy Arctic Homes (WIHAH) and its 
resultant research activities and recommendations. 
 
Performance Element 1.3.3: Together with the Alaska Energy Authority (AEA), the Cold Climate Housing Research 
Center (CCHRC), and UAF, promote research on renewable, efficient, and sustainable (resource, maintenance, and 
cost) energy systems, including microgrid technology development and application in remote Arctic communities 
via USARC’s Arctic Renewable Energy Working Group activities. 
 
Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
 
Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
 
Performance Element 8.1.1: Engage coastal community members in research by seeking cooperative opportunities 
between community members, IK holders, and/or LK holders, and researchers in knowledge co-production 
research processes. Employ IK and/or LK to jointly conceive of and plan research activities and to report research 
results back to communities. 
 
Performance Element 8.1.2: Engage coastal community members in research by supporting community-based 
monitoring focused on measuring physical and biotic information by strengthening initiatives led by groups such as 
the Arctic-focused LCCs, BOEM, NOAA, and FWS. 
 
Performance Element 8.1.3: Support economic development research for the sustainable development of resilient 
communities. For example, create comprehensive economic planning strategies by DOC Economic Development 
Administration (EDA) planning grantees in Alaska coastal communities. 

 

Deliverable 10: Responses to Societal Challenges 
 
This deliverable addresses the sustainability of infrastructure and communities, and the health and well-
being of Arctic residents. It recognizes that environmental change and its effects on infrastructure, 
people and communities compound existing physical and behavioral health disparities between Arctic 
residents and those who live outside the Arctic.  
 

Performance Elements 

1.2.1, 1.2.2, 1.2.3, 1.4.1, 1.4.2, 1.4.3, 1.5.1, 1.5.2, 1.5.3, 5.1.1; 5.2.1, 6.4.1, 6.4.2, 8.1.1, 8.1.2, 8.1.3, 
9.5.1, 9.5.2  

 

Performance Element 1.2.1: In collaboration with the ANTHC and the State of Alaska, support development of 
Arctic Water, Sanitation and Hygiene (WASH) innovations and characterize the health consequences associated 
with decreased access to in-home water and sanitation services. 
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Performance Element 1.2.2: Together with the ANTHC, the Commission for Environmental Cooperation, the Yukon 
Kuskokwim Health Corporation, and Bristol Bay Health Corporation, support research on the health impacts of 
poor indoor air quality, especially in children. Support source testing and technologies to improve indoor air 
quality. 
 
Performance Element 1.2.3: Support educating and connecting Arctic residents with museum collections and 
archival materials to improve community mental health and well-being through efforts such as The Health of 
Heritage. 
 
Performance Element 1.4.1: Together with the American Indian Development Associates (AIDA) and RTI 
International, conduct a National Baseline Study (NBS), also referred to as the Tribal Study of Public Safety and 
Public Health Issues Facing American Indian and Alaska Native Women, to assess Alaska Native women’s 
experiences with violence and victimization, health and wellness, community crime, service needs, and help-
seeking behaviors and outcomes. The NBS will produce a deeper understanding of public safety issues, quantify 
the magnitude of violence and victimization, provide accurate data to develop prevention and intervention 
strategies, and evaluate the response to violence by all levels of government. 
 
Performance Element 1.4.2: Together with the State of Alaska Department of Public Safety and the University of 
Alaska Anchorage, examine the contributions Village Public Safety Officers (VPSO) make to their rural communities 
and the criminal justice responses to violence committed against Alaska Native women. Evaluate and document 
the impact that the Alaska VPSO initiative is having on the investigation and prosecution of those who commit acts 
of sexual and domestic violence against Alaska Native women in rural communities, and determine the 
applicability of the VPSO model to other tribal communities in the United States. 
 
Performance Element 1.4.3: Together with the AIDA, determine effective methods to assess exposure to violence 
and victimization among Alaska Native youth, ultimately to improve their health and wellbeing. Develop and test a 
survey instrument and different administration modes that can effectively evaluate exposure to violence and 
victimization and determine the feasibility of using these procedures in tribal communities. 
 
Performance Element 1.5.1: Increase knowledge and the evidence base for effective community determined 
approaches that contribute to the health and well-being of children and youth as they move into adulthood. 
Efforts like Native Youth Initiative for Leadership, Empowerment, and Development (I-LEAD) and Generation 
Indigenous are examples of contributions to this performance element. 
 
Performance Element 1.5.2: Support tribal behavioral health programs and collaborative research hubs to prevent 
and reduce suicidal behavior and substance abuse and to reduce the burden of suicide and promote resilience 
among Alaska Native youth. The research hubs are intended to increase the reach and research base for effective, 
culturally relevant, preventive interventions that will increase resilience and reduce suicide in Alaska Native 
communities. 
 
Performance Element 1.5.3: Conduct surveys to document and report on adverse childhood experiences (ACEs) in 
Alaska children, including among American Indian and Alaska Native children. 
 
Performance Element 5.1.1: Maintain support for aircraft and satellite missions that contribute to long-term 
observations of land ice, including: 

1) Continue to operate Landsat-8 to monitor changes in the areal extents of Arctic and sub- Arctic glaciers 
using multispectral imaging to delineate glacier boundaries; 

2) Prepare for the launch of ICESat-2, which will use laser altimetry to infer surface elevation change over 
Arctic glaciers, ice caps, and the Greenland Ice Sheet; 

3) Continue OIB to ensure adequate overlap with ICESat-2 and allow cross-calibration of the altimetry 
measurements; 
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4) In partnership with the German Aerospace Center (DLR), prepare for the FY 2018 launch of the Gravity 
Recovery and Climate Experiment Follow-On (GRACE-FO), to continue measurements of the earth’s 
gravity field that have been used to infer ice mass loss from Arctic glaciers, ice caps, and the Greenland Ice 
Sheet; 

5) In partnership with the Indian Space Research Organization (ISRO), continue to develop the NASA-ISRO 
Synthetic Aperture Radar (NISAR) mission, to measure time-varying displacements of ice-covered surfaces 
to infer ice flow and extent in Arctic glaciers, ice caps, and the Greenland Ice Sheet. 
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Performance Element 5.2.1: Enable the development and assessment of ice sheet models, both as stand-alone 
models and within the context of earth system models, including: 

1) Continue to develop the Ice Sheet System Model (ISSM), a massively parallelized, multipurpose finite-
element framework to model the mass balance of the Greenland Ice Sheet in the near future and inform 
future sea level rise projections; 

2) Continue to develop the Community Ice Sheet Model (CISM), a next-generation ice sheet model that 
serves as the ice dynamics component of the Community Earth System Model (CESM), one of the first 
global climate models to include coupled, dynamic ice sheets; 

3) Continue to develop ice sheet models within mission-oriented modeling frameworks, such as the 
Accelerated Climate Modeling for Energy (ACME) project, which will apply an advanced climate and earth 
system model to investigate the challenges posed by the interactions of climate change and societal 
energy requirements; 

4) Support the Ice Sheet Model Intercomparison Project for CMIP6 (ISMIP6) to improve projections of sea 
level via simulations of the evolution of the Greenland Ice Sheet under a changing climate; 

5) Continue to develop and to deploy the Land Ice Verification and Validation (LIVV) Toolkit for the robust 
evaluation of continental-scale ice sheet models. 

 
Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
 
Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
 
Performance Element 8.1.1: Engage coastal community members in research by seeking cooperative opportunities 
between community members, IK holders, and/or LK holders, and researchers in knowledge co-production 
research processes. Employ IK and/or LK to jointly conceive of and plan research activities and to report research 
results back to communities. 
 
Performance Element 8.1.2: Engage coastal community members in research by supporting community-based 
monitoring focused on measuring physical and biotic information by strengthening initiatives led by groups such as 
the Arctic-focused LCCs, BOEM, NOAA, and FWS. 
 
Performance Element 8.1.3: Support economic development research for the sustainable development of resilient 
communities. For example, create comprehensive economic planning strategies by DOC Economic Development 
Administration (EDA) planning grantees in Alaska coastal communities. 
 
Performance Element 9.5.1: Advance coordination among Federally-funded research programs that 
provide decision support to Arctic stakeholders. 
 
Performance Element 9.5.2: Advance policy-relevant science communication through efforts like the 
annual Arctic Report Card,29 the Arctic Research Consortium of the United States (ARCUS), and 
SEARCH. 
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Deliverable 11: Arctic Operational Environmental Forecasting 
 
There will be a coordinated effort to enhance operational and long-range forecasts of Arctic weather, 
water (waves, swell, storm surge), and sea ice at daily, weekly, and seasonal timescales by refining 
models, and to improve climate service delivery to northern communities. Improved operational 
forecasts and climate services are essential to ensure the safety, security and climate resilience of 
northern communities and climate-sensitive economic sectors, such as marine transportation, resource 
exploration, fishing, and tourism. Improved forecasts and climate services will also better protect coastal 
communities and increase their resilience to storm surges, inundation, and erosion hazards.  
 

Performance Elements 

3.2.2, 3.3.2, 6.1.4, 6.2.3, 6.2.4 6.2.5, 6.3.3, 6.3.4, 8.2.1, 8.3.2, 8.4.2, 8.4.3 
 

Performance Element 3.2.2: Enhance operational sea ice forecasting and research-oriented prediction capabilities 
through improvements to model physics (explicit and parameterized); initialization techniques; assimilation of 
observations, including newly available and future data sources such as VIIRS, AMSR2, CryoSat-2, SMOS, and 
ICESat-2; model evaluation and verification; evaluation of model skill, post-processing techniques and forecast 
guidance tools used in operational forecasts and decision support. 
 
Performance Element 3.3.2: Support a collaborative network of scientists and stakeholders to advance research 
on sea ice predictability and prediction at a variety of time and space scales and communicate new knowledge, 
understanding, and tools to broader audiences. 
 
Performance Element 6.1.4: Integrate field, laboratory, and remote sensing information to map local, regional, 
and global permafrost-influenced landscape dynamics and their impact on vegetation, hydrology, terrestrial and 
aquatic ecosystems, and soil carbon dynamics in the Arctic. Develop spatially-explicit decision support systems and 
predictive tools. 
 
Performance Element 6.2.3: Utilize empirical, multi-scale approaches to make spatially-explicit estimates of 
vulnerability of permafrost carbon and release of both CO2 and CH4. 
 
Performance Element 6.2.4: Utilize empirical, multi-scale approaches to make spatially explicit estimates of the 
potential extent and modes of abrupt permafrost thaw, including thermokarst and cryogenic landslides, and of the 
downstream effects of these events on microbial processes and carbon fluxes. 
 
Performance Element 6.2.5: Better understand the rate of subsea permafrost degradation and its role in methane 
gas hydrate decomposition and feedbacks to the climate system. Develop estimates of contributions to 
atmospheric carbon from subsea permafrost sources at present and under future scenarios. 
 
Performance Element 6.3.3: Facilitate and harmonize the production of key geospatial datasets from extensive 
field measurements, remotely-sensed, and other data sources needed for model initialization, calibration, and 
validation. Organize and host workshops to enable this activity across agencies engaged in data development with 
attention to data congruity and scalability. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
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Performance Element 8.2.1: Monitor and conduct studies to understand trends, processes, and biotic-abiotic 
feedback loops affecting the distribution, abundance, and ecology of coastal species in relation to food security, 
biodiversity, and ecosystems through projects such as the Arctic Council Conservation of Arctic Flora and Fauna 
working group Coastal Biodiversity Monitoring Programme 
 
Performance Element 8.3.2: Increase understanding of coastal freshwater hydrologic changes in rivers, lakes, 
snow, and permafrost through projects such as the Soil Climate Analysis Network (SCAN) soil moisture and 
temperature site monitoring. 
 
Performance Element 8.4.2: Develop new sensor technologies and data collection and application methods 
specific to understanding and characterizing relationships within coastal systems across all seasons for natural 
resource, community, and emergency response planning and management. For example, support implementation 
of an integrated coastal and near-coastal water level sensor network, including developing and piloting sensor 
technologies for use in year-round water level observations. 
 
Performance Element 8.4.3: Produce modeled tidal predictions for the U.S. Arctic. Involve multiagency 
collaborators, including Alaska Ocean Observing System (AOOS) representatives. 

 
 

Deliverable 12: Global Responses  
 
This deliverable addresses the strong need to improve Arctic and global weather and climate prediction 
capabilities over a broad range of time scales (hour/daily to decadal/centennial), and to shape Arctic and 
global climate mitigation and response efforts. It recognizes that the globally-driven climate, 
environmental and socio-economic changes occurring in the Arctic have, in turn, hemispheric and global 
consequences. Non-Arctic states, and those Arctic states with extensive extra-Arctic territory, 
understand that it is in their collective interest to reduce their impact on the Arctic while increasing 
understanding of the impact of the changing Arctic on their weather and climate.  
 

Performance Elements 

6.1.4, 6.2.2, 6.3.4, 6.4.1, 6.4.2, 8.3.2, 8.4.2, 8.4.3 
 

Performance Element 6.1.4: Integrate field, laboratory, and remote sensing information to map local, regional, 
and global permafrost-influenced landscape dynamics and their impact on vegetation, hydrology, terrestrial and 
aquatic ecosystems, and soil carbon dynamics in the Arctic. Develop spatially-explicit decision support systems and 
predictive tools. 
 
Performance Element 6.2.2: Support research to improve scaling methods for estimating CO2 and CH4 emissions 
from the permafrost region (including that which is conducted by the SEARCH Permafrost Action Team) to link 
multi-agency investments in soil carbon research that culminates in synthesis publications. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
 
Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
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Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
 
Performance Element 8.3.2: Increase understanding of coastal freshwater hydrologic changes in rivers, lakes, 
snow, and permafrost through projects such as the Soil Climate Analysis Network (SCAN) soil moisture and 
temperature site monitoring. 
 
Performance Element 8.4.2: Develop new sensor technologies and data collection and application methods 
specific to understanding and characterizing relationships within coastal systems across all seasons for natural 
resource, community, and emergency response planning and management. For example, support implementation 
of an integrated coastal and near-coastal water level sensor network, including developing and piloting sensor 
technologies for use in year-round water level observations. 
 
Performance Element 8.4.3: Produce modeled tidal predictions for the U.S. Arctic. Involve multiagency 
collaborators, including Alaska Ocean Observing System (AOOS) representatives. 
 
 

  

http://www.iarpccollaborations.org/members/milestones/2772
http://www.iarpccollaborations.org/members/milestones/2734
http://www.iarpccollaborations.org/members/milestones/2718
http://www.iarpccollaborations.org/members/milestones/2821


32 

 

 
Theme IV: Empowering Citizens through Science,  

Technology, Engineering, and Mathematics (STEM) Education 
Leveraging Arctic Science 

 

Deliverable 13: Arctic Science for the Benefit of Arctic STEM Educators and Students 
 
Education is essential for sustainable development and vital for preparing young people in the Arctic 
today to face tomorrow’s challenges arising from continuing environmental, social, and economic 
change. Educators have shown that engagement with Arctic science to understand this unique and 
globally important region, combined with Arctic traditional and local knowledge, cultures and languages, 
enhances the delivery of education to northern students. A series of workshops will bring together 
students, educators, community leaders, researchers, and other experts to share best practices and to 
expand and develop new partnerships for STEM education in the Arctic.  
 

Performance Elements 

1.2.4, 3.3.1, 3.3.2, 5.1.4, 6.3.3, 6.3.4, 6.4.1, 6.4.2, 8.1.1, 8.2.1 
 

Performance Element 1.2.4: Through efforts like the Arctic-FROST22 Research Coordination Network, synthesize 
knowledge on sustainable development among Arctic communities; develop a state-of-the- art understanding of 
social-ecological systems in the Arctic context; and amass case studies of best practices that support well-being 
and sustainable development across the Arctic. Deliverables will include coordinated educational activities, 
presentations, and validation of research results through researcher/community workshops and educational 
initiatives that involve youth, Indigenous scholars, early career scientists, and members of underrepresented 
groups. 
 
Performance Element 3.3.1: Support the Study of Environmental Arctic Change (SEARCH) Sea Ice Action Team to 
synthesize the results of multiple agencies’ and other stakeholders’ investments in sea ice observations and 
process studies and communicate results, information, and the societal implications of sea ice change to broader 
audiences. 
 
Performance Element 3.3.2: Support a collaborative network of scientists and stakeholders to advance research 
on sea ice predictability and prediction at a variety of time and space scales and communicate new knowledge, 
understanding, and tools to broader audiences. 
 
Performance Element 5.1.4: Enhance national and international communication and collaboration concerning land 
ice state and processes, for example, through support of the activities of the SEARCH Land Ice Action Team. 
 
Performance Element 6.3.3: Facilitate and harmonize the production of key geospatial datasets from extensive 
field measurements, remotely-sensed, and other data sources needed for model initialization, calibration, and 
validation. Organize and host workshops to enable this activity across agencies engaged in data development with 
attention to data congruity and scalability. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
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Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
 
Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
 
Performance Element 8.1.1: Engage coastal community members in research by seeking cooperative opportunities 
between community members, IK holders, and/or LK holders, and researchers in knowledge co-production 
research processes. Employ IK and/or LK to jointly conceive of and plan research activities and to report research 
results back to communities. 
 
Performance Element 8.2.1: Monitor and conduct studies to understand trends, processes, and biotic-abiotic 
feedback loops affecting the distribution, abundance, and ecology of coastal species in relation to food security, 
biodiversity, and ecosystems through projects such as the Arctic Council Conservation of Arctic Flora and Fauna 
working group Coastal Biodiversity Monitoring Programme. 

 

Deliverable 14: Arctic Science for the Benefit of Global STEM Education 
 
Arctic science can be a catalyst for enhancing STEM education outside the Arctic. This approach takes 
advantage of the fact that engagement in science is known to be strengthened when learning is focused 
on understanding our planet, in this case through experience with real observations and research about 
the changing Arctic and how it affects the rest of the world, and engagement with the people who make 
the changing Arctic home. A series of workshops will bring together students, educators, community 
leaders, researchers, and other experts to share best practices and to expand and develop new 
partnerships that enhance STEM education through engagement with Arctic science.  
 

Performance Elements 

1.2.4, 3.3.1, 3.3.2, 5.1.4, 6.3.3, 6.3.4, 6.4.1, 6.4.2, 8.1.1, 8.2.1 
 

Performance Element 1.2.4: Through efforts like the Arctic-FROST22 Research Coordination Network, synthesize 
knowledge on sustainable development among Arctic communities; develop a state-of-the- art understanding of 
social-ecological systems in the Arctic context; and amass case studies of best practices that support well-being 
and sustainable development across the Arctic. Deliverables will include coordinated educational activities, 
presentations, and validation of research results through researcher/community workshops and educational 
initiatives that involve youth, Indigenous scholars, early career scientists, and members of underrepresented 
groups. 
 
Performance Element 3.3.1: Support the Study of Environmental Arctic Change (SEARCH) Sea Ice Action Team to 
synthesize the results of multiple agencies’ and other stakeholders’ investments in sea ice observations and 
process studies and communicate results, information, and the societal implications of sea ice change to broader 
audiences. 
 
Performance Element 3.3.2: Support a collaborative network of scientists and stakeholders to advance research 
on sea ice predictability and prediction at a variety of time and space scales and communicate new knowledge, 
understanding, and tools to broader audiences. 
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Performance Element 5.1.4: Enhance national and international communication and collaboration concerning land 
ice state and processes, for example, through support of the activities of the SEARCH Land Ice Action Team. 
 
Performance Element 6.3.3: Facilitate and harmonize the production of key geospatial datasets from extensive 
field measurements, remotely-sensed, and other data sources needed for model initialization, calibration, and 
validation. Organize and host workshops to enable this activity across agencies engaged in data development with 
attention to data congruity and scalability. 
 
Performance Element 6.3.4: Support continued development of robust modeling tools and approaches to 
integrate models of ecosystem processes at various scales since permafrost dynamics are integral to these 
processes and vice-versa. Facilitate this activity through workshops that foster interagency information exchange, 
engagement, and data development with attention to data congruity and scalability to produce products 
accessible to multiple agencies. 
 
Performance Element 6.4.1: Survey Federal research agencies and non-Federal partners/stakeholders on their use 
of tools, methods, and means to monitor changes in landscape conditions due to changes in permafrost with a 
focus on hazards to infrastructure and health. Develop, enhance, and update “Best Practices” guides for mitigation 
of impacts to building foundations and other infrastructure. 
 
Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
 
Performance Element 8.1.1: Engage coastal community members in research by seeking cooperative opportunities 
between community members, IK holders, and/or LK holders, and researchers in knowledge co-production 
research processes. Employ IK and/or LK to jointly conceive of and plan research activities and to report research 
results back to communities. 
 
Performance Element 8.2.1: Monitor and conduct studies to understand trends, processes, and biotic-abiotic 
feedback loops affecting the distribution, abundance, and ecology of coastal species in relation to food security, 
biodiversity, and ecosystems through projects such as the Arctic Council Conservation of Arctic Flora and Fauna 
working group Coastal Biodiversity Monitoring Programme. 
 

 

Deliverable 15: An International STEM Education Summit 
 
An international Arctic STEM Summit will build on the activities and outcomes of the efforts described 
above to sustain the excitement of and commitments to using Arctic science, and local and traditional 
knowledge, to enrich formal and informal educational opportunities in the Arctic and the rest of the 
World. The summit will create education networks and facilitate information and resource sharing. 
 

Performance Elements 

6.4.2 
 

Performance Element 6.4.2: In collaboration with relevant Indigenous organizations, survey local communities and 
regional agencies—those which maintain infrastructure and monitor health—on the impacts of warming and 
thawing permafrost. Integrate these responses within a document characterizing and summarizing overall impacts 
of warming and thawing permafrost. 
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