
This document is a supplement to the 2025 Arctic Report Card essay: Assessing the State of the Arctic Observing
Network: Strengths, Gaps and Risks to Systems that Track Arctic Change. It includes the three figures found in the
essay (pages 2-4), which summarize the individual diagrams. The individual diagrams and underlying data can be
found on pages 5-40. Acronyms that also appear in the essay are defined there. For a full list of acronyms, please
reach out to the US AON team. 

Ratings are given for a particular context by an individual or a small team of experts. They are subjective but
well-informed representations of reality. The ratings convey the input of these individuals or groups, not US
AON's assessment of a given product or system.

Societal benefit ratings present a particular challenge because benefits are context-dependent and often not
quantifiable. Like other Western science evaluation frameworks, BENEFIT assessment struggles to depict this
nuance. US AON is moving towards cohort ratings for societal benefit. However, the current version of BENEFIT
assessment includes more limited assessments of societal benefits.

Individual evaluations can show the importance of critical capabilities -- be that the strength of a long-term
observing system, the value of a robust communication system, the impact of data product improvements, or
more -- or the impact of specific gaps. As more people develop BENEFIT assessments, the value grows. We will
begin to see more systemic strengths and weaknesses in the Arctic observing system, and opportunities to invest
in systems that will have wide-reaching impacts.

Throughout this document, "TK" (meaning "to know") indicates fields where information is applicable but was
unavailable at the time of data collection, often due to respondent time constraints. This differs from N/A (not
applicable) or TBD (to be determined). Some TK entries may be completed in future updates.

For questions, please reach out to US AON:
Sandy Starkweather, Executive Director: sandy.starkweather@noaa.gov
Hazel Shapiro, Program Analyst: hazel@iarpccollaborations.org

Please request permission to re-use or publish any of this data. 
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Societal benefits of the AON for indicators

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

This figure, read left to right, illustrates the value chain linking AON observations and data to indicators in
the ARC essays, and Arctic Societal Benefit Areas, grouped by indicator type, with the number indicating
the count of essays assessed in each category. Colors indicate composite performance scores; line
thickness indicates weighted and composited criticality. Performance and criticality scores are provided
by the essay authors (see Methods and data). Observing systems are grouped by satellites, aerial, human
and in situ observations. Analyses, reanalyses and models are also used as inputs to ARC essays with the
latter two being derived directly from observations. 
This figure was included as Fig. 1 in the full essay – Assessing the State of the Arctic Observing Network:
Strengths, Gaps and Risks to Systems that Track Arctic Change.
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Societal benefits supported by ARC Essay physical indicators

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change
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ARC Essay, Physical Indicators Societal Benefit Areas

This depiction of the assessed societal benefits for physical indicators provides greater detail on the
specific strengths identified and the level of AON performance for the five most relevant SBAs for physical
indicators. 
This figure was included as Fig. 2 in the full essay – Assessing the State of the Arctic Observing Network:
Strengths, Gaps and Risks to Systems that Track Arctic Change.
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Societal benefits supported by ARC Essay ecological indicators

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

This depiction of the assessed societal benefits for ecological indicators provides greater detail on the
specific strengths identified and the level of AON performance for the five most relevant SBAs for
ecological indicators. Natural Resource Management and Community Resilience SBAs were also identified
as relevant but did not rise to the same level as those pictured here. 
This figure was included as Fig. 2 in the full essay – Assessing the State of the Arctic Observing Network:
Strengths, Gaps and Risks to Systems that Track Arctic Change
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ARC Essay, Ecological Indicators Societal Benefit Areas
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Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Arctic Geese

This assessment maps the inputs and impacts of the Arctic Report Card essay "Arctic Geese of North
America" (2022). The performance related to societal benefit areas is scored against the goal of the Arctic
Report Card, which is to convey the annual status and long-term trend in the vital sign with high
confidence.

https://arctic.noaa.gov/report-card/report-card-2022/arctic-geese-of-north-america/
DOI: 10.25923/txnp-hb02

Information provided by the lead author, John Pearce.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality
Rationale

Gaps Description

Waterfowl
Population

Status

Arctic Geese 90
It is used by the USFWS to set hunting regulations and
other management policies based on the size and

trend of species and populations.

10 TK TK

Avian Studies Arctic Geese 100
It may be used by the USFWS and other agencies to
understand the potential for additional management

policies specific to lesser snow geese in Alaska.

10 TK TK

Aerial Survey
Photography

Avian Studies 100
Imagery from photo surveys have been shown to
produce larger population estimates and with higher

precision than ocular counts.

10 TK

Research is ongoing to apply aerial
imagery surveys to other species and
populations. Improvements are

needed in image analysis techniques
that reduces time spent on manually
checking or counting images, such as
through machine learning.

Arctic Geese Food Security 50

Waterfowl surveys and banding efforts provide
information on the status of species, populations and
their habitats from both an aerial and ground

perspective; Waterfowl surveys and banding efforts
provide information on the status of species,
populations and their habitats from both an aerial and
ground perspective. Data from these efforts, such as
survival rates and total numbers, are used in indices

of habitat quality and quantity, predator
communities, and environmental conditions.

5 TK Tk

Arctic Geese
Sociocultural
Values

100 TK 10 TK TK

Arctic Geese
Terrestrial,
Freshwater

90

Waterfowl surveys and banding efforts provide
information on the status of species, populations and

their habitats from both an aerial and ground
perspective. Data from these efforts, such as survival
rates and total numbers, are used in indices of habitat
quality and quantity, predator communities, and
environmental conditions.; Waterfowl surveys and

banding efforts provide information on the status of
species, populations and their habitats from both an
aerial and ground perspective. Data from these
efforts, such as survival rates and total numbers, are
used in indices of habitat quality and quantity,

predator communities, and environmental conditions.

9 TK TK

Aerial Surveys,

Ocular

Waterfowl
Population
Status

80
Visual estimates are often underestimates and sample
only a part of a species range.
https://doi.org/10.1002/ece3.906

10 TK

Visual estimates are often
underestimates and sample only a part

of a species range.
https://doi.org/10.1002/ece3.906

Band Recovery
Waterfowl
Population

Status

80

Lincoln Peterson provides a way to estimate the
population size (or change in population size) for an
entire population even at continental scales, whereas

aerial surveys are limited in spatial scope. However,
Lincoln estimates require that harvest rates are
sampled in a way that is representative of the same
population that was banded. Another limitation is the
need for an estimate of band reporting rates, and

those are not estimated very often or for every
species.https://doi.org/10.1002/ece3.906

10 TK

Research is ongoing to band more
Arctic geese to evaluate Lincoln
estimates for other species and
populations.
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Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Arctic Geese
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 Strengths, Gaps and Risks to Systems that Track Arctic Change

Beavers

This assessment maps the inputs and impacts of the Arctic Report Card essay "Beaver Engineering:
Tracking a New Disturbance in the Arctic" (2021). The performance related to societal benefit areas is
scored against the goal of the Arctic Report Card, which is to convey the annual status and long-term
trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2021/beaver-engineering-tracking-a-new-disturbance-in-
the-arctic/
DOI: 10.25923/0jtd-vv85

Information provided by the lead author, Ken Tape.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

High Altitude
Aerial Photos

Beaver Pond
Locations

40 Low resolution 2 TK Can't be improved

Aerial
photography

Beaver Pond
Locations

60 incomplete coverage, moderate res 2 TK can't be improved

GeoEye-1
Beaver Pond
Locations

90 high resolution 2 TK none noted - already strong

Worldview
Beaver Pond
Locations

90 high resolution 2 TK none noted - already strong

IKONOS
Beaver Pond
Locations

70 panchromatic, lower resolution 4 TK can't be improved

World
Imagery (ESRI)

Beaver Pond
Locations

75 incomplete coverage 7 TK since improved

Beaver Pond
Locations

Beavers 65
Data product answers questions about
where and when, but not about what or

why.

10 TK

Needs to be expanded to
circumarctic, and needs further
study on what transitions are

occurring at each beaver pond
location

Beavers
Fundamental

Understanding
70

The beaver essay and corresponding

research has led to an improved
understanding of where they are now
and when they will reach other areas of
the Arctic. Then (now) the focus is on
what those impacts will be to lowland
freshwater and riparian ecosystems.

10

This SBA focuses on accruing
societal benefits from
"continuous, high-quality,

scientifically sound observations
of variables that describe the
state of Arctic social, economic,
and environmental systems and
the interrelationships of these

systems with each other and
with global systems". Beaver
colonization represents a new
and dynamic variable impacting
the Arctic system.

What exactly does an Arctic
clogged with beavers function like?

Quite differently than the one now,
without beavers in most places.

Beavers
Resilient
Communities

30

We don't understand beaver impacts

to critical ecosystem services like clean
water and fish. We also have no good
ideas for mitigation, other than
targeted removal of dams where fish
runs are particularly vulnerable.

10

This SBA addresses sustaining
and preserving the vitality and
security of Arctic communities in

a changing region, including
mitigating and adapting to
climatic and environmental
conditions. Beaver engineering
directly affects resources and

conditions important to Arctic
residents.

We don't understand beaver
impacts to critical ecosystem
services like clean water and fish.
We also have no good ideas for

mitigation, other than targeted
removal of dams where fish runs
are particularly vulnerable.

Beavers
Terrestrial,

Freshwater
60

There remains much that we do not
understand about how beavers affect

terrestrial and freshwater ecosystem
processes in the Arctic.

10

This SBA focuses on
understanding, managing,

monitoring, protecting,
preserving, and sustainably using
terrestrial and freshwater
resources and ecosystems.
Beaver activities directly modify
these environments, making this

SBA highly relevant.

most of this essay is about
understanding, rather than
mitigation. management is where
it's headed once understanding is
mostly complete

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Beavers
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Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Greenland Ice Sheet

This assessment maps the inputs and impacts of the Arctic Report Card essay "Greenland Ice Sheet"
(2024). The performance related to societal benefit areas is scored against the goal of the Arctic Report
Card, which is to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/greenland-ice-sheet-2024/
DOI: 10.25923/njxd-b820

Information provided by the lead author, Kristin Poinar.
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From To
Performa
nce Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

AWS
DMI Weather
Station Data

90 Basic fundamental data. 10 Basic fundamental data.

Greenland Ice
Sheet

Environmenta
l Quality

90

Ice mass loss to the ocean is a

major change to Earth's
environmental quality. This essay
reports the annual mass loss
quantity from the Greenland Ice
Sheet.

8

This SBA is highly relevant as the "Greenland
Ice Sheet" essay directly documents the

changing state of a fundamental component
of the natural Arctic environment. The
observed ice loss represents a significant
alteration of environmental quality, largely
driven by climate change and contributing

to global environmental shifts.

The performance rating could be

improved by emphasizing the
importance of steady sea levels that
stay at the level at which Holocene
societies and modern infrastructure
developed.

Greenland Ice
Sheet

Fundamental
Understandin

g

80

The essay reports the current state
of the ice sheet. While causality is
reported for some of the findings, it
is not a primary focus.

10

This SBA is highly relevant because the
"Greenland Ice Sheet" essay provides a

comprehensive assessment of the state,
trends, and processes of the Greenland Ice
Sheet, which is a critical component of the
broader Arctic system. The essay's core
purpose is to report the annual state of this

vital system component and its dynamics.

The performance rating could be
improved by delving deeper into
causality of the year-to-year
observations. However, within the

limitations of the essay (no new
research; small word cap), this is not
realistic.

GRACE-FO
GRACE-FO
Level-2 RL06

90 TK 10 This is the only source for these data. TK

PROMICE
Weather Station

Data

Greenland
albedo

80 TK 5 TK TK

Sentinel-3
Greenland
albedo

8 TK 5 TK TK

DMI Weather
Station Data

Greenland Ice
Sheet

80 Limited sites and location variation. 3 TK TK

PROMICE Solid
Ice Discharge

Greenland Ice
Sheet

90
Extensive coverage and very
regular data updates.

3 TK TK

PROMICE
MODIS Climate

Data Record

Greenland Ice
Sheet

80 TK 4 TK TK

GRACE-FO
Level-2 RL06

Greenland Ice
Sheet

100

This is the one observational
dataset that allows us to comment
on total mass change, which is the

single most important number for
the ice sheet.

10 TK TK

MEaSUREs
Greenland

Surface Melt

Greenland Ice
Sheet

90
The spatial resolution is somewhat
low and limits details at the ice

edge.

4 TK TK

Greenland
albedo

Greenland Ice
Sheet

80 TK 6 TK TK

ICESat-2 ATL06
Greenland Ice
Sheet

70 TK 5 TK TK

PROMICE
Weather Station

Data

Greenland Ice
Sheet

80 Limited sites and location variation. 3 TK TK

ICESat-2
ICESat-2
ATL06

100 TK 10 TK TK

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Greenland Ice Sheet
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From To
Performa
nce Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Greenland Ice

Sheet

Marine,

Coastal
70

The effects of ice sheet melt on

coastal processes and ecosystems
are large and undeniable, but these
effects are not a focus of this essay.
Rather, the essay emphasizes the
scale of the annual mass loss from
the ice sheet and its sources.

6

This SBA has moderate relevance because

the essay underscores the direct impacts of
Greenland Ice Sheet mass loss on coastal
environments and ecosystems worldwide.
Its assessment is one factor for
understanding ecosystem health and
changes.

The performance rating could be
improved by devoting more space to
the implications of ice loss to the

global ocean. However, information
about the global ocean or global
ecosystems would be out of place in
an essay that is about the Greenland
Ice Sheet. Our author team also

lacks core competency in available
datasets and analyses for such
factors.

DMSP SSM/I-
SSMIS

MEaSUREs
Greenland

Surface Melt

90 TK 10 TK TK

MODIS

PROMICE
MODIS

Climate Data
Record

90 TK 10

It may be possible to get this data from
Aqua, but I'm not sure if that instrument is

working properly. I *think* this may be the
only source for these data.

TK

SAR
PROMICE
Solid Ice

Discharge

90 TK 6

There are three different sources for
synthetic aperture radar that providing ice

motion data. They work together to provide
a more complete time series. This criticality
rating is lower because it assesses the
potential impact of losing a single SAR. In
that scenario, the other two would still be

available for measurements

TK

In Situ Glacier
Gates

PROMICE
Solid Ice

Discharge

90 TK 9
These are necessary, but a more of a
sampling to do item than a special dataset

on their own.

TK

BedMachine3
PROMICE
Solid Ice

Discharge

80

This is an excellent tool for ice
sheet bed/bathymetry elevation,
but some big uncertainties remain -

especially in the challenging coastal
regions.

8 TK TK

AWS
PROMICE
Weather

Station Data

90 TK 10 Basic fundamental data. TK

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Greenland Ice Sheet
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Lake Ice

This assessment maps the inputs and impacts of the Arctic Report Card essay "Lake Ice" (2022). The
performance related to societal benefit areas is scored against the goal of the Arctic Report Card, which is
to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2022/lake-ice/
DOI: 10.25923/1v84-vt30

Information provided by the lead author, Laura Brown.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

VIIRS NIC IMS 90

VIIRS Composites are useful. When MODIS
dies this will be critical. Would like similar
color schemes available via NASA
Worldveiw, but no colors in IMS

4 TK

VIIRS Composites are useful.
When MODIS dies this will be
critical. Would like similar color

schemes available via NASA
Worldveiw, but no colors in IMS

RCM SAR NIC IMS 85
Do not get enough collections; Sentinel is
workhorse

6 TK
Do not get enough collections;
Sentinel is workhorse

GMASI
(Autosnow

Ice)

NIC IMS 80

Useless in winter; Sumertime adds value;
Useful to find snow under warm clouds in
spring, especially where no surface
stations available.

2 TK

Useless in winter; Sumertime
adds value; Useful to find snow
under warm clouds in spring,

especially where no surface
stations available.

Metop ASCAT NIC IMS 95 After SAR, MODIS; bottom tier product 3 TK
After SAR, MODIS; bottom tier
product

NIC Ice Charts NIC IMS 40
Only used after imagery sources are used,
not published daily

5 TK
Only used after imagery sources
are used, not published daily

In Situ Land
Snow

NIC IMS 90 Good coverage, but still limited 3 TK Good coverage, but still limited

GEOStationar
y VIR

NIC IMS 95
Looping function had increased utility.
Longer loops requested for IMS Dev team

6 TK
Looping function had increased
utility. Longer loops requested

for IMS Dev team

MODIS NIC IMS 100 Better than VIIRS due to looping 4 Tk TK

Himawari: AHI
(V-IR)

NIC IMS 95
Looping function had increased utility.
Longer loops requested for IMS Dev team

6 TK
Looping function had increased
utility. Longer loops requested

for IMS Dev team

GCOM-W
AMSR-2

NIC IMS 90
In development now. Will make ASCAT
obsolete.

4 TK
In development now. Will make
ASCAT obsolete.

In Situ Ice
Sensors

NIC IMS 90 Good coverage, but still limited 3 TK Good coverage, but still limited

DMSP SSM/I-
SSMIS

NIC IMS 50 Useless due to high fidelity products. 2 TK
Useless due to high fidelity
products.

Sentinel-1 SAR NIC IMS 90 TK 8 TK TK

NIC IMS Lake Ice 95
best data product for the intended
application would have very limited

performance without it

9 TK TK

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Lake Ice
Fundamental

Understanding
95

The Lake Ice essay contributed

most in this category, directly
linking the air temperature to the
ice cover and furthering the
understanding and impacts of
annual variability across the entire
pan-arctic

10

This Societal Benefit Area focuses on
continuous, high-quality, scientifically

sound observations that describe the
state and interrelationships of Arctic
social, economic, and environmental
systems. The "Lake Ice" essay directly
provides such observations for a
critical component of the Arctic

cryosphere.

limitations with this work is the
spatial resolution of the data
product used, however, finer
resolution data poses challenges
for full aerial coverage

Lake Ice
Terrestrial,

Freshwater
83

The lake ice work provides an

analysis of change that can be
directly linked to terrestrial and
freshwater ecosystems as the
changing ice cover strongly affects
the available light in the lakes in the
winter season.

8

This Societal Benefit Area is concerned
with understanding, managing,

monitoring, protecting, preserving, and
sustainably using terrestrial and
freshwater resources and ecosystems.
The "Lake Ice" essay directly addresses
a key aspect of freshwater ecosystems
and explicitly mentions "impacts on

ecology".

limitations with this work is the
spatial resolution of the data
product used, however, finer
resolution data poses challenges
for full aerial coverage

Lake Ice
Weather and

Climate
83

The annual lake ice state captured
in the Arctic Report Card provides

insight into the entire hemisphere's
ice cover response to annual
variability in air temperature as well
as oscillation patterns and their
regional impacts. This will help
towards better representation in

models.

6

This Societal Benefit Area focuses on
improved weather and climate
information, climate projections, and

enhanced forecasts that contribute to
saving lives, providing socioeconomic
benefits, and improving decision-
making. The "Lake Ice" essay directly
states that lake ice is a robust indicator

of regional climate trends and
variability and is predominantly
influenced by air temperature changes.

limitations with this work is the
spatial resolution of the data
product used, however, finer
resolution data poses challenges
for full aerial coverage

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Lake Ice
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Ocean Primary Productivity

This assessment maps the inputs and impacts of the Arctic Report Card essay "Arctic Ocean Primary
Productivity: The Response of Marine Algae to Climate Warming and Sea Ice Decline" (2024). The
performance related to societal benefit areas is scored against the goal of the Arctic Report Card, which is
to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/arctic-ocean-primary-productivity-the-response-of-
marine-algae-to-climate-warming-and-sea-ice-decline-2024/
DOI: 10.25923/9ex0-t425

Information provided by the lead author, Karen Frey. 15
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Ocean
Primary
Productivity

Food Security 60

While ocean color remote sensing can give
understanding into primary productivity in
the Arctic Ocean, ongoing challenges with

gaps (see to the right) as well as additional
complexities with multiple inputs (sea
surface temperature, sea ice, etc.) reduce
accuracy of estimates. Satellite primary
productivity estimates likely overestimate

along coastlines, but underestimate in the
presence of sea ice or when subsurface
blooms are present. Additional complexities
that relate primary productivity to
ecosystem health and food security
(harmful algal blooms, inability to observe

processes in the subsurface to understand
pelagic-benthic coupling) likely reduce the
performance rating here (compared to the
above).

9

The essay is highly relevant to
the Food Security SBA, tracking
Arctic primary productivity
(2003-2024), the climate-
sensitive foundation of the

marine food web [5, Previous
response]. Monitoring these
shifts is vital for marine
ecosystems and resource
management, directly
supporting sustainable fisheries

and understanding climate
change impacts on Arctic
hunting and fishing for food
security.

Same as both of the above, but
additional challenges are that it's not
always clear whether ecosystem
health (and thefore food security) are
positively correlated with primary

production rates. For instance, the
timing of production is important for
ecosystems, whether production
includes harmful algal blooms is
critical, etc. However, for such remote
areas, ocean color remote sensing still

provides critical observations for
otherwise lacking insight into ocean
productivty across broad marine
areas.

Ocean
Primary
Productivity

Fundamental

Understanding
70

While ocean color remote sensing can give
understanding into primary productivity in
the Arctic Ocean, ongoing challenges with

gaps (see to the right) as well as additional
complexities with multiple inputs (sea
surface temperature, sea ice, etc.) reduce
accuracy of estimates. Satellite primary
productivity estimates likely overestimate
along coastlines, but underestimate in the

presence of sea ice or when subsurface
blooms are present.

9

This SBA is inherently focused
on the understanding of Arctic
processes, variables, and rates
of change, which is the core
contribution of the "Arctic

Ocean Primary Productivity"
essay. The essay provides direct
assessment and analysis of a
critical biological process within
the Arctic system.

Importantly, the chlorophyll-a and
primary productivity data are shown
for ocean areas with less than 10% sea

ice concentration and, therefore, do
not include production by sea ice algae
or under-ice phytoplankton blooms,
which can be significant. Furthermore,
it is known that satellite observations

can underestimate production under
stratified conditions when a deep
chlorophyll maximum is present. The
variable distribution of sediments and
CDOM (owing to riverine delivery,

coastal erosion, and sea ice dynamics)
can also affect the accuracy of
satellite-based estimations of
chlorophyll-a and primary productivity
in Arctic waters. Furthermore, the
finite temporal extents of satellite

platforms (e.g., NASA plans to end
Aqua-MODIS science data collections
in August 2026) so efforts are
necessary to dovetail multiple time
series (sometimes from quite different

platforms) to ensure continuity of
ocean color data.

Ocean
Primary
Productivity

Marine,

Coastal
70

While ocean color remote sensing can give
understanding into primary productivity in
the Arctic Ocean, ongoing challenges with

gaps (see to the right) as well as additional
complexities with multiple inputs (sea
surface temperature, sea ice, etc.) reduce
accuracy of estimates. Satellite primary
productivity estimates likely overestimate

along coastlines, but underestimate in the
presence of sea ice or when subsurface
blooms are present.

9

This SBA is explicitly relevant as
the essay's subject matter—
Arctic Ocean Primary
Productivity—is fundamental to
marine and coastal ecosystems.

The essay directly provides
assessment and understanding
of how these ecosystems are
responding to environmental
change.

Same as above, but there are also
challenges with reliance of primary
productivity estimates not only being
dependent upon ocean color data
(described above), but also reliant

upon sea ice data and sea surface
temperature data that can have their
own unique challenges that can
propopgate into a complex algorithm
such as primary productivity.

MODIS
NASA Ocean
Color
Chlorophyll-a

80 TK 10

Primary productivity would be
impossible to calculate in the

absence of chl-a concentrations,
which is a primary variable.

TK
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

In situ buoys
NOAA OISST
(>60N)

80

This performance relates to the value
of the data where it is available. See
gaps for issues related to spatially
comprehensive performance.

6

Losing both ships and buoys would
reduce the OISST performance

score to 40/100, because ship and
buoy observations are needed for
bias correction. Losing either ships
or buoys would reduce the
performance score of NOAA OISST

to 60/100.

Gaps relate to poor spatial density of
observations, due to limited

deployments.

ICOADS Argo
NOAA OISST

(>60N)
80

This performance relates to the value
of the data where it is available. See

gaps for issues related to spatially
comprehensive performance.

6 TK

Gaps relate to poor spatial density of
observations. Argo also has

performance issues under/in ice
covered waters.

Metop
AVHRR

NOAA OISST
(>60N)

60

AVHRR is the most important input for
this gridded data set, but faces

significant challenges in polar regions,
primarily due to the difficulty in
distinguishing between clouds, snow,
and ice with similar spectral
characteristics, especially at night.

Wanqui Wang provided these
estimates. 1. I would rate the
performance over 60N 80/100. If
needed, we can provide a figure
comparing different SST analyses to

estimate the uncertainty.

10
Losing AVHRR would drop the
performance of NOAA OISST

significantly (to approx 10/100).

AVHRR (Advanced Very High
Resolution Radiometer) faces
significant challenges in polar regions,

primarily due to the difficulty in
distinguishing between clouds, snow,
and ice with similar spectral
characteristics, especially at night. This
makes cloud detection and

subsequent retrieval of surface
parameters like temperature and
albedo prone to high uncertainty.
Additionally, poor data access and
standardization across different
archiving institutions hinder

widespread use, despite the sensor's
importance for long-term climate
monitoring in these regions

ICOADS

Ships

NOAA OISST

(>60N)
60

Data is high performance, where
available. This performance rating
relates to poor spatial coverage.

6

Losing both ships and buoys would
reduce the rate to 40/100, because
ship and buoy observations are

needed for bias correction. Losing
each of ships and buoys would
reduce the rate to 60/100."

Gaps relate to the inadequate spatial

density of ship observations

DMSP SSM/I-

SSMIS

NSIDC Sea Ice

Index
90

SSMIS is part of the consistent, long-
term record. With SSMI and SMMR, it

has provided a >46 year record of sea
ice conditions.

3

With the current gaps in SSMIS
coverage and the impending end of
the mission (Sep 2026) and with

AMSR2 having replaced it in the Sea
Ice Index, SSMIS is not longer critical
to carrying on the record. However,
if AMSR2 were to have problems,
SSMIS would need to be a fall-back,

at least until Sep 2026 (or until
AMSR3 data are available, likely in
July 2026).

TK

NOAA OISST
(>60N)

Ocean Primary
Productivity

80
There are missing data issues, which is
why the interpolation is present -- but

generally, it is a reliable product.

1 TK TK

NSIDC Sea
Ice Index

Ocean Primary
Productivity

90 TK 2 TK TK

NASA Ocean
Color

Chlorophyll-
a

Ocean Primary

Productivity
80 TK 10

Primary productivity would be
impossible to calculate in the

absence of chl-a concentrations,
which is a primary variable.

TK
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Line color indicates performance

Line thickness indicates criticality

Performance rating (1-100)

Thicker lines indicate higher criticality. Thinner lines indicate lower criticality.

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Pollinators

This assessment maps the inputs and impacts of the Arctic Report Card essay "Arctic Pollinators" (2022).
The performance related to societal benefit areas is scored against the goal of the Arctic Report Card,
which is to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2022/arctic-pollinators/

Information provided by the lead author, Casey Burns.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Pollinators Food Security 20

As a fundamental ecosystem process,
pollination supports habitat for

numerous wild food sources from large
mammals to berries. Monitoring to
understand the pollination potions of
ecosystem processes related to food
security is established with a dedicated

network but there are many gaps.

4

This Societal Benefit Area focuses
on the accessibility, availability,
sustainability, safety, and exchange
of food for Arctic peoples. The

"Arctic Pollinators" essay explicitly
identifies pollinators as vital to
food systems.

Spatial gaps, temporal gaps (e.g. repeat
visits to monitoring sites), taxa gaps

(e.g. flies), responses to stressors.

Pollinators
Fundamental

Understanding
40

Understanding Arctic ecological
processes inherently includes

understanding pollination and plant
reproduction, as well as pollinators role
as a food source in Arctic food webs.
Monitoring to understand the
pollination potions of Arctic systems is
established with a dedicated network

but there are many gaps.

10

This SBA is defined as accruing
societal benefit from "continuous,

high-quality, scientifically sound
observations of variables that
describe the state of Arctic social,
economic, and environmental
systems and the interrelationships

of these systems with each other
and with global systems". The
"Arctic Pollinators" essay directly
contributes to this by providing
insights into a crucial biological
component of the Arctic system

and its responses to change.

Spatial gaps, temporal gaps (e.g. repeat
visits to monitoring sites), taxa gaps
(e.g. flies), responses to stressors.

Species
Richness

Pollinators 50

On a macro-scale (country or Arctic
zone), the existing data is decent for
uinderstanding richness, but as you

zoom in to finer scales, large areas are
lacking basic inventories.

7 TK
Standardised, comprehensive Arctic-
wide surveys supported by DNA

barcode libraries

Species

Distribution
Pollinators 30

The database is incomplete - there are
large areas of the Russian Arctic that

are under-recorded for example. The
data have been collected by a range of
individuals from amateurs to
professionals, individuals to
organisations, and as such validation of
many of the records are unlikely to be

possible

8 TK
Standardised, comprehensive Arctic-
wide surveys supported by DNA
barcode libraries

Relative
Abundance

Pollinators 40

This application performs well for a
single location, although it does not
cover all pollinator species groups (i.e.,

bees are omitted because they are rare
in Zackenberg). However, it is not useful
for generalising patterns to Arctic-wide
systems

8 TK

Long-term monitoring is required in a
range of locations throughout the
Arctic, and support and technologies

for identifying the resulting insect
material to species level is required.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Human

Observers

Relative

Abundance
40

The monitoring programme at
Zackenberg is the only research station
with more than 20 years of data. It
performs well as a basic standardised

monitoring method, but more are
required to provide Arctic wide
assessments of trends. More monitoring
stations are already in place, but will
take time to generate suitable data.

Furthermore, as shown in Høye et al
(2021;
https://doi.org/10.1073/pnas.20025571
17 ), trends of different groups of insect
depend on habitat type, and are likely
to respond differently to a range of

seasonal cues. This highlights the need
to expand monitoring to a wider range
of Arctic areas.

10 TK

As mentioned elsewhere, there are
large gaps in monitoring of insects
throughout the Arctic. Monitoring is not

conducted at all in Russia, and apart
from two or three sites in Greenland,
systematic and uninterupted
monitoring is only beginning to be
established in other countries. Once

monitoring is established elsewhere,
this will generate huge amounts of
insect material that will require
identification by taxonomists (who are
in short supply) or via DNA barcoding

(which is expensive and is in its infancy
as a tool for rapid identification). The
lack of expertise and other tools will
therefore create timelags between the
start of monitoring and the
identification of trends. In addition,

while future monitoring will provide
information about trends of individual
species, we lack knowledge about the
most important pollinator species and
their effectiveness in providing the

service of pollination. As shown in
Gillespie et al. (2019;
https://doi.org/10.1007/s13280-019-
01162-5) there are many target "data
products" for future monitoring, but we

are a long way from being able to
obtain them.

Human

Observers

Species

Distribution
40

The only observing system currently
available for species occurences is

human observers. There are no
automated systems for physically
observing an insect species in nature.
As the only possible observing system,
it performs well to a degree. However,
human observers are currently limited

by access, funds and other resources

10 TK

As automated systems are not yet
available for detecting individual
species, human observers are required
to cover much more of the Arctic to
build species inventories

Human

Observers

Species

Richness
50

The only observing system currently
available for species occurences is

human observers. There are no
automated systems for physically
observing an insect species in nature.
As the only possible observing system,
it performs well to a degree. However,
human observers are currently limited

by access, funds and other resources

10 TK

As automated systems are not yet
available for detecting individual
species, human observers are required
to cover much more of the Arctic to
build species inventories

Pollinators
Terrestrial,

Freshwater
65

Pollination is a fundamental ecosystem
process that ensures plant
reproduction and maintains functional,
resilient habitats for wildlife. Monitoring

to understand the pollination potions of
ecosystem processes is established
with a dedicated network but there are
many gaps.

10

This Societal Benefit Area focuses
on understanding, managing,

monitoring, protecting, preserving,
and sustainably using terrestrial
and freshwater resources and
ecosystems. The "Arctic
Pollinators" essay directly positions
pollinators as "critical to the

function of Arctic ecosystems".

Spatial gaps, temporal gaps (e.g. repeat
visits to monitoring sites), taxa gaps
(e.g. flies), responses to stressors.
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Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Precipitation

This assessment maps the inputs and impacts of the Arctic Report Card essay "Precipitation" (2024). The
performance related to societal benefit areas is scored against the goal of the Arctic Report Card, which is
to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/precipitation-2024/
DOI: 10.25923/xf7c-p592

Information provided by the lead author, Mark Serreze.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Precipitation
Fundamental

Understanding
80

Climate models have made the
testable prediction that as the climate
warms, the Arctic, a region of net

moisture convergence, will see
increased precpitation. The avaialble
data, from the gauge network and
atmosphereic reanalyses, shows that
this prediction is being realized. This

lends confidence in our climate models
in their ability to make testable
predictions and lends confidence to
our understanding of key Arctic
processes.

7

This SBA aims to gain continuous,

high-quality scientific
understanding of Arctic social,
economic, and environmental
systems and their interrelationships
with global systems, including

identifying predictability limits and
key drivers of change. The
precipitation essay directly
contributes to understanding a key
environmental component of the
Arctic system and its changes.

As noted above, the gauge nework,
while sparse, also suffers from
problems of gauge undercatch.

There is also uncertainty in short-
term precipitation forecasts from
atmospheriec reanalyses.

Precip gauge GPCC 30

Gauge network is very sparse inthe

Arctic; it is also biased towards low
elevation and coastal regions, so it
does not provide a sound basis for
regionally averaged precipitation
amounts.

10
GPCC could not be created without
precipitation gauge data

Needed: More even spatial
distribution of gauges; including
gauges at higher elevations and in

areas that are now data-sparse.
There has been a huge drop-off in
the number of reporting gauges
over the past decade or two.

Precipitation Marine, Coastal 80

Increased precipitation will have

impacts on upper-ocean salinity,
particulasrly in coastal zones, a key
reason being that increased
precipitation will foster increased river
runoff. This may have wide-ranging
influences on coastal ecosystems.

7

This SBA focuses on understanding,
managing, and preserving marine
and coastal resources and

ecosystems, including terrestrial-
ocean-atmosphere interactions and
the prediction of ecosystem
responses to Arctic system changes.
Changes in precipitation, especially

its phase, directly influence
freshwater input into marine and
coastal environments.

Much of the Arcticc terrestrial
drainage remains ungagued,
making if difficult to understand

how changing precipitation
translates into changing river
duischarge.

GPCC Precipitation 70

Absence of data for ocean areas is a
key limitation. The major "plus" is that
the gridded fields are based on actual
in situ measurements, apparently

corrected for known biases ((e.g.,
undercatch) of different types of
gauges.

2 TK

Extension of the GPCC data to
include marine areas would make
this data source optimal for

monitoring Arctic precipitation.
Fusion with either a reanalysis (e.g.,
ERA5) or a satellite product would
be the best approach, as has been
done with the MSWEP database

(http://www.gloh2o.org/mswep/).
However, MSWEP has not been
evaluated over the high-latitude
oceans.

ERA 5 Precipitation 95

Complete global coverage (no missing
data) is a strong "plus" of this product.
Only negative is that precipitation

values are from a model, and
associated uncertainties are not
quantified.

2 TK

A needed "next step" is the
evaluation of the biases (or
quantification of the uncertainties)
in the ERA5 precipitation values
over high latitudes.

Precipitation
Weather and

Climate
80

Gauge mesurements of precipitation
are sparse, and as such, need to be

accompanied by other infiormation
sources, namely, estimates from short-
term forecasts generated by the ERA-5
reanalysis. Together we can obtain
reasonable estimates of the spatio-

temporal characteristics of Arctic
precipitation and changes that are
taking place. It has long been predicted
by climate models that as the climate
warms, the Arctic will see more
precipitation. That preduction is now

being realized.

7

This SBA benefits from improved
weather and climate information,
predictions, and warnings, which

can save lives, provide
socioeconomic benefits, and
improve decision-making in various
sectors. The essay provides direct
insights into changing precipitation
patterns, which are fundamental to

understanding and predicting Arctic
weather and climate.

While the precipitation gauge
nework is sparse, gauges are also

pronedto error, largely from
precipitation undercatch. It has
proven very difficult to make
corrections for undercatch. There
is also uncertainty in short-term
precipitation forecasts from

atmospheric reanalyses.
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Sea Ice

This assessment maps the inputs and impacts of the Arctic Report Card essay "Sea Ice" (2024). The
performance related to societal benefit areas is scored against the goal of the Arctic Report Card, which is
to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/sea-ice-2024/
DOI: 10.25923/aksk-7p66

Information provided by the lead author, Walt Meier.
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From To
Performan
ce Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

SMOS
CryoSat2
SMOS Sea Ice

Thickness

80

MIRAS fills in thin ice (<50 cm) thickness
estimates where SIRAL retrievals have high
errors, so it's a valuable complement. But

without it, thickness would still be
available around much of the Arctic.

4

Without SMOS, thin ice regions and early
ice growth would not be captured well. It
is a key complement to the CryoSat-2

data that provides better results over
thick ice.

TK

CryoSat2,

SIRAL

CryoSat2
SMOS Sea Ice
Thickness

80
Yields good results for thicker ice,
providing spatial distribution of ice
thickness.

8

SIRAL provides the main source for
thickness, so without it, the thickness

estimates would be limited to only thin
ice (<50 cm) regions.

There are uncertainties with the
values and further refinements

would help. Summer retrievals are
not routinely available.

Sea Ice
Environmental
Quality

50

Very little relevant data, except from field
observations, such as MOSAiC. Such data

have yielded significant results in better
understanding processes. However, there
is not long-term monitoring and there is a
lack of detailed connection between the in
situ observations and larger-scale sea ice

processes.

8

This SBA is highly relevant to the "Sea
Ice" essay as it directly documents the

changing state of a fundamental
component of the natural Arctic
environment. The observed sea ice
decline represents a significant alteration
of environmental quality, driven by

climate.

Need more small-scale in situ
observations, such as from
MOSAiC. Sampling of relevant

properties (e.g., impurities in snow
and ice) are very limited.

Sea Ice
Fundamental

Understanding
90

Good long-term monitoring of sea ice
concentration, extent, and age, but at

lower spatial resolution. Basin-scale
thickness estimates limited to 2010 to
present are not long enough for quality
trends and still have substantial
uncertainties. Older data is sparse in space
in time, but do provide strong evidence for

significant thinning since the 1970s.

10

This SBA is highly relevant because the
"Sea Ice" essay provides a

comprehensive assessment of the state,
trends, and processes of Arctic sea ice,
which is a critical component of the
broader Arctic system. The essay's core
purpose is to deepen the understanding
of this vital system component and its

dynamics.

Higher resolution concentration
estimates that can resolve leads
would be helpful. Melt pond
observations are limited. Satellite-

derived thickness estimates still
have fairly high uncertainties, in
part due to the lack of large-scale
quality snow estimates on sea ice.

ICESat-2
IceSAT2 Sea
ice thickness

70 Uncertainties relating to snow cover 8 Important complement to CryoSat-2 TK

Sea Ice
Marine,
Coastal

70

Satellite data of concentration and
thickness are limited near the coast and

have higher errors. Leads and polynyas,
very important for marine ecosystem
processes, are often at too small of a scale
of satellite climate records. Operational
ice charts and SAR can be helpful, but lack

spatial and temporal coverage.

10

This SBA is highly relevant because the
essay underscores the foundational role
of sea ice in supporting Arctic marine life
and influencing the biogeochemical

balance, making its assessment crucial
for understanding ecosystem health and
changes.

Need better data for leads and
near-coast regions. Melt ponds are
also important and not well-
sampled on a large-scale.

IABP Drifting
Buoys

NSIDC EASE-
Grid Sea Ice

Age

90
While sparse, the data provide very
accurate information on ice motion that

feeds into ice age estimates

5

Because buoys are sparse, they don't
contribute a lot to the motion fields

compared to passive microwave.
However, their accuracy is important for
evaluating PM motions. As more buoys
have been deployed in recent years,
coverage is much better, though still

limited in the Russian sector.

TK

DMSP SSM/I-
SSMIS

NSIDC EASE-
Grid Sea Ice

Age

80

The resolution is relatively coarse, so it
doesn’t capture fine scale changes in age
and it doesn’t have a distribution within

grid cells - it is just one age category per
grid cell, which effectively means that it is
the oldest ice in the cell. However, for
long-term monitoring of change and
variability, this doesn’t matter much and it

has good performance in showing the
changes in the ice age over the decades.

3

In terms of historical record, it is highly
critical - say a 9/10 - but we’re in the
process of switching to use AMSR2.

SSMIS still adds information that helps
with improved performance, but with
AMSR2, it is less important. Note that the
AMSR2 is not yet implemented (though it
will be soon for the provisional

“quicklook” product), thus why there is
not yet a link between AMSR2 and ice
age.

AMSR2 will improve the
resolution. We’re also working on
improving the wind-forcing from

reanalysis (the NCEP-NCAR
linkage), as well as looking at
better filtering to remove errors
and interpolation schemes. This is
planned for a new version of the

product that will be released
(hopefully) in 2026.
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Performan
ce Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

NCEP-NCAR
Reanalysis

NSIDC EASE-
Grid Sea Ice

Age

75

The ice motion vs winds relationship works
reasonable well during summer when

concentration is lower and ice is thinner
and less compact (free drift assumption).
But during winter, which concentration is
high and ice is compact, internal ice stress
means that wind-forcing is often

unsuitable for tracking sea ice.

3

Winds help fill in gaps when SSMIS data is
not available or not as accurate,
particularly during summer. However, the
wind-driven ice motion can have biases

that make it less accrurate. With SSMIS
going away, relying only on AMSR2 gives
winds a higher criticality.

TK

DMSP SSM/I-
SSMIS

NSIDC Melt
Onset

80
Passive microwave emission is very
sensitive to melt onset, but some

uncertainty due to melt/re-freeze cycles.

2 TK TK

GCOM-W
AMSR-2

NSIDC Sea Ice
Index

80
AMSR2 yields similar performance as
SSMIS, though consistency with the SSMIS

record needs to be investigated further.

9

With SSMIS having significant gaps and
the impending end of mission in
September 2026, AMSR2 is now the

primary source for the Sea Ice Index used
for tracking sea ice extent. SSMIS is still
available (for now) as an internal back-up,
but with limited performance.

TK

DMSP SSM/I-
SSMIS

NSIDC Sea Ice
Index

90

SSMIS is part of the consistent, long-term
record. With SSMI and SMMR, it has
provided a >46 year record of sea ice
conditions.

3

With the current gaps in SSMIS coverage
and the impending end of the mission
(Sep 2026) and with AMSR2 having

replaced it in the Sea Ice Index, SSMIS is
not longer critical to carrying on the
record. However, if AMSR2 were to have
problems, SSMIS would need to be a fall-
back, at least until Sep 2026 (or until

AMSR3 data are available, likely in July
2026).

TK

NSIDC Melt

Onset
Sea Ice 80

Passive microwave emission is highly
sensitive to the melt state. So, PM sensors
can detect melt onset fairly well, though

there can be intermittent melt and diurnal
effects that can be hard to track with the
current PM sensors.

3

Melt is yet another long-term (46 years)
climate indicator, yielding further context
in long-term changes and providing
indications of the seasonal evolution of
the ice cover.

TK

IceSAT2 Sea
ice thickness

Sea Ice 60

Newer versions of the data products are
reducing errors and the record is now
long-enough to start looking at inter-

annual and regional variability. Combingin
ICESat-2 laser altimetry with CryoSat-2
radar altimetry shows promise in yielding
more information on snow thickness.

7

Thickness is a key parameter for sea ice,
providing the third dimension to the ice
cover. It is important for assessing the

seasonal evolution of conditions and for
seasonal prediction.

TK

NSIDC Sea Ice
Index

Sea Ice 90

The SII is based on passive microwave
data, which is low spatial resolution thus
may not be exactly precise in the absolute

estimate, but trends and variability are
accurate because of consistent
processing. There are extent products
from other sources and the absolute
values vary. However, the trends and

anomalies are generally consistent. Thus,
SII, while not perfect, is comparable to
other products, and is valuable for tracking
trends and variability.

8
Extent is the most fundamental indicator
of sea ice. So without this, the sea ice

vital sign would be significantly lacking.

TK
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From To
Performan
ce Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

CryoSat2
SMOS Sea Ice
Thickness

Sea Ice 80

Though it has shorter time period and thus
is not as useful for long-term trends,
having thickness, especially spanning from

thin ice to thicker ice is an important
addition to the ARC. Thickness is the third-
dimension, so it's key to understanding
changes in the ice cover. There are still
uncertainties in the products and potential

biases, but generally the estimates are
reliable, particular for looking at relative
changes and trends.

8

Thickness is a critical component of the

sea ice system and the CryoSat-2/SMOS
is the best basin-scale time series
available, now providing 15+ years of
data. That is still short on a climate time
scale, but is still valuable to examine
seasonal and inter-annual variability.

TK

NSIDC EASE-
Grid Sea Ice

Age

Sea Ice 85

This provides the long-term record of sea
ice age and the loss of older ice, which is a
key part of the sea ice "story". It gives

context on age/thickness to go along with
the extent. The product uses sea ice
motions and concentration/extent, both of
which are relatively low spatial resolution
and potentially have some biases.

However, for tracking long-term, large-
scale trends, it is effective.

8
No other product provides a complete
long-term record of age, which is a proxy

for thickness.

TK
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Sea Surface Temperature

This assessment maps the inputs and impacts of the Arctic Report Card essay "Sea Surface Temperature"
(2024). The performance related to societal benefit areas is scored against the goal of the Arctic Report
Card, which is to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/sea-surface-temperature-2024/
DOI: 10.25923/9z96-aq19

Information provided by the lead authors, Zach Labe and Mary Louise Timmermans.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Sea Surface
Temp

Environmental
Quality

80

Satellite-derived SST is not a perfect
metric, especially in ice-covered or

partially ice-covered regions, but
measurements are continuous,
generally reliable, and essential for
understanding the system. There are
challenges with versioning and

continuity of the OISSTv2.1 product.

10

This SBA directly involves assessing
the state of the environment,
understanding the drivers of

change, and predicting
consequences, which are all heavy
reliant on accurate assessments of
changes to SST. This SBA
emphasizes identifying impacts and

thresholds, which are crucial for
effective environmental
management and adaptation
strategies.

Subsurface ocean temperature data
are incomplete.

Sea Surface

Temp

Fundamental

Understanding
80

Satellite-derived SST is not a perfect
metric, especially in ice-covered or
partially ice-covered regions, but
measurements are continuous,

generally reliable, and essential for
understanding the system. There are
challenges with versioning and
continuity of the OISSTv2.1 product.

10

This SBA is at the core of gaining
knowledge about Arctic processes,
variables, and their interactions,
directly addressing the
"understanding" aspect of your

query. It also includes identifying
predictability limits, which
inherently involves assessment of
current understanding and
observational gaps.

Subsurface ocean temperature data

are incomplete.

Metop
AVHRR

NOAA OISST
(>60N)

60

AVHRR is the most important input for
this gridded data set, but faces

significant challenges in polar regions,
primarily due to the difficulty in
distinguishing between clouds, snow,
and ice with similar spectral
characteristics, especially at night.

Wanqui Wang provided these
estimates. 1. I would rate the
performance over 60N 80/100. If
needed, we can provide a figure
comparing different SST analyses to

estimate the uncertainty.

10
Losing AVHRR would drop the
performance down to 10/100.

AVHRR (Advanced Very High
Resolution Radiometer) faces
significant challenges in polar regions,

primarily due to the difficulty in
distinguishing between clouds, snow,
and ice with similar spectral
characteristics, especially at night.
This makes cloud detection and

subsequent retrieval of surface
parameters like temperature and
albedo prone to high uncertainty.
Additionally, poor data access and
standardization across different
archiving institutions hinder

widespread use, despite the sensor's
importance for long-term climate
monitoring in these regions

ICOADS Argo
NOAA OISST

(>60N)
80

This performance relates to the value
of the data where it is available. See

gaps for issues related to spatially
comprehensive performance.

6 TK

Gaps relate to poor spatial density of
observations. Argo also has

performance issues under/in ice
covered waters.

ICOADS
Ships

NOAA OISST
(>60N)

60
Data is high performance, where
available. This performance rating

relates to poor spatial coverage.

6

Losing both ships and buoys would

reduce the rate to 40/100, because
ship and buoy observations are
needed for bias correction. Losing
each of ships and buoys would
reduce the rate to 60/100."

Gaps relate to the inadequate spatial
density of ship observations

In situ buoys
NOAA OISST
(>60N)

80

This performance relates to the value
of the data where it is available. See
gaps for issues related to spatially
comprehensive performance.

6

Losing both ships and buoys would

reduce the rate to 40/100, because
ship and buoy observations are
needed for bias correction. Losing
each of ships and buoys would
reduce the rate to 60/100."

Gaps relate to poor spatial density of
observations, due to limited

deployments.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

DMSP SSM/I-
SSMIS

NOAA/NSIDC
Sea Ice CDR

unrated TK unrated TK TK

DMSP SSM/I-
SSMIS

NSIDC Sea Ice
Index

90 TK 3 TK TK

NSIDC Sea
Ice Index

Sea Surface
Temp

85

Limitations of spatial resolution, which
is a shortcoming in coastal regions

where SST variability over small spatial
scales is significant. Sea-ice extent is
crucial to SST values in the product
since the algorithm uses a linear
relationship with sea-ice concentration

to infer SST.

4 TK TK

NOAA/NSIDC
Sea Ice CDR

Sea Surface
Temp

100 Fully meets our needs 4
TBD - matched that of the other sea
ice product

NA

NOAA OISST
(>60N)

Sea Surface
Temp

90

Spatial coverage, accuracy, reliability;
not 100 percent because of limitations

of spatial resolution, which is a
shortcoming in coastal regions where
SST variability over small spatial scales
is significant. Probably more extensive
validation in marginal ice zones would

be important too.

10 TK TK

Sea Surface
Temp

Weather and
Climate

80

Satellite-derived SST is not a perfect
metric, especially in ice-covered or

partially ice-covered regions, but
measurements are continuous,
generally reliable, and essential for
understanding the system. There are
challenges with versioning and

continuity of the OISSTv2.1 product.

10

This SBA is intrinsically focused on
understanding atmospheric and
oceanic processes to improve
predictions and projections. It
relies heavily on continuous

observation and assessment of
environmental variables to reduce
uncertainty in models and improve
forecasting capabilities.

Subsurface ocean temperature data
are incomplete.
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Ship Traffic

This assessment maps the inputs and impacts of the Arctic Report Card essay "Satellite Record of Pan-
Arctic Maritime Ship Traffic" (2022). The performance related to societal benefit areas is scored against
the goal of the Arctic Report Card, which is to convey the annual status and long-term trend in the vital
sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2022/satellite-record-of-pan-arctic-maritime-ship-traffic/

Information provided by the lead author, Paul Berkman.

GMASI (Autosnow Ice)GMASI (Autosnow Ice)

VIIRSVIIRS

In Situ Ice SensorsIn Situ Ice Sensors

Metop ASCAT Metop ASCAT 

In Situ Land SnowIn Situ Land Snow

DMSP SSM/I-SSMISDMSP SSM/I-SSMIS
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

MASIE-NH
ARC Shipping

2022
85

"Sea Ice was a proof of concept that we
could integrate at scale these records, so
it was essential to demonstrate this.

2

Resolution was daily within 4 km grid
spacing. Resolution mis-match with AIS

data. If we asked higher resolution
quesitons, we'd need a different product.

None

S-AIS
Transmission

Data

ARC Shipping
2022

95

They were able to take an objective spatial
parameter and apply it to analysis directly
to characterize ship traffic over large

spatial extent (all of the Law of the Sea
zones).

8 TK none

ARC Shipping

2022

Environmental

Quality
80

Primary socio-economic indicator for
Arctic is shipping. The idea of the essay
itself was 'coastal states' + UNLOS have

defined boundaries. Attaching shipping
w/in boundaries of nations allows for
comprehensive analysis for shipping in the
region. Essential to implement binding
agreements. The performance reflects

deficiencies in the comprehensiveness of
the antennae that are available to
generate AIS signals and the ships/ship-
types that are omitted from AIS tracking,
making the dataset incomplete.

10

This SBA focuses on protecting,
preserving, and adapting to the natural

environment, which includes managing
pollutants and maintaining healthy
ecosystems. The essay identifies maritime
ship traffic as a source of pollutants and
other environmental risks to the Arctic.
Assessing this topic is highly relevant to

work under this SBA.

Gaps include deficiencies in
the comprehensiveness of
the antennae that are
available to generate AIS

signals and the ships/ship-
types that are omitted from
AIS tracking, making the
dataset incomplete.

ARC Shipping

2022

Infrastructure

and Operations
80

Primary socio-economic indicator for
Arctic is shipping. The idea of the essay
itself was 'coastal states' + UNLOS have

defined boundaries. Attaching shipping
w/in boundaries of nations allows for
comprehensive analysis for shipping in the
region. Essential to implement binding
agreements. The performance reflects

deficiencies in the comprehensiveness of
the antennae that are available to
generate AIS signals and the ships/ship-
types that are omitted from AIS tracking,
making the dataset incomplete.

10

This SBA focuses on the safe and efficient
operation of built and service

infrastructure, including transportation
systems. The essay's core subject is the
increase and characteristics of maritime
ship traffic, which falls directly under this
domain, highlighting how observations
contribute to understanding and managing

this critical infrastructure in the Arctic.

Gaps include deficiencies in
the comprehensiveness of
the antennae that are
available to generate AIS

signals and the ships/ship-
types that are omitted from
AIS tracking, making the
dataset incomplete.

ARC Shipping

2022
Marine, Coastal 80

Primary socio-economic indicator for
Arctic is shipping. The idea of the essay
itself was 'coastal states' + UNLOS have

defined boundaries. Attaching shipping
w/in boundaries of nations allows for
comprehensive analysis for shipping in the
region. Essential to implement binding
agreements. The performance reflects

deficiencies in the comprehensiveness of
the antennae that are available to
generate AIS signals and the ships/ship-
types that are omitted from AIS tracking,
making the dataset incomplete.

6

This SBA is concerned with understanding,

managing, monitoring, protecting,
preserving, and sustainably using marine
and coastal resources and ecosystems.
The essay explicitly details various direct
and indirect impacts of increased shipping

activity on the Arctic's marine
environment, but as a high-level
assessment of those topics only provides
partial guidance pointing to the need for
more comprehensive interdisciplinary
policy work.

Gaps include deficiencies in
the comprehensiveness of
the antennae that are
available to generate AIS

signals and the ships/ship-
types that are omitted from
AIS tracking, making the
dataset incomplete.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

GCOM-W
AMSR-2

MASIE-NH 90
In development now. Will make ASCAT
obsolete.

4 TK
In development now. Will make ASCAT
obsolete.

NIC Ice Charts MASIE-NH 40
Only used after imagery sources are used,
not published daily

5 TK
Only used after imagery sources are
used, not published daily

GMASI

(Autosnow Ice)
MASIE-NH 80

Useless in winter; Sumertime adds value;
Useful to find snow under warm clouds in

spring, especially where no surface
stations available.

2 TK

Useless in winter; Sumertime adds
value; Useful to find snow under warm

clouds in spring, especially where no
surface stations available.

RCM SAR MASIE-NH 85 TK 6 TK
Do not get enough collections;
Sentinel is workhorse

Himawari: AHI
(V-IR)

MASIE-NH 95
Looping function had increased utility.
Longer loops requested for IMS Dev team

6 TK
Looping function had increased utility.
Longer loops requested for IMS Dev

team

VIIRS MASIE-NH 90

VIIRS Composites are useful. When MODIS
dies this will be critical. Would like similar

color schemes available via NASA
Worldveiw, but no colors in IMS

4 TK

VIIRS Composites are useful. When
MODIS dies this will be critical. Would

like similar color schemes available via
NASA Worldveiw, but no colors in IMS

MODIS MASIE-NH 100 Better than VIIRS due to looping 4 TK TK

In Situ Ice
Sensors

MASIE-NH 90 Good coverage, but still limited 3 TK Good coverage, but still limited

Sentinel-1 SAR MASIE-NH 85 TK 6 TK Tk

GEOStationary
VIR

MASIE-NH 95
Looping function had increased utility.
Longer loops requested for IMS Dev team

6 TK
Looping function had increased utility.
Longer loops requested for IMS Dev

team

Metop ASCAT MASIE-NH 95 After SAR, MODIS; bottom tier product 3 TK After SAR, MODIS; bottom tier product

In Situ Land
Snow

MASIE-NH 90 Good coverage, but still limited 3 TK Good coverage, but still limited

DMSP SSM/I-
SSMIS

MASIE-NH 50 Useless due to high fidelity products. 2 TK Useless due to high fidelity products.

Sat AIS
S-AIS
Transmission

Data

95

Fundamental product necessary for safety
and security while at sea. Enables us to
answer a number of scientific and research

questions over large spatial extent and
long time periods.

9 TK

There are different classes of
transponders based on the size of the
ship. Movement of bigger (>300 metric

tons) ships has more powerful
receivers. Smaller ships with less
powerful receivers are mostly
collected by T-AIS.

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Ship Traffic

32



1 1005025 75

Line color indicates performance

Line thickness indicates criticality

Performance rating (1-100)

Thicker lines indicate higher criticality. Thinner lines indicate lower criticality.

US AON supplemental data for the 2025 Arctic Report Card essay

Assessing the State of the Arctic Observing Network:
 Strengths, Gaps and Risks to Systems that Track Arctic Change

Surface Air Temperature

This assessment maps the inputs and impacts of the Arctic Report Card essay "Surface Air Temperature"
(2024). The performance related to societal benefit areas is scored against the goal of the Arctic Report
Card, which is to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/surface-air-temperature-2024/
DOI: 10.25923/mjhx-3j40

Information provided by the lead author, Tom Ballinger.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Surface Air

Temp

Fundamental

Understanding
80

Modern atmospheric reanalyses
(e.g., ERA5) provide the best
available spatial and temporal

representation of Arctic surface
air temperature dating back to
the mid-20th century.

8

The essay provides insights into the
mechanisms and systemic changes driven by
surface air temperature, which is central to
understanding the Arctic as a complex,
interconnected system.

Sparse surface air temperature
observations in the Arctic,
especially before the satellite era,
result in added uncertainty in the
early years of the reanalysis record.

GHCNm
NASA
GISTEMP v4

70

This weather station-based
product allows for estimates of
long-term, terrestrial air

temperatures for our period of
interest (1900-present).

8

The essay is inherently a report on surface
air temperature, which is a fundamental
component of weather and climate. It details

temperature anomalies and records, and
discusses the overarching phenomenon of
Arctic Amplification, directly aligning with
this SBA's objectives.

Sparse station coverage and
relatively few weather stations,
especially in the early portion of

the record, adds uncertainty to the
early portion of the record.

NOAA
ERSST

NASA
GISTEMP v4

70

This gridded, reconstructed
product is utilized to estimate
Arctic Ocean surface

temperatures for our period of
interest (1900-present).

8

The essay is inherently a report on surface
air temperature, which is a fundamental
component of weather and climate. It details

temperature anomalies and records, and
discusses the overarching phenomenon of
Arctic Amplification, directly aligning with
this SBA's objectives.

A lack of in situ marine
observations is a source of
uncertainty prior to the
introduction of satellite data.

ERA 5
Surface Air
Temp

80

Modern atmospheric reanalyses

(e.g., ERA5) provide the best
available spatial and temporal
representation of Arctic surface
air temperature dating back to
the mid-20th century.

8

The essay is inherently a report on surface
air temp., which is a fundamental
component of weather and climate. It details

temperature anomalies and records, and
discusses the overarching phenomenon of
Arctic Amplification, directly aligning with
this SBA's objectives.

Sparse surface air temperature
observations in the Arctic,
especially before the satellite era,

increase uncertainty in the early
years of the reanalysis record.

NASA
GISTEMP

v4

Surface Air
Temp

70

Using this product, long-term,
pan-Arctic Arctic air
temperatures are estimated from
the ERSST v5 and GHCN v4.

8

The essay is inherently a report on surface
air temp., which is a fundamental
component of weather and climate. It details

temperature anomalies and records, and
discusses the overarching phenomenon of
Arctic Amplification, directly aligning with
this SBA's objectives.

Sparse observations in marine and
terrestrial areas, especially pre-
dating the satellite era, add

uncertainty to this reconstructed
air temperature record.

Surface Air
Temp

Weather and
Climate

80

Modern atmospheric reanalyses

(e.g., ERA5) provide the best
available spatial and temporal
representation of Arctic surface
air temperature dating back to
the mid-20th century.

8

The essay is inherently a report on surface
air temp., which is a fundamental
component of weather and climate. It details

temperature anomalies and records, and
discusses the overarching phenomenon of
Arctic Amplification, directly aligning with
this SBA's objectives.

Sparse surface air temperature
observations in the Arctic,
especially before the satellite era,

increase uncertainty in the early
years of the reanalysis record.
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Terrestrial Snow Cover

This assessment maps the inputs and impacts of the Arctic Report Card essay "Terrestrial Snow Cover"
(2024). The performance related to societal benefit areas is scored against the goal of the Arctic Report
Card, which is to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/terrestrial-snow-cover-2024/
DOI: 10.25923/4bb3-3f87

Information provided by the lead author, Lawrence Mudryk.

In Situ Land SnowIn Situ Land Snow
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Terrestrial
Snow Cover

Environmental
Quality

75

The essay highlights that such links
exist but does not assess specific

consequences of changing snow on
permafrost thaw or fire risks. The
changes do directly assess changes
to snow quantity and extent which
could be used to analyze water

availability and habitat changes

4

This Societal Benefit Area is concerned
with protecting, preserving, and

adapting to the natural environment,
including maintaining healthy
ecosystems. A thorough
understanding of terrestrial
ecosystems is prerequisite for these

actions.

Fall and midwinter information would
be important (e.g. for habitats)

Terrestrial
Snow Cover

Fundamental
Understanding

80

Terrestrial Snow Indicator of the
Arctic Report Card has provided an

annual assessment of historical
changes in Arctic snow cover
(Performance Context) to support
public understanding of Arctic
change (Conceptual Understanding
Impact Action). It has been cited in

academic literature in place of
assessments performed less
frequently (Impact Metric), but does
not provide information on autumn
trends (Gap) because of larger data

uncertainty during that time. It also
does not present spatial maps of
trends which might be examined
more thoroughly in reports published
less frequently (ARC only presents

maps of anomalous conditions of the
most recent year).

8

This Societal Benefit Area is dedicated
to continuous, high-quality
observations and understanding of
variables describing the state and
interrelationships of Arctic social,
economic, and environmental systems,

including global linkages. The
"Terrestrial Snow Cover" essay directly
exemplifies a contribution to this
fundamental scientific understanding
of a critical terrestrial component. The

essay provides "snapshot" updates of
key variables, but does not fully
explore the changes to the same
extent as more thorough but less
frequency assessments.

Larger uncertainty in snow cover
extent trends during the first half of

the snow season has discouraged
authors from presenting analysis for
that period of the year. [Although
please note there are also scientific
reasons to focus on spring conditions:

snow mass in the Arctic tends to peak
in early April, while declines in spring
snow extent are more important
climate indicators than those during
autumn because the surface-albedo

feedback is strongest during spring].

GCOM-W

AMSR-2

Multi-Model

SWE
55

The rationale for the moderate

performance rating is not based on
the measurement characteristics
(their spatial and temporal coverage
is sufficient) but that the
sensors/instruments themselves are

not ideal for determining SWE as they
do not sample the necessary
wavebands to fully constrain SWE
magnitudes for moderate and deep
snowpacks and their resolution is
coarse in mountain regions.

3

Taken together either AMSR2 or SSM/I-
SSMIS have a criticality of 5 or 6 as
they provide useful input to the

SnowCCI product. However they are
considered interchangeable
measurements to a certain extent
(hence their individual rating is lower
than 5/6). Since SSM/I-SSMIS will stop

before or by Sept 2026 the full extent
to which AMSR2 measurements can be
substituted for the very long historical
record of SSM/I-SSMIS will be fully
tested over the coming year.

TK

In Situ Snow

Depth

Multi-Model

SWE
60

The measurements are not ideal.
They have incomplete spatial

coverage and have to be interpolated
away from their measurement
location which for a spatially
heterogenous variable like SWE
results in lots of uncertainty in
regions with sparser and/or more

temporally limited measurements.

8

These measurements are the key
difference between the GlobSnow
product and other "standalone"

passive microwave-based snow
products (Mortimer et al. 2020, doi:
10.5194/tc-14-1579-2020); without
these the performance of the
algorithm would be drastically lower
(as it is for the "standalone" products

that only ingest the satellite brightness
temperature measurements).

While critical to accurate estimates of
SWE, the measurements don't have
ideal coverage in space or time. The

measurements are inhomogenous in
time and coverage has gaps (especially
at higher latitudes). Their biggest flaw
is that their spatial density in
mountain regions does not capture the

variability of mountain SWE, and this is
the primary reason the SnowCCI
product does not provide SWE
estimates in regions of complex
topography.

MERRA2
Reanalysis

Multi-Model
SWE

50 3 TK TK

ERA 5
Multi-Model
SWE

90

Enables production of the most
temporally consistent SWE products
with complete spatial coverage. I

have the most confidence in the
resulting ERA5-Land and Crocus
products when examining SWE
anomalies for the previous year.

8

Absence of ERA5-Land and Crocus
data (using only MERRA2 and
SnowCCI) would significantly reduce

the accuracy and confidence in the
multi-SWE estimates as those
products have lower resolution and
more inhomogeneities.

I mean we always need higher

resolution in mountain regions, but
ERA5-Land is the current state-of-the-
art for a global SWE product (other
higher resolution products would be
regional).
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

DMSP SSM/I-

SSMIS

Multi-Model

SWE
55

The rationale for the moderate

performance rating is not based on
the measurement characteristics
(their spatial and temporal coverage
is sufficient) but that the
sensors/instruments themselves are

not ideal for determining SWE as they
do not sample the necessary
wavebands to fully constrain SWE
magnitudes for moderate and deep
snowpacks and their resolution is
coarse in mountain regions.

3

Taken together either AMSR2 or SSM/I-
SSMIS have a criticality of 5 or 6 as
they provide useful input to the

SnowCCI product. However they are
considered interchangeable
measurements to a certain extent
(hence their individual rating is lower
than 5/6). Since SSM/I-SSMIS will stop

before or by Sept 2026 the full extent
to which AMSR2 measurements can be
substituted for the very long historical
record of SSM/I-SSMIS will be fully
tested over the coming year.

TK

In Situ Land
Snow

NOAA Snow
Chart Climate

Data Record

80
Sandy estimated performance and in
situ snow from related IMS-Snow and

input from S. Helfrich

2 TK TK

MODIS
NOAA Snow
Chart Climate
Data Record

90

Good resolution, full NH coverage

and weekly frequency, but difficult to
merge their characteristics with
modern observing systems. This
leads to issues with determining
trends, but for the recent period the
information is good

9
The snow charts form most of the
basis of this record, especially prior to
~2000.

Very coarse resolution (~200km).
Difficult to distinguish snow and

clouds. Only available with weekly
frequency before IMS (~2000). There
is evidence that the switch from snow
charts to IMS has affected the
temporal homogeneity of the record -
that is why we don't analysis autumn

trends in SCE.

GEOStationar
y VIR

NOAA Snow
Chart Climate

Data Record

80

I'll need to confirm this with a
colleague, but I'd guess temporal
coverage would drop at lot without

GEO stationary VIR essentially across
the NH.

5 TK TK

VIIRS
NOAA Snow
Chart Climate

Data Record

80 3
without VIRS or MODIS there would
likely be additional regional gaps in the

temporal record of snow cover.

TK

NOAA Snow
Chart Climate

Data Record

Terrestrial
Snow Cover

75

My rating of 75 accounts for the lack
of information available during fall.
For annual weekly anomaly estimates

and May/June trends the product is
good.

6

While the multi-model SWE product
could be used to provide estimates of

historical snow extent reasonably
consistent with the NOAA Snow Extent
CDR, their agreement with the more
observation-based NOAA product
lends credibility to the multi-model

SWE results.

There are definite issues in the fall
which isn't examined in the ARC
anymore because of this issue: 1.
Brown and Derksen, doi:10.1088/1748-

9326/8/2/024006. Mudryk 2017,
doi:10.1002/2016GL071789, 3. Hori et
al, 2017 doi: 10.1016/j.rse.2017.01.023.

Multi-Model
SWE

Terrestrial
Snow Cover

85

The multi-model snow water
equivalent represents several models

averaged together to provide an
estimate. They seem to have
independent "errors"/deviations
from one another such that we get a
more confident result when we look

at how the average behaves.

8

I would consider this data the most
critical because we could use it to
determine historical snow extent

anomalies if the NOAA show charts
vanished.

TK

Terrestrial
Snow Cover

Terrestrial,
Freshwater

75

The essay highlights that such links
exist but does not assess specific
impacts or examine how the changes

in snow correlate with changes in
Arctic ecosystems, organisms, or
biogeochemical processes. The
changes do directly assess changes
to snow quantity and extent which

could be used to analyze water
resources

4

This Societal Benefit Area explicitly
focuses on understanding, managing,
monitoring, protecting, preserving,
and sustainably using terrestrial and

freshwater resources and ecosystems.
The essay highlights snow cover's
direct influence on these systems.

Fall and midwinter information would
be important
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Line color indicates performance

Line thickness indicates criticality

Performance rating (1-100)

Thicker lines indicate higher criticality. Thinner lines indicate lower criticality.
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Tundra Greenness

This assessment maps the inputs and impacts of the Arctic Report Card essay "Tundra Greenness" (2024).
The performance related to societal benefit areas is scored against the goal of the Arctic Report Card,
which is to convey the annual status and long-term trend in the vital sign with high confidence.

https://arctic.noaa.gov/report-card/report-card-2024/tundra-greenness-2024/
DOI: 10.25923/5t2g-fm41

Information provided by the lead author, JJ Frost.

Environmental

Quality

Environmental
Quality
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

Tundra
Greenness

Environmental
Quality

100

The Arctic Report Vital Sign of Tundra
Greenness uses long-term
observations from AVHRR, MODIS, and

Landsat to depict long-term changes
and interannual variability in the
aboveground biomass and
productivity of Arctic tundra
ecosystems. Understanding spatio-

temporal trends and sources of
variability in tundra greenness provide
foundational information regarding the
response of Arctic ecosystems to
rapidly changing environmental
conditions. The annual essays are

frequently cited in the scientific
literature concerning Arctic tundra
dynamics and their changes.

8

This SBA focuses on
protecting, preserving, and
adapting to the natural
environment. The "Tundra

Greenness" essay highlights
"the greening of the Arctic" as
a direct response of the
environment to climate
warming and sea ice decline,

making it a key indicator of
changing environmental
quality.

The metric of tundra greenness used for this
Vital Sign is the Normalized Difference
Vegetation Index (NDVI), a spectral metric

that is linked to the abundance of green
vegetation. While this metric has a long
history of use and provides a period of
record exceeding 40 years, it is a spectral
proxy and is subject to some limitations.

Alternative metrics exist that could
eventually provide more robust
assessments of Arctic change, but these
metrics remain in their infancy and do not
have a sufficient period of record to provide

a meaningful "big picture" of conditions and
change across the Arctic tundra biome.

Tundra
Greenness

Fundamental
Understanding

90

The Arctic Report Vital Sign of Tundra
Greenness uses long-term
observations from AVHRR, MODIS, and

Landsat to depict long-term changes
and interannual variability in the
aboveground biomass and
productivity of Arctic tundra
ecosystems. Understanding spatio-

temporal trends and sources of
variability in tundra greenness provide
foundational information regarding the
response of Arctic ecosystems to
rapidly changing environmental
conditions. The annual essays are

frequently cited in the scientific
literature concerning Arctic tundra
dynamics and their changes.

10

This SBA is central to the
essay's contribution as it aims

to improve understanding of
processes, variables, and rates
of change within the Arctic
system as a whole, including
the cryosphere, and their

interrelationships with global
systems. Tundra greenness is
presented as a critical variable
whose changes reflect
broader Arctic system

transformations.

The metric of tundra greenness used for this
Vital Sign is the Normalized Difference
Vegetation Index (NDVI), a spectral metric

that is linked to the abundance of green
vegetation. While this metric has a long
history of use and provides a period of
record exceeding 40 years, it is a spectral
proxy and is subject to some limitations.

Alternative metrics exist that could
eventually provide more robust
assessments of Arctic change, but these
metrics remain in their infancy and do not
have a sufficient period of record to provide

a meaningful "big picture" of conditions and
change across the Arctic tundra biome.

Metop
AVHRR

GIMMS 3g 90 Alternative sensors could be used. 10 TK TK

Metop
AVHRR

Land Surface
Temperature

90 Alternative sensors could be used. 10 TK TK

Landsat
1984-2020

Landsat 70
The Landsat dataset does not provide
uninterrupted coverage for the Arctic.

9
Alternative data sources could
be used.

TK

Tundra
Greenness

Terrestrial,
Freshwater

100

The Arctic Report Vital Sign of Tundra

Greenness uses long-term
observations from AVHRR, MODIS, and
Landsat to depict long-term changes
and interannual variability in the
aboveground biomass and

productivity of Arctic tundra
ecosystems. The annual essays are
frequently cited in the scientific
literature concerning Arctic tundra
dynamics and their changes.

10

This SBA is highly relevant
because the "Tundra

Greenness" essay focuses
entirely on the Arctic tundra
biome, which is a terrestrial
ecosystem. The essay directly
provides assessment of

vegetation productivity and
abundance and contributes to
understanding the profound
changes occurring in these
ecosystems due to

environmental shifts.

The metric of tundra greenness used for this
Vital Sign is the Normalized Difference
Vegetation Index (NDVI), a spectral metric

that is linked to the abundance of green
vegetation. While this metric has a long
history of use and provides a period of
record exceeding 40 years, it is a spectral
proxy and is subject to some limitations.

Alternative metrics exist that could
eventually provide more robust
assessments of Arctic change, but these
metrics remain in their infancy and do not
have a sufficient period of record to provide

a meaningful "big picture" of conditions and
change across the Arctic tundra biome.
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From To
Performance
Rating

Performance Rationale
Criticality
Rating

Criticality Rationale Gaps Description

MODIS
Tundra

Greenness
100

MODIS has set the "gold standard" for
spectral calibration and other
technical aspects for long-term

monitoring, although it's period of
record is only about half as long
(2000-2025) as AVHRR (1982-2025).

9
Alternative data sources could

be used.
TK

GIMMS 3g
Tundra

Greenness
90 10

The Tundra Greeness essay is
essentially based solely on
this product. In the absence of

this, we do not have the
information that we need.
However, there are potential
replacement datasets, such as
MODIS and Landsat. Whereas

both of these have finer
spatial resolutions, the MODIS
data have a shorter record,
and Landsat is not as
temporally continuous.

TK

Landsat
Tundra
Greenness

80
The Landsat dataset does not provide
uninterrupted coverage for the Arctic.

9
Alternative data sources could
be used.

TK

VIIRS
Tundra

Greenness
75

The period of record for VIIRS is still
quite short, which limits the utility of

the dataset for tracking long-term
changes in tundra greenness.

9
Alternative data sources could

be used.
TK

Land Surface
Temperature

Tundra
Greenness

90 1

The LST data are not crucial
for the Vital Sign, however,

they do provide the context
for the Vital Sign, as the
dominant control of
vegetation greenness
throughout the Arctic tundra

is likely to be temperature.

TK
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