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1

Introduction

1.1

Purpose
The purpose of the User Requirements Document is to provide a complete
set of individual requirements and constraints to meet the needs of the
Climate Research Community for FCDRs and ECV data products related to
sea ice.
The Arctic and Antarctic are dominated by ice-covered oceans and coasts.
The regions are exposed to climate change with significant impact on the
cryosphere and the environment, in particular ice-dependent ecosystems. In
the Arctic, the global warming is at roughly twice the global average rate,
with a dramatic reduction in summer sea ice extent as one of the clearest
indicators of this trend. Physical and biological processes are being
transformed across the entire regions while climate feedback mechanisms
change atmospheric and oceanic dynamics impact at global scales.
Satellite observation of sea ice has been done for more than four decades
and is one of the most important applications of EO data in climate change
studies. Several sensors and retrieval methods have been developed and
successfully utilized to measure sea ice area, concentration, drift, thickness
and other sea ice variables. In climate change studies based on satellite
data, it is a major challenge to construct homogeneous time series from a
series of consecutive satellite sensors needed for detection of changes over
several decades. At the same time there is an evolution in sensors and
observation technology, which makes it possible to observe new sea ice
parameters for future monitoring.
In addition to concentration and thickness estimates, other sea- ice
parameters are important for climate research, such as motion, albedo,
snow cover, surface temperature, duration of melt season, leads/polynyas
and deformation features. Data on all these parameters are needed to
quantify the dynamic and thermodynamic processes responsible for the
regional, seasonal and interannual variability of the sea ice. The total mass
and volume of sea ice, including motion and fluxes, can be retrieved from
observations of three parameters: ice concentration, ice motion and ice
thickness, provided that there is sufficient data available. Data on the two
former parameters are available for the last two-three decades, whereas ice
thickness data are scarcer. Estimation of total ice volume and fluxes can
therefore mainly be based on global model simulations. However, global
models show significant discrepancies in sea ice extent in both hemispheres
and are not very consistent with observations. In particular with regard to
the sea ice thickness many global models lack the capability to provide a
correct distribution (e.g. Kwok, 2011). Furthermore, the decline of the
Northern hemisphere sea ice extent has been observed to be stronger than
predicted by most of the IPCC model simulations (e.g. Stroeve et al., 2007;
Boe et al., 2009). The disagreement between models and observations
could indicate a substantial natural variability component to the observed
decline or an underestimation of the sea ice sensitivity in the models. One of
the goals in sea ice climate research is to better understand the natural
variability of sea ice versus the decline due to global warming.
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Scope
The scope of the URD is to identify, analyse and assess the requirements for
sea ice data specified by the sea ice user community, with focus on the
modelling and climate research community. The URD is based on literature
review, user survey and analysis of the requirements by the Climate
Research Group within the consortium and representatives from the CMUG.
The requirements will incorporate the relevant sea ice parameters needed
by the research community, with focus on product, accuracy, coverage,
resolution and stability of the measurements, error characterisation, quality
flags, metadata, product formats, grid and projection. The requirements for
validation data from non-space platforms are also addressed. The
requirements for sea ice ECV data include several sea ice parameters in
addition to the SIC and SIT products.
The requirements are defined for a number of applications in particular
climate modelling including model development, model validation, model
initialisation, boundary layer definition and data assimilation and climate
research based on time series analysis. User requirements from other
application areas such as process modelling, weather forecast, operational
ice charting and forecasting, marine transportation and offshore operations,
marine biology, fisheries and ecosystem research are also included. The
requirements are divided in two categories: (1) minimum requirements to
sea ice data in order to be useful for the different applications (“must
have”), and (2) target requirements, which are expected to be obtained by
EO data after careful validation and/or merging with non-EO data ( “nice to
have”). The requirements will also account for foreseen needs as sea ice and
climate models become further developed.

1.3

Document Structure

1.4

Document Status
This is a draft issue for QA review.

1.5

Applicable Documents
The following table lists the Applicable Documents that have a direct impact
on the contents of this document.
Acronym

Title

Reference

Issue

Table 1-1: Applicable Documents

1.6

Applicable Standards
Acronym

Title

Reference

Issue

Table 1-2: Applicable Standards
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Reference Documents
Acronym

Title

Reference

Issue

Table 1-3: Reference Documents

1.8

Acronyms and Abbreviations
Acronym

Meaning

AVHRR

Advanced Very High Resolution Radiometer

CAFF

Conservation of Arctic Flora and Fauna

CLIVAR

Climate Variability and Predictability

CMUG

Climate Modelling User Group

ECV

Essential Climate Variable

EO

Earth Observation

ESA

European Space Agency

FCDR

Fundamental Climate Data Record

GCM

General Circulation Model

GCOS

Global Climate Observing System

GHRSST

Group for High-Resolution Sea Surface Temperature

GMES

Global Monitoring for Environment and Security

GOOS

Global Ocean Observing System

IOCCG

International Ocean-Colour Coordinating Group

IORD
IPCC

Intergovernmental Panel on Climate Change

MODIS

Moderate Resolution Imaging Spectroradiometer

NPOESS

National Polar-orbiting Operational Environmental Satellite System

PDGS

Payload Data Ground System

OSISAF

Ocean and Sea Ice Satellite Application Facility

SAR

Synthetic Aperture Radar

SI

Sea Ice

SIC

Sea Ice Concentration

SIT

Sea Ice Thickness

UNFCCC

United Nations Framework Convention on Climate Change

URD

User Requirements Document

WMO

World Meteorological Organization

WRCP

World Climate Research Programme

Table 1-4: Acronyms
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2

Review of previous user requirement studies

2.1

Sea ice as part of the ocean – atmosphere system
The Arctic and Antarctic seas are dominated by sea ice which has a
dominant seasonal cycle as well as interannual variability and long-term
trends. The regions play a key role in the global climate system where the
cryosphere is a sensitive indicator of climate change. In the Arctic the global
warming is at roughly twice the global average rate, with a dramatic
reduction in summer sea ice extent as one of the clearest indicators of this
trend. Physical and biological processes are being transformed across the
entire regions while climate feedback mechanisms in the Arctic‟s changing
atmospheric and oceanic dynamics impact at global scales.
Monitoring and forecasting of sea ice is closely integrated with ocean and
atmospheric observations and modelling in the polar regions. Satellite EO
data play an essential role in observing atmospheric and ocean variables,
including sea ice. Observations of the ocean are required for monitoring of
climate and the environment on seasonal-to-interannual-to-decadal time
scale. In particular, the availability of operational ocean observations is
prerequisite for quality weather and ocean state forecasts. Already today,
global and regional numerical weather prediction models, seasonal to interannual forecasts and climate models assimilate ocean observations to
generate initial conditions or boundary conditions.
Requirements for sea ice data are therefore closely linked to requirements
for ocean and atmospheric observations and modelling in the polar regions.
Several user requirement documents have been prepared for ocean and sea
ice observation from satellites. The following sections give an overview of
some of these documents.

2.2

EUMETSAT Application Expert Group
Report from the Expert Group

2.2.1

High-level user requirements for the altimeter constellation
A user requirement analysis for ocean observations relevant for post-EPS
(EUMETSAT Polar System) has recently been conducted by this group
(Stammer et al., 2007, ref. 16). The expert group has provided a post-EPS
mission requirement document for ocean and sea ice, where measurement
performance is analyzed in detail, while user requirements are described
very generally.
The expert group has divided the users in the following five applications:


Oceanography (global and coastal) – operational open ocean and
coastal monitoring;



NWP (global and regional) – operational weather forecasts;



Seasonal to inter-annual ocean forecasting



NWC - operational weather and ocean nowcasts;
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Climate– global monitoring and climate change;



Treaty verification.

The respective main observational requirements for applications of the
above user groups are summarized in Table 2.1. Those requirements were
extensively documented before and examples of respective discussions can
be found in the position papers produced by the EUMETSAT Application
Expert Groups during the Meteosat Third Generation (MTG) definition
process [EUMETSAT Position papers]. Further input has been retrieved from
the IGOS (Integrated Global Observing Strategy) Ocean Theme Paper
[IGOS, 2001] and the reports of the Intergovernmental Oceanographic
Commission) on Observing the Oceans in the 21st Century (IOC/UNESCO,
2004) and the WMO (WMO, 2012) and GOOS [GOOS, 2012) requirements
published on-line. Furthermore, our requirements consider and where
necessary, build upon, those contained in the following documents:


GMES, Sentinel 3 [GMES, 2004]



NPOESS IORD/II [NPOESS, 2001]



GCOS and WCRP (via the WMO on-line requirements) [WMO, 2012]



EUMETSAT OSISAF [EUMETSAT, 2005]



IOCCG reports [IOCCG, 2000]



GHRSST [http://ghrsst-pp.metoffice.com/]



Ohring et al „Satellite Instrument Calibration for Measuring Global Climate
Change‟ [Ohring et al., 2005]



CLIVAR Initial Implementation Plan [http://eprints.soton.ac.uk/35512/]

All user groups continue to require comprehensive, accurate and higher
resolution oceanographic satellite observations, driven by the increase in
model resolution and the number of assimilated variables. The requirements
for sea ice observations are described more specifically in the following
sections. Table 2.2 shows the performance levels required for sea ice
observations. They are expressed as geophysical quantities with
corresponding spatial and temporal sampling, accuracy and delay
requirements, in addition to performance limits.
Ocean or sea
ice variables

Description of variable

Ocean

Ocean surface topography and global sea level
Ocean currents
Sea surface temperature (SST)
Sea surface salinity (SSS)
Ocean bio-geochemical variables (e.g. phyto-plankton,
sediment transport, dissolved matter, surface slick, etc.)
Ocean wind (vector)
Sea State Parameters
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Sea ice topography and thickness, coverage,
concentration, drift, melt pond fraction, albedo. etc.

Table 2.1: Observational requirements for ocean and sea ice variables from
Post-EPS missions

This document is focussed on a number of sea ice parameters of relevance
for climate research such as topography and thickness, coverage,
concentration, drift, melt pond fraction, and albedo which play a crucial role
in air-sea interaction in polar regions. The sea ice insulates the ocean from
heat exchange with the atmosphere, modulates the thermohaline circulation
of the world‟s oceans through deep-water formation, and insulates the Polar
oceans from solar radiation by its high albedo. Satellite observations are the
only source of continuous information about sea ice extent, type, thickness,
and drift. Specific sea ice requirements pertaining to satellite imagery
include sea ice coverage, type, drift and melt pond fraction, while radar
altimetry is particularly relevant for sea ice topography and thickness.
2.2.2

Observational performance level
Three performance levels are defined as follows:
1. Threshold is the limit below which the observation becomes ineffectual
and is of no use for the targeted application
2. Breakthrough level represents the level beyond which a significant
improvement in the target application is achieved.
3. Objective is the maximum performance limit for the observation,
beyond which no significant improvement in the targeted application is
achieved.

2.2.3

Accuracy
For operational meteorological applications, the accuracy is the root mean
square (r.m.s.) difference between the actual measurement and the truth,
inclusive of random errors and bias. This assumes that the main source of
error relevant to the „single level 2‟ measurement is the random component,
the bias error being small enough to not significantly influence subsequent
mission definition.

2.2.4

Spatial resolution Horizontal resolution, Δx
The horizontal resolution is the minimum horizontal spatial scale that must
be resolved by the observing system. In most cases, the horizontal
resolution is more or less transferable to the resolution of a potential
instrument assuming some appropriate sampling which will be finalised
during the instrument design phase.

2.2.5

Vertical resolution, Δz
Vertical resolution does not apply for ocean variables from satellites,
although vertical gradients of quantities are of interest (from in-situ systems
for example).
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Observation Cycle, Δt
„Observation cycle‟ or „revisit time‟ is the time elapsed between
measurements over a given location. By default, the observation cycle is
applicable to the whole Earth surface including the equatorial and polar
regions, so that Δt is the time needed to cover the whole Earth surface with
at least one measurement. The exception is for high latitude requirements,
where the observation cycle is specific for the particular latitude and is not
applicable to equatorial regions.

2.2.7

Delay, δ
The „delay‟ is the time elapsed between observation by the satellite and the
availability the product to user interface, including the nominal
dissemination time.

2.2.8

Additional Notes for Climate Requirements
Some climate requirements are given as a „level 3‟ product, which is the
average of a series of „level 2‟ measurements taken over a time period, Δt,
(or sometimes distance, Δx) in order to reduce the random error component
to a sufficiently low level. The spatial and temporal resolutions then refer to
the integration periods. However, despite this, the r.m.s. accuracy for each
single „level 2‟ measurement is given in the accuracy requirement and not
the corresponding averaged product accuracy.
In addition to the r.m.s. accuracy, bias errors and stabilities may also be
given, where bias is the systematic difference in the short-term-average of
the measurement and the truth and stability is the long-term repeatability
of the meteorological characteristics of the instrument with time (in this
case over a decade) and is typically 20% of the expected climate signal

2.3

Description of the main sea ice variables

2.3.1

Sea ice coverage and concentration
Sea ice coverage and concentration is required for monitoring the mass
balance of sea ice particularly in view of recent climate change and global
warming. Changes in sea ice cover and concentration can significantly affect
both global ocean and atmospheric circulation through global energy
balance changes, with subsequent impacts on weather and climate. As a
result, sea ice coverage observations are important for forcing ocean models
and for boundary conditions in NWP. In addition, operational services for
shipping and safety at sea rely on sea ice concentration information at high
latitudes.

2.3.2

Sea ice thickness
Sea ice thickness is required for monitoring the mass balance and horizontal
freshwater transports. Knowledge of ice thickness is also important for
navigation purposes in sea ice infested regions where safe passage is only
possible in areas where the ice is thin. Measuring ice thickness from
satellites requires auxiliary information, including the geoid, the ocean
circulation, ocean tides, surface pressure, etc. The occurrence of snow on
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sea ice introduces a major source of uncertainty. Its depth and density
influence the freeboard and surface topography of the sea ice and therefore
impact the calculation of ice mass from surface area and freeboard,, or ice
surface topography measurements. There is thus a requirement to measure
the thickness of the snow, and its density, when it occurs on floating sea
ice.
2.3.3

Sea ice types
The ability to distinguish between new ice (usually smooth and thin), first
year ice and multi-year ice (usually rough, thick and porous) is particularly
important for monitoring sea ice development, subsequent salinity changes
and their combined effect on ocean circulation.
Sea ice drift has important influence upon regional freshwater and heat
budgets because ice transports and redistributes buoyant freshwater and
latent heat energy. The redistribution of sea ice from its location of
formation, to other areas by ocean currents and wind, causes freshwater to
be discharged from the higher latitudes to lower ones. The drift of sea ice is
therefore important in the heat and freshwater budgets of the regional
climate. Image tracking of drifting sea ice can also be used to deduce
information on the underlying ocean currents.

2.3.3.1

Sea ice melt ponds are a highly variable and significant feature during
summer and therefore require continuous monitoring throughout this
period. Especially the initial phases are important and can determine the
summer-time sea ice melt progress. Their occurrence often depends on
snow depth, ice type, proximity to land and ocean-atmosphere forcing. Melt
ponds have a very low surface albedo and therefore affect oceanatmosphere radiation exchanges and sea ice melting. Due to the reduced ice
thickness in the presence of melt ponds, melt pond data is of interest to
polar marine communities who rely on locating weak regions of ice for
navigation purposes.

2.3.4

Priority of requirements
The following codes are used to prioritise the requirements listed in Table
2.2:


Priority 1 (Very High): Mandatory requirements that drive the mission,
these requirements are of utmost importance for the success of the
mission and must be implemented.



Priority 2 (High): Important requirements that substantially contribute to
the success of the mission. Reasonable effort shall be made to implement
them.



Priority 3 (Medium): Beneficial requirement that has certain value to the
success of the mission, it shall be implemented with minimum effort.



Priority 4 (Low): Requirements which are marginally contributing to the
success of the mission. It shall only be implemented on an opportunistic
basis. No dedicated effort will be made to implement them.

The priorities assigned in the user requirements table 2.2 are technology
free and are thus independent of the availability of appropriate reliable and
affordable measurement techniques.
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Table 2.2 Quantitative requirements for sea ice observations for climate research, numerical weather prediction (NWP) and oceanography on
global and regional scale
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ESA GMES Service Element projects
During the ICEMON project, one of the ESA GMES Service Element projects
(2003 – 2005), user requirements for sea ice information from satellite data
were analysed. The requirements were described in terms of four broad
societal benefit areas:


Safety of marine transportation and operations



Management of marine resources including fisheries



Monitoring and management of the marine environment



Climate monitoring and research

Two aspects of sea ice monitoring and forecasting are important in these
areas: (1) daily monitoring and short term-forecasting, and (2) seasonal
and long-term observations including climate research. The user
requirements were focused on the general needs for ice information in six
defined user segments:
A.
B.
C.
D.
E.
F.

Ice navigation and sea transport;
Ship and offshore construction design, including offshore operations;
Port and maritime authorities;
Environmental monitoring;
Weather and ice services;
Climate monitoring and research.

User segments A - E have daily monitoring and short-term forecasting as
the primary requirement, while seasonal and long-term monitoring is a
secondary requirement. User segment F is primarily interested in seasonal
and long-term monitoring.
2.4.1

Operational users with focus on daily monitoring and short-term forecasting
The users in segments A-E can be divided into users working at sea and
users working on land. Typical users on land are agencies and authorities
with
responsibility
for
ship
transportation,
offshore
operations,
environmental monitoring and weather and ice services. Typical users at sea
are ship captains on icebreakers, cargo ships, coastguard and fishing
vessels. Rescue operations in polar regions need accurate and updated ice
and weather information. Offshore oil and gas industry, including seismic
survey companies and other supporting services require very dedicated and
specialized sea ice and iceberg management systems where monitoring and
forecasting are essential components. Port and maritime authorities need
daily information on sea ice and other met-ocean conditions for traffic
management. Monitoring of oil spills and other water quality parameters
requires daily information on sea ice conditions. Last but not least, the
national weather and ice services need all available data on sea ice and
met-ocean conditions to produce ice charts and ice forecasts on daily basis.
Ice charts and ice forecasts are essential products delivered to other users
of daily ice information.
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Seasonal and long-term monitoring of ice conditions
The main user segment is climate monitoring and research, but this is a
large and diversified user community with strong requirements to data
quality. In ICEMON the specific requirements to „measurement accuracy‟ of
the various sea ice parameters were not addressed. The reason was that
the users of segments A – E have a very practical approach to data quality,
where no specific requirements to measurement accuracy had been
described.
In ICEMON the general need for statistical sea ice information based on
seasonal and long-term observations was described for several user groups
beyond the climate research community.
Operational ice charting and ice forecasting services need long-term data to
develop and validate forecasting models and to estimate mean and extreme
ice conditions in different areas. Environmental institutions with
responsibilities for monitoring of the polar regions need short-term and
long-term sea ice information. The sea ice information is used in
combination with tracking data on marine mammals and other biological
data as part of ecosystem research and protection of endangered species in
the polar regions.
Design of ships and offshore construction in hazardous Arctic and Antarctic
conditions needs reliable information of expected environmental conditions.
Sea ice and iceberg conditions, combined with extreme meteorological
conditions, can be dangerous and hazardous to ships and offshore
constructions. Statistics on sea ice extent, thickness, drift and other
variables are needed to support the design of constructions and vessels.
Furthermore, insurance and classification companies/societies require
statistical information on sea ice parameter for risk analysis, insurance
premiums, and the establishment of guidelines and regulations for ships
operating in polar seas. Shipping companies, offshore companies and
supporting services require long-term data and statistical sea ice
information to plan operations in ice-covered areas.
Since the GCOS requirements for global climate observations from satellites
have been formulated (GCOS, 2011), there is more focus on data quality
such as measurement accuracy, spatial and temporal resolution, bias,
stability, and the merging of data from several satellites to generate time
series. The data quality aspects are described in more detail in section 2.2,
2.4 and 2.5.

2.5

IGOS Cryosphere Theme report
The IGOS Cryosphere Theme was initiated in 2004 by the World Climate
Research Programme (WCRP) Climate and Cryosphere (CliC) project and by
the International Council for Science (ICSU) through the Scientific
Committee for Antarctic Research (SCAR). The Cryosphere Theme report
was develop by the IGOS Cryosphere Team in 2007 and is available from
http://igos-cryosphere.org. This report describes the current capabilities
and requirements for observing essential climate variables in the major
domains of the cryosphere. The requirements for sea ice observations are
summarized in table 2.3.
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Table 2.3: Summary of current/planned capability(C), threshold requirement or
minimum requirement (T) and objective requirement (O) for satellite observation of
sea ice parameters. Climate requirements are marked cl and operational requirement
op. The ECV parameters defined by GCOS are marked in green (C), yellow (T) and red
(O). L: low end measurement range, H: high end measurement range, and U: unit.
(IGOS Cryosphere Theme report, 2007).
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Table 2.3 (cont).

2.6

Requirements defined by GCOS (2011)
The sea ice observation requirements for climate have been defined in the
most recent GCOS document (GCOS report no. 154: SYSTEMATIC
OBSERVATION REQUIREMENTS FOR SATELLITE-BASED DATA PRODUCTS
FOR CLIMATE, 2011 update. Supplemental details to the satellite-based
component of the “Implementation Plan for the Global Observing System for
Climate in Support of the UNFCCC (2010 Update)” December 2011, ref. 18).
This document states that the long-term sea ice climate-data record
represents a fundamental indicator of high-latitude climate change, and
information on sea ice concentration, extent/edge, thickness and drift is
required to assess impacts on climate forcing, ocean-atmosphere fluxes and
the global thermohaline circulation. Sea ice products are used:


to improve modelling of sea-ice dynamics;



in the validation of coupled ocean-atmosphere GCMs;



to provide precise knowledge of the ice edge location and ice age/type
(or stage of development) required for safe navigation and operational
support in ice-covered waters (discussion of operational ice observation
needs can be found in WMO, 2006).

The requirements defined by GCOS (2011) for Product 0.5: “Sea-ice
concentration/extent/edge – supported by Sea-ice thickness and sea-ice
drift” are specified as follows:
2.6.1

SI concentration (SIC):
Target requirements are 10 – 15 km horizontal resolution, weekly temporal
resolution, measurement accuracy: 5 km and stability 5 %.
The estimated current capability is the same for horizontal and temporal
resolution, but varies from 5 % to 20 % for ice area fraction. The currently
achieved stability is not specified.
It should be noted that the required temporal resolution for GCOS SIC
variable is weekly. It was however daily in the previous version of the GCOS
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document, which is also the temporal resolution that is achieved in most SIC
datasets to date.
2.6.2

SI extent/edge:
Target requirements are 1 – 5 km horizontal resolution, weekly temporal
resolution, and measurement accuracy: 5 km. The estimated current
capability is the same for horizontal and temporal resolution, but is 15 km in
location accuracy. The stability is not specified. SI edge is derived from ice
concentration.
Comment: Requirements for ice edge position is not addressed by the CCI
sea ice project. Ice extent and ice area are retrieved from ice concentration,
and the requirements in this project are defined for ice concentration only.

2.6.3

SI thickness (SIT):
Target requirements are 25 km in horizontal resolution, > 0.05 m in vertical
resolution, monthly temporal resolution, and measurement accuracy: 0.10
m. The estimated current capability is not specified.

2.6.4

SI drift:
Target requirements are 1 km in horizontal resolution, weekly temporal
resolution, and measurement accuracy: 1 km per day. The estimated
current capability is the same for horizontal and temporal resolution, 5 km
per day for measurement accuracy.
These requirements are summarized in Table 2.4.
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Table 2.4: Requirements for horizontal resolution, temporal resolution, measurement
accuracy and stability over a decade for the sea ECVs defined by GCOS. Upper table:
synthesis of requirements from Tables 2.1 – 2.3. Middle and lower tables are from
GCOS (2011).

Comments:
Target requirements have been set to resolve interannual variations and
expected trends. Basin-scale observations of SI concentration/extent/edge,
thickness and drift are required to understand the large-scale dynamic and
thermodynamic evolution of sea-ice cover seasonally and from year to year,
and for calculations of ice-mass balance. Continuous time series of these
parameters can be used to detect long-term trends in sea-ice cover.
Satellite data indicate a continuation of the 2.7 ± 0.6 per cent per decade
decline in annual mean arctic sea-ice extent since 1978. The decline for
summer extent is larger than for winter, with the summer minimum
declining at a rate of 7.4 ± 2.4 per cent per decade since 1979 (from IPCC
AR4, Section 4.4.2.2, ref. 19). Estimates of average arctic sea-ice thickness
over the cold months (October–March) for 1993 to 2001 have been made
from satellite-borne radar altimeter measurements and show geographic
variation in thickness (increasing from about 2m near Siberia to 4.5m off
the coasts of Canada and Greenland) and a significant (9 per cent)
interannual variability in winter ice thickness. There are very limited data on
sea-ice thickness changes for Antarctic sea ice, much of which is
considerably thinner and less ridged than ice in the Arctic Basin (from IPCC
AR4, Section 4.4.3.2, ref 19). However, recent literature show how
submarine sonar measurements from the 1950s-1990s can be combined
with recent satellite measurements (2000s) to provide a longer time trend
in ice thickness which indicates an almost 50% decrease over 50 years.
Sea-ice drift is variable and wind-dependent, and, overall, there is
considerable low-frequency variability in the pattern of sea-ice motion.
Additional product requirements include:


Coverage: north and south polar region;



A user-oriented document that describes each analysis product and the
choices and assumptions that have been made for the analysis procedure
(SI analysis products have a complex derivation, and it is especially
important that they be accompanied by such a document);



Derivation of snow parameters for correction of SIC and SIT estimates.
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Application areas for sea ice climate data
Sea ice climate data are used in a wide range of application areas, ranging
from climate research activities to marine biology and ecosystems research,
management of marine resources, sea transportation, offshore exploration,
design and construction of vessels and platforms, impact on indigenous
people, insurance, governance and policy making. In this project focus is on
climate research and modelling activities, but also requirements to other
user groups are considered.

3.1

Sea ice and climate research
Sea ice is an essential part of the global climate system. It serves as an
effective insulator between the ocean and the atmosphere, restricting
exchange of heat, mass, momentum and chemical constituents. During
winter when there is a large temperature difference between the cold
atmosphere and the relatively warm ocean surface, ocean-to-atmosphere
heat transfer is essentially limited to areas of open water and thin ice within
the pack. The winter flux of oceanic heat to the atmosphere from open
water can be two orders of magnitude larger than the heat flux through an
adjacent thick ice cover. As a result, the distribution of open water and thin
ice is particularly important to the regional heat balance.
The growth and decay of sea ice occur on a seasonal cycle at the surface of
the ocean at high latitudes. As much as 30 million km2 of the Earth‟s
surface can be covered by sea ice. In the Northern Hemisphere, sea ice
extent fluctuates each year from a minimum in September, when most of
the ice is confined to the central Arctic Ocean, Greenland Sea and Canadian
Archipelago, to a maximum in March, when the ice covers almost the entire
Arctic Ocean and many adjacent seas. In the Southern Hemisphere, the
annual fluctuation is even greater, from a minimum in February to a
maximum in September when the ice surrounds the Antarctic continent and
extends equatorward to 55°–65°S.
Another important role of sea ice in the global climate system is that it
affects surface albedo. Ice-free ocean generally has an albedo below 10–
15%, whereas snow-covered sea ice albedos average about 80%. A fresh
snow cover on ice can increase the surface albedos to values as high as
98%, whereas melt ponds can decrease the ice albedos to as low as 20%.
Because the albedo of snow-covered sea ice is high relative to that of open
water, the presence of sea ice considerably reduces the amount of solar
radiation absorbed at the Earth‟s surface. This is most significant in summer
when the insolation, or solar heating, is high.
Sea ice processes also affect oceanic circulation directly by the rejection of
salt to the underlying ocean during ice growth. This increases the density of
the water directly under the ice, thereby inducing convection that tends to
deepen the mixed layer. This convection contributes to driving the
thermohaline circulation of the ocean and, in regions with density structures
that are initially weak or unstable, can lead to overturning and deep water
formation.
Much of the world oceans‟ deep and bottom water is believed to be formed
in polar latitudes by these mechanisms. Conversely, the input of relatively
fresh water to the ocean during ice melt periods tends to increase the
stability of the upper layer of the ocean, inhibiting convection. Furthermore,
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the net equatorward transport of ice in each hemisphere produces a positive
freshwater transport and a negative heat transport. On a hemispheric scale,
the seasonal variability of ice extent and ice edge location is controlled by
atmospheric and oceanic forcing, which include ocean temperature and
salinity and atmospheric temperature and winds. The location of the ice
edge will in turn feedback on several atmospheric and oceanic processes
that affect the regional weather, such as generation of polar lows. On a
regional scale, surface roughness of the ice and the drag coefficient depend
upon ridging and rafting, both of which can be produced by wind- or waveinduced ice convergence.
The recent decline in summer ice extent and thinning of the multiyear ice in
the Arctic is one of the most remarkable climate change signals that has
been observed in the last decades. In order to understand this change, and
to predict the future evolution of the Arctic sea ice cover, it is necessary to
improve observations as well as modeling of sea ice and its interaction with
the ocean and the atmosphere.
3.2

Modelling activities
Realistically simulating the past and future evolution of Arctic sea ice is one
of the most challenging aims of climate modelling. It is particularly
challenging because sea ice reacts very quickly to any changes in the
atmospheric or oceanic forcing and integrates such changes over many
years. Models have improved significantly in recent years with respect to
the realism of the modeled sea-ice cover, but still many of these models
have difficulties in simulating the observed retreat of Arctic sea ice. There
are two main reasons for such difficulties, both of which can ultimately only
be overcome by the use of additional, improved sea-ice observations.
First, climate models have difficulties in simulating the observed sea-ice
retreat, because the driving weather patterns are inherently chaotic. Their
specific timing and hence the resulting sea-ice retreat can therefore not be
simulated by standard climate models. Such models are hence mostly useful
to project and simulate long-term, average changes in the sea-ice cover.
Much effort has been made in recent years to also allow for shorter term
seasonal to decadal predictions. For such simulations, which would allow
climate models to have their base state close to the real-world state, data
needs to be assimilated into the model, i.e. the model needs to be "pushed"
towards reality. Such data assimilation requires reliable, spatially and
temporally highly resolved observations which are then used to initialize the
climate model. This is going to be one of the main usages for enhanced seaice observations in the years to come.
The second reason for difficulties of climate models to simulate the observed
retreat stems from inherent model errors and missing physics. Such model
deficiencies can most easily be identified by comparing the observed sea-ice
cover with a modeled sea-ice cover, in particular in combination with sea-ice
data assimilation. Such comparison of modeled and observed sea-ice
evolution will allow model developers to identify the main issues related to
the model's quality. Again, spatially and temporally highly resolved sea-ice
data are very helpful to allow for the specific identification of model
deficiencies.
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Sea ice monitoring and forecasting services
Many nations with an interest in ice infested waters are running national
operational ice services. Examples are the Canadian Ice Service, US
National Ice Centre and the Norwegian and Danish Ice Services. The ice
services are co-operating internationally through the “International Ice
Charting Working Group”, IICWG, and more information can be found at
http://nsidc.org/noaa/iicwg/. Generally the main task for the operational
sea ice services is to produce charts based on a manual interpretation of
satellite data. Today these are primarily based on SAR together with optical
imagery, e.g. AVHRR and MODIS. Interpretation of satellite imagery and
subsequent mapping is carried out by experienced ice analysts. The ice
charts are primarily used for strategic and tactical planning within the
offshore and shipping command. Demands are for detailed high quality.
Manual ice charts are considered the best quality-controlled sea ice
information source and are used as validation of automatic generated data
sets (e.g. http://osisaf.met.no/validation/) and have also been used in longterm studies (Howell et al., 2008). Although manual ice charting has been
conducted for many decades the services are not focused on producing
consistent long-term climate records. There are regular observations in the
Arctic back to the late 1800‟s, typically in spring and summer, while
observations in the Antarctic are sporadic up to the satellite era. Early ice
charts are based on ship observations and manned stations. The accuracy
and quality of these early ice charts is variable.
The ice services have a close and well established user contact and although
focus is on real time ice charting and forecasting, an increased amount of
questions concerning sea ice and climate are also handled. For this the ice
services partly rely on their own experience often focusing on particular
regions. For global climate the ice services will rely on long term global
observations from e.g. the Hadley Centre for Climate Prediction and
Research (http://www.metoffice.gov.uk/climate-change/resources/hadley)
or satellite data record such as the OSISAF products (http://osisaf.met.no/).
The main use of ice climate data at the ice services are related to advising
users who are planning activities in ice infested waters. For oil and gas
exploration there is a need for long term datasets to describe probabilities of
ice occurrences around an installation. For this use it is necessary to go back
100 to 150 years to establish a reliable data series. For other users like the
cargo shipping and tourist industry which are planning activities for the
coming season it may be sufficient with climate series derived from
satellites observations and focusing on the last 20 to 30 years.

3.4

Marine transportation
Marine transportation transport in Arctic and sub-arctic waters are expected
to increase in coming years as a result of reduction of sea ice, a growing
demand for oil and gas exploitation in Arctic regions, and the general
development of global marine transportation. Increased melting of Arctic
sea ice may lead to a longer navigation season, improved accessibility for
shipping, and extended use of the shipping routes along the margins of the
Arctic basin (the Northern Sea Route, NSR, and the Northwest Passage,
NWP). Travel distance between Europe and the North Pacific Region can be
reduced by more than 40% compared with current sea routes by using the
NSR, and by even more if sailing directly across the North Pole becomes
possible. The Arctic Marine Shipping Assessment Report (AMSA 2009) has
analyzed current and future Arctic marine activities based on different
factors driving the need for transportation. All types of vessels are
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considered:
tankers, bulk carriers, offshore supply vessels, passenger
ships, tug/barge combinations, fishing vessels, ferries, research vessels and
government and commercial icebreakers. The report provides a number of
recommendations for ship operations in Arctic waters related to (1) safety of
operations, (2) protection of people and environment, (3) building
infrastructure, and (4) governance and legislation of shipping activities.
The physical parameters that pose challenges to marine transportation and
offshore operations in the Arctic are mainly related to the high latitudes and
low air and sea temperatures. These include (DnV, 2010):


Sea ice and icebergs that represent hazards to the integrity of ship hulls
and platforms.



Icing from sea spray, precipitation, and fog, which raise both stability
problems and other safety issues.



Polar lows (small storms that are difficult to detect and predict).



Wind chill, i.e. combinations of low temperatures and strong winds, which
is a safety and health issue.



Remoteness, with implications for rescue, emergency operations, and
communications.



Darkness in winter.



Reduced visibility from fog and precipitation.



Less reliable weather forecasts than in other ocean areas

In general, information on the meteorological and oceanographic conditions,
like winds and waves in both Arctic and Antarctic with seasonal or all-year
ice cover is poor. It is therefore of high priority to develop improved
monitoring and forecasting systems for the ice–covered seas, including
long-term data sets describing seasonal and interannual variability of sea ice
and other related physical parameters.
3.5

Oil and gas exploration in polar waters
The ongoing changes in Arctic climate with increasing temperatures and
decreasing sea ice cover have stimulated the interest for oil and gas
exploration in several Arctic areas. A reduction of the sea ice area opens up
the possibility to access new areas of the Arctic Ocean where hydrocarbon
resources can be exploited and transported to the markets. The main Arctic
areas where large-scale offshore exploration have started are: Sakhalin in
Sea of Okhotsk, North Slope of Alaska, Cook Inlet, Grand Banks of
Newfoundland, Barents Sea (Snøhvit field and the upcoming Shtokman
field) and the Pechora Sea. All these areas have seasonal sea ice cover and
some have icebergs that put severe constraints on design and operation of
installations and on transport solutions. Even if the sea ice cover is
decreasing and is expected to diminish further in the coming decades, the
sea ice will still remain a dominant factor in most of the exploration areas in
the winter season. It has to be noted that a thinner and possibly also
warmer winter ice pack is subject to an increased amount of deformation. In
the summer months, however, less sea ice will provide access to offshore
areas in Canada, Greenland and on the eastern Siberian shelf that were
previously inaccessible due to sea ice.
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Sea ice concentration, thickness, and pressure are the major direct factors
influencing ice forcing on constructions and operations in ice areas. For
offshore construction, the drift of ice as well as its thickness and mass are
key parameters in calculation of ice loading. Maximum ice thickness is
mainly determined by ridges and ice keels, formed when ice floes are
pushed against the shore and can be piled on top of each other. In shallow
waters, where depths are less than 20 m, ice keels can become grounded
and ridges can build up to more than 10 m as a result of the drifting ice
floes. In addition to the general ice conditions, it is very important to have
specific data on these ice parameters in local regions where ice operations
are planned. Oil companies usually need to collect region-specific data on
sea ice parameters as part of the design phase studies for operations in
Arctic areas. For offshore operations, there are two main situations that
require different management of the ice. The first situation is in shallow
waters (5 – 20 m) where constructions are built on the seafloor and
designed to withstand the forces of the drifting sea ice. The sea ice is often
attached to the seafloor and can be stationary for a long time. But
stationary ice can start to drift due to strong winds and pile up ice blocks
forming stamukhas. The other situation is when operations take place in
deeper water covered with ice that is freely drifting and also icebergs can
occur. Floating constructions and ships can operate if they are designed to
withstand the ice forcing. In case of extreme ice conditions, the platforms
can be released and towed away. These users have very specific
requirements for sea ice data as well as modelling and forecasting
capabilities.
3.6

Marine ecosystems and fisheries
Arctic sea ice is a unique ecosystem providing habitat to many iceassociated species, including micro-organisms, fish, birds, and marine
mammals. Although Arctic sea ice has decreased substantially in extent and
thickness in recent years, the response of individual species to changes in
sea ice depends on its ability to adapt and its natural history, as well as the
scale of environmental change. Information to assess the status and trends
of ice-associated species is very limited, and in some cases the relationship
between sea ice and species is not entirely understood. Continued sea ice
loss due to climate change is expected to lead to changes in the sea-ice
ecosystem towards a pelagic, sub-Arctic ecosystem over a larger area.
Increased production in open water may increase prey concentrations for
some species, such as bowhead whales; however, with less ice there will be
less ice algae, affecting bottom-feeding marine species. Continued warming
and continued reductions in sea ice will likely result in the northward
expansion of sub-Arctic species, with the associated potential for increase in
disease, predation, and competition for food (CAFF, 2010)
The Arctic Climate Impact Assessment scientific report (ACIA, 2005) has
assessed four major areas for Arctic and Subarctic marine fisheries and their
ecosystems, namely (i) the Northeast Atlantic (Barents and Norwegian
Seas) (ii) the Central North Atlantic (waters around Iceland and off East
Greenland), (iii) Northeast Canada (Newfoundland and Labrador Seas) and
(iv) North Pacific (Bering Sea). All these areas are affected directly or
indirectly by changes in sea ice on seasonal, interannual and decadal scale.
A warmer Arctic with reductions in sea ice coverage and thickness, reduced
salinity, increasing acidification and other oceanographic and meteorological
changes are all factors that are certain to affect Arctic marine ecosystems.
The composition of Arctic marine ecosystems will undoubtedly change;
qualitatively, quantitatively, spatially and temporally, affecting the fishing
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opportunities in different regions. Furthermore, reduction in ice overage and
thickness will also enable other human activities - most importantly shipping
and offshore hydrocarbon activities - these activities may compete with
fishing in a spatial sense or affect them by pollution and other impacts.
It is expected that a moderate warming will improve the conditions for some
of the most important commercial fish stocks, as well as for aquaculture.
This is most likely to be due to enhanced levels of primary and secondary
production resulting from reduced sea-ice cover and more extensive habitat
areas for subarctic species such as cod and herring. Global warming is also
likely to induce an ecosystem regime shift in some areas, resulting in a very
different species composition.
For marine ecosystem research and fisheries management in polar regions it
is important to build up long term observational data on physical (sea ice,
oceanography and meteorology) as well biological and chemical parameters.
For sea ice, it is particularly important to observe not only large-scale ice
extent and thickness, but also regional properties of the sea ice cover and
ocean processes in the marginal ice zones where high primary production is
an important factor for the marine ecosystems.
3.7

Overall assessment of application of sea ice climate data
Sea ice climate data have been already and will continue to be a key part
for a better understanding of the interaction between the Polar Regions and
the mid-latitude regions under the current as well as the projected climate,
and for an improvement in the understanding of ocean-atmosphere-sea icebiogeochemical processes in the high latitudes. Under sea ice climate data
(SICD) we understand quality-controlled, long time-series of the distribution
of sea ice parameters: concentration, motion, thickness, volume, and type.
The observed decrease in Arctic sea ice area (e.g. Stroeve et al., 2008) but
at the same time stable Antarctic sea ice area (e.g. Walsh, 2009) has
fostered more intensive research about causes, future developments, and
impacts, particularly for the Arctic (e.g. Vavrus et al., 2012; Notz and
Marotzke, 2012; Petoukhov and Semenov, 2010; Screen and Simmonds,
2010). In this context, SICD are essential for the evaluation and
optimization of coupled numerical models.
For example, the observed distribution of Arctic sea ice thickness and
motion allowed us to assess the quality of CMIP3 climate simulations with
respect to the Arctic sea ice component (Kwok, 2011), and to optimize the
PIOMAS Arctic sea ice volume record (Schweiger et al., 2011). SICD sets of
sea ice motion and area allowed us to get an estimate of the long-term sea
ice age distribution in the Arctic and thereby gave the basis for the current
understanding of “flushing” events during which the Arctic Ocean lost its
oldest sea ice (Maslanik et al., 2011; Rigor and Wallace, 2004). A
combination of SICD sets area, motion, and thickness is required to get an
estimate of the volume flux through Fram Strait (e.g. Spreen et al., 2009),
that gate where the majority of Arctic sea ice export occurs, thus
dominating the sea ice related surface freshwater flux into the North
Atlantic. Also, a combination of SICD sets is required if we aim to
understand the sea ice mass balance of the Southern Ocean where snow
accumulation and drift play a substantial role (Maksym et al., 2008).
Note that uncertainty and long-term stability are important, yet often
underrepresented quantities in SICD which are especially important for
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trend analyses and the selection of a SICD for, e.g., model optimization or a
process study. This has been reported, for example, for Arctic high sea-ice
concentration analysis (Andersen et al., 2007), Antarctic sea ice cover
analysis (Screen, 2001), and for modelling Arctic surface air temperatures
as function of sea ice thickness (Gerdes, 2006).
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4

User survey

4.1

Introduction to the user survey
In order to develop the Essential Climate Variables (ECVs) for sea ice, it is a
requirement in the CCI programme to perform a user requirement survey
and analyse the requirements for the specification of products. The main sea
ice variables contributing to the ECVs are ice concentration (SIC) and ice
thickness (SIT), both of which have been observed from space for several
years.
The requirement analysis will address coverage, resolution, bias, precision
and stability of the SIC and SIT measurements, as well as product formats,
grid and projection. Also requirements for other sea ice variables relevant
for climate research will be addressed.
The requirements will be defined for a number of applications in particular
climate modelling including model development, model validation, model
initialization, data assimilation, and other climate research activities such as
time series analysis. The requirements will be analyzed in terms of how
important they are for the different applications. The requirements are
divided in two categories: minimum requirement ("MUST HAVE"), and
target requirements ("NICE TO HAVE"). This is a simplification of the threelevel requirements described in section 2.2.2.
One specific issue is to assess the requirements for error estimation of the
data sets to be provided in the project. Three parameters are defined: Bias,
Precision and Stability (Fig. 4.1):

Figure 4-1:
Illustration of bias, precision and stability of satellite
measurements, using SST as an example. Bias is defined as the offset of the
mean satellite observations from the “true” values; Precision is defined as
scatter of multiple measurements of a constant target, and Stability is
defined as drift in observed mean value of a constant target over a decade.
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Users involved in the survey
The user survey was conducted in the period from 26 March to 4 May 2012,
using
an
online
system
provided
by
SurveyMonkey
(https://no.surveymonkey.com/). The user questionnaire was developed
and implemented in the system before the survey was announced via the
CCI Sea Ice website and on several mailing lists. When the survey was
ended in the first week of May, a total of 91 respondents had replied to the
questionnaire. See Table 3-1 below.

Institution

Contact person

e-mail

Alfred Wegener Institute for Polar and Marine
Research
Australian Bureau of Meteorology
Bigelow Laboratory for Ocean Sciences
British Antarctic Survey
Carleton University
C-CORE
Center for Coastal Physical Oceanography
CIRES
Clarkson University
Climate Research Division, Environment
Canada
CNRM-GAME, Météo-France/CNRS
ConocoPhillips
CSIRO Marine and atmospheric research
D J Cavalieri/NASA GSFC
Danish Meteorological Institute
Danish Meteorological Institute
Dept of Meteorology/Stockholm University
Environment Canada
Environment Canada
Environment Canada
Fednav Limited
Fisheries and Oceans Canada
Helmholtz-Zentrum Geesthacht
Helmholtz-Zentrum Geesthacht
Hokkaido University
IAP/CAS
IARC, UAF
ICMMG
IfM - Uni Hamburg
IMGW-PIB, Polish Ice Service
Institute of Oceanography
Institute of Oceanography, University of
Hamburg
Institute of Oceanology PAS
ISAC-CNR
Jet Propulsion Laboratory/California Institute of
Technology
JPL
JPL
LANL

Gerhard Dieckmann

gerhard.dieckmann@awi.de

Phil Reid
Patricia Matrai
Paul Holland
Sam Iverson
Desmond Power
Stefanie Mack
Sandy Starkweather
Hayley H. Shen
Stephen Howell

p.reid@bom.gov.au
pmatrai@bigelow.org
pahol@bas.ac.uk
siverson@fastmail.fm
des.power@c-core.ca
cumber@ccpo.odu.edu
sandra.starkweather@colorado.edu
hhshen@clarkson.edu
Stephen.Howell@ec.gc.ca

Matthieu Chevallier
Chris Yetsko
Petteri Uotila
Donald J. Cavalieri
Matilde Brandt Jensen
Shuting Yang
Michael Tjernström
Mohammed Shokr
Alain Caya
Frederic Dupont
T Keane
Humfrey Melling
Ha Ho
Birgit Huenicke
Takenobu Toyota
Xiaoxu Shi
Jenny Hutchings
Gennady Platov
Anja Rösel
Marzenna Sztobryn
Alexander Beitsch
Mikhail Dobrynin

matthieu.chevallier@meteo.fr
chris.m.yetsko@conocophillips.com
petteri.uotila@csiro.au
Donald.J.Cavalieri@nasa.gov
mbje@dmi.dk
shuting@dmi.dk
michaelt@misu.su.se
mohammed.shokr@ec.gc.ca
alain.caya@ec.gc.ca
frederic.dupont@ec.gc.ca
tkeane@fednav.com
Humfrey.Melling@dfo-mpo.gc.ca
Ha.Ho@hzg.de
birgit.huenicke@hzg.de
toyota@lowtem.hokudai.ac.jp
xiaoxu.shi@zmaw.de
jenny@iarc.uaf.edu
Platov.G@gmail.com
anja.roesel@zmaw.de
marzenna.sztobryn@imgw.pl
alexander.beitsch@zmaw.de
mikhail.dobrynin@zmaw.de

Walczowski
FLAVIO PARMIGGIANI
Gunnar Spreen

walczows@iopan.gda.pl
f.parmiggiani@isac.cnr.it
gunnar.spreen@jpl.nasa.gov

Ben Holt
Ron Kwok
Elizabeth Hunke

benjamin.m.holt@jpl.nasa.gov
ron.kwok@jpl.nasa.gov
eclare@lanl.gov
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Max-Planck Institute for Meteorology
Mercator Ocean
Met Office
Met Office
Met Office
Moscow State University
MPI for Meteorology
National Oceanography Centre
National Snow and Ice Data Center
Naval Research Laboratory
NCAR
NCAR/EOL
NERSC
NERSC
NERSC
NIWA
NIWA
NOAA
NOAA
Norsk Polarinstitutt
Norsk Polarinstitutt
NORUT NARVIK
Norwegian Ice Service (met.no)
Shell international
SIO-UCSD
Space Applications Centre- ISRO
Texas A&M University
UFRGS - CPC
UMD
Uni Research
Université catholique de Louvain
Université de Liège
University of Delaware
University of East Anglia
University of Hamburg
University of Hamburg
University of New South Wales
University of Reading, Meteorology
University of Rhode Island
University of Trier
University of Tromsø
University of Washington
University of Wisconsin-Madison
University of Zurich
USDOI BOEM Alaska Region
UTSA
Woods Hole Oceanographic Institution
Woods Hole Oceanographic Institution
Yale University
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Einar Olason
Garric
Holly Titchner
Matthew Martin
Jeff Ridley
Osip Kokin
Aiko Voigt
Miguel Maqueda
Walter Meier
Pamela G. Posey
Alexandra Jahn
Don Stott
Bertino
Marta Zygmuntowska
Lasse
James Renwick
Mike Williams
Robert Grumbine
Janet Intrieri
Mats Granskog
Harvey Goodwin
Hamid Daiyan
Nick Hughes
nicolas fournier
Matthew Mazloff
Rajkumar Kamaljit Singh
Achim Stoessel
Ingrid Linck Rosenhaim
Gennady
Lars H Smedsrud
Francois Massonnet
Bruno Delille
Cathleen Geiger
Jennifer Graham
Meike Demgen
Edilbert Kirk
Alex Sen Gupta
Jonathan Day (APPOSITE project)
Brice Loose
Sascha Willmes
Jørgen S. Christiansen
Adam Freeburg
Xuanji Wang
Lucas Girard
Jeffrey Denton
Stephen Ackley
Andrey Proshutinsky
Jeremy Kasper
Andrew Wells

einar.olason@zmaw.de
ggarric@mercator-ocean.fr
holly.titchner@metoffice.gov.uk
matthew.martin@metoffice.gov.uk
jeff.ridley@metoffice.gov.uk
osip_kokin@mail.ru
aiko.voigt@zmaw.de
mamm@noc.ac.uk
walt@nsidc.org
pamela.posey@nrlssc.navy.mil
ajahn@ucar.edu
stott@ucar.edu
laurent.bertino@nersc.no
marta.zygmuntowska@nersc.no
lasse@nersc.no
james.renwick@niwa.co.nz
mike.williams@niwa.co.nz
Robert.Grumbine@noaa.gov
janet.intrieri@noaa.gov
mats@npolar.no
harvey@npolar.no
hamid.daiyan@norut.no
nick.hughes@met.no
nicolas.fournier@shell.com
mmazloff@ucsd.edu
kamaljit.rajkumar@gmail.com
astoessel@ocean.tamu.edu
ilinck@gmail.com
chepurin@atmos.umd.edu
lars.smedsrud@uni.no
francois.massonnet@uclouvain.be
Bruno.Delille@ulg.ac.be
cgeiger@udel.edu
j.graham@uea.ac.uk
meike.demgen@zmaw.de
E.Kirk@gmx.de
a.sengupta@unsw.edu.au
j.j.day@reading.ac.uk
brice@gso.uri.edu
willmes@uni-trier.de
jorgen.s.christiansen@uit.no
freebs@uw.edu
xuanjiw@ssec.wisc.edu
girard@geo.uzh.ch
Jeffrey.Denton@boem.gov
stephen.ackley@utsa.edu
aproshutinsky@whoi.edu
jkasper@whoi.edu
Andrew.J.Wells@yale.edu

Table 4-1: List of users who have responded to the User Survey
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4.3

Summary of survey results

4.3.1

Distribution among the application areas

4.3.2

This section gives a summary of the survey results. The detailed results are
presented in Appendix A. All 91 respondents indicated that they were
working in one or several of the ten defined user application areas (Fig.
4.2). More than 74 % of the respondents indicated that they were working
with analysis of time series of sea ice data over several decades. Between
34 % and 45 % were working with modelling activities including validation
and data assimilation. 25 % were involved in ice charting and ice
forecasting, while 10 – 20 % responded to each of the categories Marine
biology, fisheries and ecosystem research, Marine transportation and
Offshore operations.

Figure 4-2: Distribution of replies among the user application areas

4.3.3

The importance of various sea ice parameters
A large majority of the users answered that all the listed parameters are
“Very important”, or “Important” or “Can be used” (Fig. 4.3). The single
most important parameter for most of the users is ice concentration
followed by the derived ice area and extent. Ice thickness and ice drift is
important or very important for more than 80 % of the users. For the other
parameters only between 5 and 15 % answered that these parameters are
not relevant.
The conclusion for this survey is that the demand for sea ice data is much
larger than the basic ECV parameters defined by GCOS (ice concentration
and ice thickness). There is therefore a significant user potential for new
satellite derived products for sea ice.
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Figure 4-3: Categorization of the importance of various sea ice parameters from
the user replies
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4.3.4

Geographical areas, temporal coverage and spatial resolution

4.3.4.1

Geographical areas: For ice concentration 85 % answered Arctic and 54 %
answered Antarctica and 12 % other regional seas. For ice thickness 86 %
answered Arctic and 52 % answered Antarctica and 14 % other regional
seas.

4.3.4.2

Temporal coverage: For ice concentration the vast majority required yearround data with daily sampling rate for data provided by passive microwave
satellites since 1978 (Fig. 4.4 upper graph). 37% needed data before 1978,
when regular satellite monitoring started. For ice thickness users were only
asked about seasonal coverage regarding radar altimeter data from 1993 to
present, and most users required data for all seasons. A large majority also
wanted data before 1993, when no regular satellite altimeter data are
available.

4.3.4.3

Spatial resolution: The requirements for spatial resolution for both ice
concentration and ice thickness are presented in Fig. 4.4 (middle and lower
graph). The requirements are defined in two categories: minimum
requirement (MUST HAVE) and target requirements (NICE TO HAVE).
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Figure 4-4: Distribution of requirements for temporal sampling and
spatial resolution
For ice concentration the minimum requirement for spatial resolution is
centered at 10 – 20 km, while the target requirement has a clear maximum
at < 10 km. For ice thickness the minimum requirement is spread between <
10 km to 50 km. The target requirement has a clear peak at < 10 km.

4.3.5

Requirement for error characterisation
It is one of the main goals of the project to determine the errors of the sea
ice ECVs that will be provided. It is therefore important to quantify user
requirements for errors in the SIC and SIT data sets. In the user survey we
asked users to estimate three error parameters; bias, precision and
stability. Bias is defined as the offset of the mean satellite observations from
the “true” values; Precision is defined as scatter of multiple measurements
of a constant target, and Stability is defined as drift in observed mean value
of a constant target over a decade. These parameters are illustrated in Fig.
4.1.
For SIC, users were asked to estimate bias, precision and stability in %
concentration in five intervals: > 10 %, 5 – 10 %, 2- 5 %, 1- 2 % and > 1
%. The users were also asked to reply if error estimation was not relevant
for them. Minimum requirement for bias was centered at 5 - 10 %,
minimum requirement for precision and stability was centered at 2 – 5 %
(Fig. 4.5). The target requirement for all three parameters was shifted
towards lower values.
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Figure 4-5: Distribution of error requirements for SIC based on response
from 70 users
For SIT the error estimation is quantified in cm mean thickness averaged
over a larger area provided by radar altimeter data, typically 100 by 100 km
over a month. The distribution of the minimum requirements (Fig. 4.6)
shows that bias and stability are centered at 10 - 20 cm, while precision is
centered at 5 – 10 cm. The target requirements for all three parameters are
shifted to lower values: 2 – 5 cm. Several users expressed that they did not
have clear view of the error requirements and could only provide rough
estimates. 64 out of 91 respondents replied to the question, while similar
number for SIC error was 70 out of 91. On the other hand the question for
SIC error allowed respondents to choose “Not relevant”. 15 respondents
chose this option.
The error estimation for SIT is dependent on the trade-off between high
spatial resolution and high precision. Therefore, the users were asked which
of the two choices were preferred. The replies were roughly 50 – 50 %. The
users were also asked what should be the most important outcome of the
CCI project, either ECV time series that are as stable as possible, or time
series which are as accurate as possible, taking into account that new data
will be more accurate than older data. Also the replies to this question had
50 – 50 % distribution.
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Figure 4-6: Distribution of error requirements for SIT based on response from 64
users.

The users were also asked what other sea ice parameters are important for them in
addition to SIC and SIT, and what are the requirements for observation frequency and
spatial resolution. The results are presented in Fig. 4.7.
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Figure 4-7: Requirements for observation frequency and spatial resolution for
other sea ice parameters
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From the list of ice parameters in Fig. 4.7 most users require data on ice
drift, followed by snow thickness, surface temperature and ice type/ice age.
Daily sampling is required for most of the parameters, and spatial scales
less than 20 km are dominating.
Other questions were addressing more practical aspects of the ECV time
series, such as requirement for swath data in addition to gridded data. 26
out of 69 respondents (38 %) needed swath data in addition to gridded and
time averaged data. Almost all users were satisfied with provision of sea ice
data provided in NetCDF format only, and most users replied that polarcentered projections for the gridded products would be sufficient.
The users provided a number of comments. All these are included in the
Appendix together with the data collected for each question.
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Conclusions
-

Previous user surveys show that there is a wide range of users of sea ice
data on both Arctic, Antarctic and other ice-covered regional seas. The
surveys have had different objectives addressing different user groups
and societal benefit areas. Focus has been on the requirements by
operational users such as sea ice and weather services, ship traffic,
offshore operations and other users who need daily updated information
including forecasting. Furthermore, user requirements have been
defined for space programmes such as the EUMETSAT Polar System
(EPS), National Polar-orbiting Operational Environmental Satellite
System (NPOESS) and the Sentinel programme. These user
requirements have been rather general without specific requirements to
quantitative measurements needed for climate research.

-

The requirement analysis in this study is focussed on climate users and
their need for sea ice concentration and sea ice thickness data in various
activities such as sea ice model development, data assimilation and
climate model evaluation. This is a follow-up of the more general user
requirements for climate research defined by GCOS, WMO and other,
where quantitative requirements for data coverage, measurement
accuracy and long-term stability of the observing systems are
addressed.

-

The web-based user survey was conducted using an on-line
questionnaire where primarily the requirements for sea ice data in
climate research were addressed. A total of 91 respondents participated
in the survey, where requirements in different application areas were
identified. These comprised climate and sea ice modelling, validation of
models, data assimilation, ice charting and forecasting, marine biology,
fisheries and ecosystem research, marine transportation and offshore
operations in ice-covered seas.

-

Error characterisation for the sea ice ECVs is an important part of the
study, and users were therefore asked about their requirements for
three different error parameters: BIAS: defined as the offset of the
mean satellite observations from the “true” values; PRECISION: defined
as scatter of multiple measurements of a constant target, and
STABILITY: defined as drift in observed mean value of a constant target
over a decade. Many respondents replied that they did not have clear
view on requirements on error characterization and therefore their
replies were based on intuition. Some respondents replied that error
characterization was “not relevant” or they had no idea how to respond
to this question.

-

The survey primarily addressed the requirements for data on sea ice
concentration and sea ice thickness, which are the main constituents of
the sea ice ECV. For ice concentration the majority of the respondents
required daily sampling, 10-20 km spatial resolution and measurement
precision better than 10 %. For ice thickness, the majority of the
respondents required spatial resolution better than 50 km and
measurement precision better than 20 cm. Temporal resolution of ice
thickness data is envisaged to be about a month for satellite altimeter
retrievals. The requirement for long-term stability is 2 % per decade for
ice concentration and 5 cm per decade for ice thickness.
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-

Also requirements for other sea ice parameters such as ice drift, ice
volume, snow cover, melt pond fraction, albedo, surface temperature,
sea ice salinity and others were investigated. All these parameters were
required by between 16 and 38 out of the 91 respondents. Most of the
respondents required daily or weekly temporal sampling and spatial
resolution of 20 km or better. The ongoing project will not provide data
sets on these parameters, but recommendation is made to extend sea
ice data sets with more parameters in future studies of sea ice data in
climate research.

-

The survey addressed some practical aspects of the sea ice data sets
such as gridded versus swath-based data sets, map projection and
formats. Users were also asked to choose between long-term stability of
time series and higher accuracy of newer data for shorter time series,
which is normally the case for satellite retrievals. The replies were
distributed 50 – 50 % between the two choices. The results of the user
survey will be used to define the sea ECV time series to be provided by
the project.
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User survey details

Survey results: User work tasks

Q2: What is your work task(s) where you need sea ice data ?
Response
Percent

Response
Count

Global models

34.9%

30

Regional models

41.9%

36

Model development

36.0%

31

Model evaluation

45.3%

39

Model initialisation and/or data assimilation

33.7%

29

Analysis of timeseries of ice data over several years and seasons

74.4%

64

Ice charting and forecasting

25.6%

22

Marine biology – fisheries- ecosystem research

11.6%

10

Marine transport in ice covered waters

20.9%

18

Offshore operations

18.6%

16

Answer Options

Other*

12

Answered questions: 86
Skipped questions: 5
The comments listed under “Other” are the following:
1. Satellite retrievals of cloud properties over sea ice
2. Linked to arctic data archives EOL manages as brokered data (Earth Observation
Laboratory at NCAR (www.eol.ucar.edu)
3. Comparison of in-situ ocean measurements with satellite ice data (velocity and
concentration)
4. Sea ice biogeochemistry
5. fieldwork planning and working on sea ice
6. general
7. Basic science - understanding sea ice
8. Parameter estimates of air-sea gas exchange
9. Sea ice research - ice dynamics
10. Marine Biogeochemistry
11. Comparison with other remote sensing datasets
12. Sea ice algorithm development
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Survey results: Sea ice parameters

Q3. How important are the following sea ice data in your work task(s) ?
Sea ice parameters
Sea Ice concentration
Sea ice area (derived from concentration)
Sea ice extent (derived from concentration)
Sea ice thickness: Mean thickness
Sea ice thickness: Modal thickness
Sea ice thickness: Thickness distribution
Sea ice freeboard
Sea ice volume
Sea ice age/ice-type
Sea ice drift
Snow thickness on sea ice
Snow water equivalent on sea ice
Albedo
Melt parameters (onset, duration, end)
Melt pond fraction (% area covered by
meltpond)
Ridge fraction (% area covered by ridges)
Lead fraction (% area covered by leads)
Floe size
Surface roughness
Polynyas (localization, size)
Surface temperature
Sea ice salinity
Other*

Not
relevant

Can be
useful

Important

1
2
3
2
5
5
15
11
7
7
12
17
13
10

4
18
18
11
16
7
24
24
20
11
11
33
18
25

12
22
18
28
27
25
19
18
27
24
23
13
20
25

Very
important
69
37
38
43
31
47
19
27
25
39
33
14
27
19

14

22

19

23

78

12
9
14
14
8
5
11

24
20
26
24
20
13
19

20
25
19
24
32
28
24

24
24
17
13
18
35
26

80
78
76
75
78
81
80
12

Response
Count
86
79
77
84
79
84
77
80
79
81
79
77
78
79

Answered questions: 87, Skipped questions: 4

Other parameters include:
 Ice stress deformation
 Sea ice porosity
 Ocean-sea ice and Atmosphere-sea ice fluxes, Sea ice motion & deformation
 Lead distribution, surface roughness under ice
 Consolidation
 Air-ice fluxes (sensible, latent...).
 Temperature profiles across sea ice
 Sea ice strain-rate (divergence, shear, vorticity)
 In-situ stress estimates from strain gauges.
 Shear zones, areas of pressured ice
 Superimposed ice occurrence
 Floe size distribution
 Local melt rate due to oceanic heat flux, net freezing rate
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Survey results: areas

Q4. What is your main region(s) of interest?

No. of answers

Arctic

Antarctic

Other*

Response
count

70

44

10

82

Answered questions: 82
Skipped questions: 9
Other regions: Baltic Sea and North Sea, Svalbard, Barents Sea, Fram Strait, Barents
Sea, Kara Sea, Northwest Greenland, Northeast Greenland, Sea of Okhotsk, Beaufort
Sea, Chukchi Sea, Canadian polar shelf, Baffin Bay, Hudson bay, Gulf of St Lawrence,
Ross Sea, Inland waters, including Great Lakes, Caspian Sea, Sea of Azov, Great Bear
Lake, Lake Manitoba, Lake Onega, .etc.

A.4

Survey results: sea ice concentration requirements

Q5. Sea ice concentration: What is your requirement for temporal coverage?
Frequency of
observation

Sub-daily

Daily

Weekly

Monthly

Yearly

Response
count

No. of answers

11

45

8

15

1

80

Season

All year

Winter

Spring

Summer

Winter

Response
count

No. of answers

74

3

0

0

1

78

Q6. Sea ice concentration: Do you need data before 1978 ?
Response
Percent

Response
Count

Yes

37.0%

30

No

63.0%

51

Answer Options

If yes, specify from which year and area*

26

Answered questions: 81
Skipped questions: 10
Replies regarding other periods and areas
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 As early as possible, as long as the errors are (well?) defined.
 For climate variability work, longer time series for all areas are useful.
 1972-1978 from ESMR and SMMR, Antarctic
 At least start from 1958.
 Given the limited records, any information prior to 1978 is useful to better assess
the variability. However the statement of uncertainties for these potential
products should be provided, as I suspect they are much less reliable than those
from the satellite-era.
 As early as possible for both the Arctic and Antarctic. Would be good to have data
from at least the 1930s.
 Hudson Strait, as far back as the 1950s if possible
 Bellingshausen and Amundsen Seas, since 1970 would be great
 The more data the better, for anywhere on the globe that freezes.

 From 1870 for both Arctic and Antarctic
 Any reliable extension to the time series before 1978 would be really useful for
climate studies.
 Anything prior to 1978 for the Ross Sea Region
 Studying sea ice concentration and effects up to 2000 years ago
 Beaufort Sea, Canadian polar shelf 1950-1978
 From 1958 on (start of ERA40 reanalysis). Arctic mainly.
 As early as possible, whole Arctic. 1950 would be great.
 As far back as possible, and especially for the Barents Sea. The data available now
is not useful
 Complete Arctic and Antarctic, as long as possible
 Only if continuous and inter-calibrated time series to SMMR, then all available for
Arctic

Q7. Sea ice concentration: What is your requirement for spatial resolution ?

Spatial resolution

> 100
km

100-50
km

50-20
km

20-10
km

< 10
km

Response
count

Grid resolution that you
must have: # answers

6

12

17

28

15

78

Grid resolution that
would be nice to have: #
answers

1

6

5

11

48

71

Comments

10

Answered questions: 78
Skipped questions: 13
Comments:
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 more resolution is always good.
 It should be consistent with model resolution
 ca. 25 km is the minimum resolution for our global weather modeling. 4 km is the
desired resolution for mesoscale weather modeling, which also leads to the
interests in lakes.
 This was hard to answer as I use data on a regular lat lon grid. My minimum
requirement is 1 degree by 1 degree and my target requirement is 0.25 degree by
0.25 degree.
 Bremen university product adequate
 Looking at large-scale features only (so far)
 Attempting to model at scales relevant to human agent interaction, so the larger
scale = better
 Our current grid resolution is 3.5 km at North Pole; the optimum data resolution
would be similar.
 Ideally, we'd like sub-kilometer resolution to resolve the small-scale leads and
open water, especially when the ice cover is at its most consolidated.
 NWP and climate model resolutions will be < 25km and regional models ~5km
resolution in a few years‟ time.
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Q8. Sea ice concentration: What is your requirement for error characterisation: Bias,
Precision, Stability ?
Answer options

Not rele- > 10% 10-5 % 5-2 % 2-1 %
vant

< 1%

Response
count

Minimum requirement for
Bias in % (Must have)

7

8

25

18

9

2

69

Target requirement for Bias in
% (Nice to have)

7

2

4

17

21

19

70

Minimum requirement for
Precision in % (Must have)

7

8

18

25

7

3

68

Target requirement for
Precision in % (Nice to have)

7

2

5

11

26

18

69

Minimum requirement for
Long-term Stability in %

15

7

10

18

14

3

67

Target requirement for Longterm Stability in %

15

2

3

9

22

16

67

Comments

8

Answered questions: 70
Skipped questions: 21
Comments:
 The bias figures referees to winter time. Larger bias ~ 10-20 % could be ok in
summer if there are estimates on melt pond fraction in addition.
 we do not currently have enough expertise and knowledge of our accuracy
requirements.
 Did not understand items 5 and 6, therefore I put not relevant
 I am unsure of these figures and so they are approximate only.
 It depends on the location. At the ice edge, the error should be minimal (although
it is in general larger than in the centre of the pack).
 I also found this hard to answer. I want the best possible for all these errors!
Long-term stability is the most important for me as I am creating a climate
record. Bias is also important though, and precision a little less so.
 I am not sure you can meet my requirements - especially in summer. A minimum
requirement should be that any products come with a detailed error description.
 Above specifications are for winter ice pack concentration, where heat fluxes are
highly dependent on lead fraction. In summer the constraints are a few per cent
weaker, but the key consideration is the discrimination between melt ponds and
leads
A.5

Survey results: sea ice thickness requirements

Q9. Sea ice thickness: What is your main region(s) of interest ?
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No. of answers

Arctic

Antarctic

Other

Response
count

68

41

10

79

Specify other area(s)

11

Answered questions: 79
Skipped questions: 12
Other areas:
 All potentially ice covered regions
 Baltic Sea
 Barents Sea, Kara Sea
 Sea of Okhotsk
 Northwest and Northeast Greenland,
 Caspian sea,
 Ross Sea,
 Gulf of St Lawrence

Q10. Sea ice thickness: What is your requirement for spatial resolution ?
Spatial resolution

> 200
km

200100 km

10050 km

50-20
km

20-10
km

< 10
km

Response
count

Minimum requirement
for grid resolution
(must have)

3

9

7

20

22

15

76

Target requirement
for grid resolution
(nice to have)

0

1

7

6

14

44

72

Comments

3

Answered questions: 76
Skipped questions: 15
Comments:
 Variations in the ice thickness are at the floe scale, ~100m horizontally. If larger
grid scales, are used, the details of the ice thickness distribution are lost, and only
a mean thickness, not the mode or the ridged ice (tail of the distribution), is
found. I/we are interested in the thickness distribution and therefore have to
have grid resolution at these sub--km scales, commensurate with the floe scale.
 While very coarse resolution would currently be of some use, the eventual target
is to be able to support mesoscale NWP.

Q11. Sea ice thickness: What is your requirement for error characterisation: Bias,
Precision, Stability ?
Answer options

>50 cm 50-20 20-10
cm
cm

10-5
cm

5-2 cm

<2
cm

Response
count
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Minimum requirement for
Bias in cm (Must have)

7

13

18

16

7

2

63

Target requirement for Bias
in cm (Nice to have)

3

5

5

15

22

13

63

Minimum requirement for
Precision in cm (Must have)

6

14

13

20

6

1

60

Target requirement for
Precision in cm (Nice to have)

3

5

6

13

21

12

60

Minimum requirement for
Long-term Stability in %

8

11

18

12

9

1

59

Target requirement for Longterm Stability in cm

6

5

7

8

20

13

59

Comments

9

Answered questions: 64
Skipped questions: 27
Comments:
 A Climate Data Record for Ic thickness requires a low-bias, high precision data set
that can resolve thickness changes over the multi-annual scales to relate to
changes in thermal and mechanical driving.
 Again, depends on the location. In the Arctic I would say that the error should not
exceed 10%, i.e. ~30 cm. For Antarctic I would prefer a maximal error of ~10 cm
 Wasn't very sure about these has haven't used thickness data much. Long-term
stability is most important for my work followed by bias and then precision.
 I'm not so experience with sea-ice thickness so not so confident in these
requirements.
 Required accuracy depends on time scale/ averaging period

Q12 Which is most important for your application – high spatial resolution or high
precision in ice thickness measurements ?
Response
Percent

Response
Count

High spatial resolution

49.3%

36

High precision

50.7 %

37

Answer Options

Comment

6

Answered questions: 73
Skipped questions: 18
Comments:
 The high spatial resolution is needed to provide the details of the ice thickness
distribution which will vary on the sub-km scales. This is not achieved by satellite
radar altimetry, but only by satellite lidar (IceSat) or airborne lidar (IceBridge and
other instruments).
 High spatial resolution is preferred, but with reasonable precision of course
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 I can do the spatial averaging myself, thanks.
 Both are important
 High resolution with an indication as to reliability of the thickness measurement
retrieval, i.e. is the data from the satellite nadir or offset, surface type
(ice/water/not sure).
 Question 12 requires both as these are tied together.

Q13. Sea ice thickness: What is your requirement for temporal coverage ?
Answer Options

Winter

Spring

Summe
r

Fall

All year

Response
count

(Must

6

7

7

4

25

38

Data before 1993 (Nice to
have)

4

3

2

1

42

47

Data from ERS-1: 19931995 (Must have)
Data from ERS-1: 19931995 (Nice to have)

9

10

7

6

32

49

4

4

3

2

48

53

Data from ERS-2: 19962002 (Must have)

8

9

8

5

34

50

Data from ERS-2: 19962002 (Nice to have)
Data from ENVISAT: 20032012 (Must have)

4

4

3

2

49

54

8

8

10

4

41

59

Data from ENVISAT: 20032012 (Nice to have)

5

4

5

3

55

63

Near Real Time data (Must
have)

6

7

8

3

27

42

Near Real Time data (Nice
to have)

6

4

5

2

44

50

Data before
have)

1993

Comments

12

Answered questions: 71
Skipped questions: 20
Comments:


For multi-decade, global hindcasts



I am unsure of our requirements on ice thickness at this stage.



all sea ice data for the arctic is relevant



Using baseline data from ASPeCt ship observations in the Antarctic and ULS from
the Arctic (submarine and moorings). Near real-time data is needed for summer
only (arctic and antarctic(DJF)) to coincide with cruise data.



My interest is in the continental shelf sea ice cover and I need measurements of
ice cover evolution throughout the year



The goal is (1) to be able to reconstruct a decadal history of the ice thickness, for
all seasons.
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My concern is not seasonal, so year round is always the interest. Time span is
more of a variable. Near real time is most important, older data are progressively
less important.



I have only selected 'nice to have' as my main focus is concentrations at present.
However, I may look into thickness if 'all year' data became available for several
years (the longer the record the better). Near real time data would be very
desirable for climate monitoring.



Response conditioned by strong interest in first-year ice



1993 isn't very long ago, so longer timeseries are always better



I highlight spring as a time we must have near real-time data as this is important
for forecasting summer sea ice conditions, when most activity is happening.



The major change in Arctic thickness occurred 1960 - 1990, and then onwards
from 2000

A.6

Survey results: Further comments on ice concentration and
thickness

Q14. Further comments regarding quantitative requirements for sea ice concentration
sea ice thickness data.


As long as data are freely available, i'm happy. netcdf file format is super
cool and used by modellers a lot. i have to reprocess nsidc data in netcdf all
the time and it makes me lose a lot of time and sometimes involves errors in
the reprocessing



Validation of airborne lidar is particularly the pressing issue to quantify the
IceBridge Antarctic estimates of ice thickness. For my applications, the
satellite radar altimetry has limited utility. Radar altimetry is particularly
difficult for the Antarctic, since large areas have zero or negative ice
freeboard, and the radar measurements to convert to ice thickness require a
positive ice freeboard, since it is assumed the signal pentrates the snow cover
to the snow-ice interface. (This difficulty applies to CryoSat as well.)



sea ice drift is mentioned, and this would be a good thing to have. Drift
velocities should have errors comparable to the buoys, but be more extensive
in coverage. This should include both Arctic and Antarctic, and at least the
Great Lakes. Spatial resolution should be ca. 25-50 km, and temporal of not
longer than 3 days.



Melt ponding still appears to have a large affect on passive microwave
concentrations in the Arctic summer months. It would be good to have a
record where this effect was removed so that concentrations within the pack
were as close to the truth as possible.



It would be great if the grid points of these two data sets are overlapped.
That would be helpful to understand the dynamical behavior of sea ice.



NRT data essential with high reliability in delivery



For me, concentration data are far more important than thickness - and
thickness is a difficult quantity in the Antarctic. But there is a need for
thickness and volume data for monitoring trends in Antarctic sea ice.



All products must be provided with detailed error analysis. This is very
important for use of the data with models or analysis.



Concentration of ice types: Young, first-year ad multi-year in addition to total
ice concentration



Keep up the good work :-)
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Survey results: requirements for other sea ice parameters

Q15. Other sea ice parameter requirements and comments

Areas

Arctic

Sea ice parameter

Antarctic

Arctic +
Antarctic

Other

Response
count

5

3

15

2

25

6

4

16

1

27

13

4

12

1

30

12

5

24

1

42

8

3

19

1

31

3

1

11

1

16

7

2

18

1

28

6

2

13

1

22

Melt pond fraction (% area covered by
meltpond)
Ridge fraction (% area covered by
ridges)

10

2

11

1

24

10

2

10

1

23

Lead fraction (% area covered by
leads)

7

3

13

1

24

8

1

12

1

22

5

2

10

1

18

6

3

10

0

19

7

3

16

1

27

7

1

16

1

25

Sea ice freeboard
Sea ice volume
Sea ice age/ice-type
Sea ice drift
Snow thickness on sea ice
Snow water equivalent on sea ice
Albedo
Melt parameters (onset, duration, end)

Floe size
Surface roughness
Polynyas (localization, size)
Surface temperature
Sea ice salinity

page 55 of 62

ESA UNCLASSIFIED - For Official Use

User Requirements Document (URD)
Ref. SICCI-URD-01-12

Version 1.0 / 01 June 2012

Season
Sea ice parameter

All year
21

Sea ice freeboard

Freezing
season
0

Melt
season

Other

Response
count

0

1

22

26

0

0

1

27

24

1

3

1

29

36

1

1

1

39

27

0

0

1

28

12

0

2

1

15

19

0

4

1

24

13

0

7

2

22

Melt pond fraction (% area covered by
meltpond)

11

0

11

1

23

Ridge fraction (% area covered by
ridges)
Lead fraction (% area covered by
leads)

20

1

1

1

23

18

2

2

1

23

18

0

3

1

22

15

0

1

1

17

14

3

1

1

19

22

0

3

1

26

21

0

1

1

23

Sea ice volume
Sea ice age/ice-type
Sea ice drift
Snow thickness on sea ice
Snow water equivalent on sea ice
Albedo
Melt parameters (onset, duration, end)

Floe size
Surface roughness
Polynyas (localization, size)
Surface temperature
Sea ice salinity
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Frequency of observation
Sea ice parameter

Sub-daily

Daily

Weekly

Monthly

1

6

6

8

0

Response
count
21

1

7

8

10

0

26

0

10

8

8

1

27

7

22

6

2

0

37

1

14

8

5

0

28

1

6

5

4

0

16

0

13

8

3

0

24

Melt parameters (onset, duration,
end)

1

14

3

2

1

21

Melt pond fraction (% area covered
by meltpond)

1

15

6

2

0

24

Ridge fraction (% area covered by
ridges)

1

10

8

3

0

22

Lead fraction (% area covered by
leads)

5

9

6

2

0

22

0

11

7

3

0

21

2

6

6

2

0

16

3

10

6

1

0

20

5

15

5

3

0

28

1

8

10

6

0

25

Sea ice freeboard
Sea ice volume
Sea ice age/ice-type
Sea ice drift
Snow thickness on sea ice
Snow water equivalent on sea ice
Albedo

Floe size
Surface roughness
Polynyas (localization, size)
Surface temperature
Sea ice salinity

Yearly
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Spatial resolution
Sea ice parameter

>100
km

Sea ice freeboard

50100k
m

2050km

1020km

510km

1-5
km

<1
km

Respon
se
count

Sea ice drift
Snow thickness on sea ice

0
3
1
2
0

1
2
1
2
2

3
7
4
7
4

5
3
7
10
7

4
3
7
4
9

3
3
2
9
1

4
3
4
4
4

20
24
26
38
27

Snow water equivalent on
sea ice

0

2

1

4

4

3

1

15

1

2

2

9

5

3

1

23

3

0

1

6

3

4

3

20

0

1

2

11

6

2

1

23

0

1

2

8

3

3

4

21

1

0

2

9

3

4

3

22

0
1
1
2
0

2
0
0
1
2

0
2
2
2
4

7
4
6
7
9

4
4
4
10
5

3
2
5
3
2

5
3
1
1
2

21
16
19
26
24

Sea ice volume
Sea ice age/ice-type

Albedo
Melt
parameters
duration, end)

(onset,

Melt pond fraction (% area
covered by meltpond)
Ridge fraction (%
covered by ridges)
Lead fraction (%
covered by leads)

area
area

Floe size
Surface roughness
Polynyas (localization, size)
Surface temperature
Sea ice salinity

Answered questions: 54
Skipped questions: 37
Comments:
 All data is required globally for the whole year ideally the data is provided dailiy
but it is more important to have high spatial resolution.
 I suspect that most of these variables we would need on a daily basis - more
importantly during the SH summer period - when we are providing forecast
support for operations.
We are still yet to assimilate sea ice into our nested
model but this is our aim.
 Applications are currently focussed on obtaining the sea ice thickness distribution
from satellite and airborne lidar, particularly for the Antarctic.
 It has not been mentioned as it is not a sea ice element but of really high interest
is information on iceberg density, size distribution and drift patterns.
 Melt parameters are dates - hence I specify other
 Fram Strait ice export data would be very interesting to have in an "official" data
set. Presently data from Kwok seems to miss recent increase:
L. H. Smedsrud,
A. Sirevaag, K. Kloster, A. Sorteberg and S. Sandven, Recent wind driven high
sea ice area export in the Fram Strait contributes to Arctic sea ice decline. The
Cryosphere, Volume 5, pages 821-829, www.the-cryosphere.net/5/821/2011/
doi:10.5194/tc-5-821-2011
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Survey results: Expected outcome of the CCI sea ice project

Q16 What should be the most important outcome of the CCI sea ice project ?
Response
Percent

Response
Count

Timeseries of sea ice variables that are as stable as possible

49.3%

35

Timeseries of sea ice variables that are as accurate as possible

50.7 %

36

Answer Options

Comment

14

Answered questions: 71
Skipped questions: 20
Comments:


I have a slight preference for option a as along as quality is not sacrificed too
much. most important is information on the stability and accuracy



Climate relevant time series are more importnant



For climate studies consistency is most important otherwise trend analysis is
meaningless



There are really two requirements: - climatology, where the time series need to
be as stable as possible. - model ingestion, where the time series needs to be as
accurate as possible



With parameters like sea ice thickness, it is important to establish the highest
accuracy possible. Mathematical and statistical techniques can then be used to
provide the appropriate error bounds to integrate with older data sets of less
accuracy.



Both are required. It is perfectly acceptable for the long-term comparison data to
be less precise so long as valid long-term comparisons can be made.



I don't recommend ignoring long term stability, but the remote sensing still has
enough biases and variability caused by our imperfect knowledge of the problem
that I consider it more important to do our best job for analyzing the ice at any
given time, using the best instruments of that time.



Long term stability is my most important requirement



From a climate perspective, stability is critical, but accuracy comes a close
second.



The more homogeneous the data are, the better it is.



It is very important that error information (bias and precision as a time series) is
provided with the product.



I do not understand your definition of "stability"



Do not just replicate OSI-SAF, NIC, NOAA, Bremen. There really is no need for
another passive microwave ice concentration dataset.
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Q17 Are you interested in swath-based data sets in addition to gridded, time-averaged
data ?
Response
Percent

Response
Count

Yes

37.7 %

26

No

62.3 %

43

Answer Options

Comment

15

Answered questions: 69
Skipped questions: 22
Comments
 For certain purposes this could be very usefull for model development and process
understanding. High quality of data for the available swaths should be prioritized.
 .. possibly…
 I don't really know what is swath-based
 Yes, but not at the moment. In a few years I see this as being more important for
us.
 Swath-based data sets can be better used to compare with surface observations
that we and other groups obtain from cruises.
 My primary requirement at this time is high resolution data over the shelves for
comparison to in situ measurements. Due to averaging gridded data tends to
smooth out information pertinent to understanding momentum fluxes from the ice
to the ocean on shelves where processes are much smaller in scale than over the
basin.
 NRT swaths would be a useful complement to my current data stream.
 Looking at diurnal effects in Ross Sea - swath based data is a necessity to get
sub-daily values for sea ice concentration.
 Swath data is necessary in our daily assimilation.
 For assimilation of the data, access to the lower level swath data would be better.
The gridding/analysis/time averaging procedure can introduce spatial error
correlations in the data which are difficult to properly take into account in the data
assimilation.
 For model assimilation, swath data is needed. In analysis of ice dynamics, it is
important to know the exact time of data.
 Some small scale phenomena such as mechanisms related to high wave frequency
may be "averaged out" in gridded data, hence swath-based data are helpful.
 Swath data more accurate. They are needed for nested analysis.
 …. so it can be combined with other remote sensing data
 Less processing as possible, no time averaged data.
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Q18 The standard data formats for all CCI sea ice variables is NetCDF (Classic) following
the Climate and Forecast (CF) convention. Will this standard limit your use of the data?
Response
Percent

Response
Count

Yes

5.8 %

4

No

94.2 %

65

Answer Options

If yes, what format do you prefer ?

9

Answered questions: 69
Skipped questions: 22
Comments:
 I prefer binary data set suitable for a FORTRAN program.
 HDF
 It will be nice to have user friendly interface like Giovanni with data retrieval in
Ascii & KMZ
 Depends. For smaller data sets, ASCII still works very well. For larger data sets,
NetCDF is fine provided that there is a link to "apps" and tools for reading NetCDF.
Just like old Fortran README files, there is need for ample and clear
documentation to read the format.

Q19 The sea ice data sets will probably be provided in the same polar-centered
projections (Polar Stereographic, Azimuthal, Equal Area etc.) Do you need to have the
data in other projections/grids?
Response
Percent

Response
Count

Yes

12.3 %

9

No

87.7 %

64

Answer Options

If yes, what projections/grid do you prefer ?

9

Answered questions: 73
Skipped questions: 18
Comments
 data on a longitude-latitude grid would be best for most climate model
applications
 Although I use a regular lat long grid, data on an EASE grid would be my
preference as I would compare with sea ice chart data, which are available on an
EASE grid.
 UTM zone 3N
 Standard regular grid (ex: HadISST)
 LCC
 swath-based data sets
 Must be available in regular lat-long (Mercator) projection
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