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Figure 11. (a) Nortek Acoustic Wave and Current (AWAC) and (b) Waverider moorings.
Waveriders may also be deployed in a drifting configuration.

Figure 12. Surface Wave Instrument Float with Tracking (SWIFT) drifter: (a) schematic, and (b)
deployed. SWIFTs measure wind speed, wave height [(c) Lake Washington, Seattle], wave
directional spectra, air temperature, sea surface temperature, surface currents, and dissipation by

turbulence.
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7.8. Remote Sensing

Several remote sensing efforts will contribute to MIZ science objectives:

1. TerraSAR-X images will be acquired as part of the Scottish Association of
Marine Science effort (Wilkinson, Maksym, and Hwang). Orders require a 4-day
lead time.

2. COSMO SKyMed SAR may be acquired. Orders require a 2-week lead time.
Rapidly repeated swaths are possible.

3. The Center for Southeastern Tropical Advanced Remote Sensing (CSTARS, Hans
Graber) will supply remote sensing products for the MIZ DRI, particularly SAR.

4. NASA IceBridge will coordinate missions to sample in conjunction with the 2014
field program. Focused airborne surveys will include measurements of sea ice
thickness, surface elevation, and snow cover. NASA IceBridge may also
coordinate with 2013 pilot activities.

5. Data will be available from over-flights by the SIZRS (Seasonal Ice Zone
Reconnaissance Surveys) project (J. Morison, APL-UW, and colleagues).

7.9. MIZMAS: Modeling Evolution of Ice Thickness and Floe Size Distributions
(Zhang, Schweiger, and Steele)

The MIZ is generally defined as a transition region from open water to pack ice with
changing concentration, thickness, and ice floe sizes and shapes. The state of sea ice in
the MIZ is currently modeled by an ice thickness distribution (ITD) that provides no
information on the geometry of the ice pack, i.e., no description of the floe size
distribution (FSD). This is not optimal, given that the FSD impacts ice strength and
roughness, ice melt and growth, air—sea fluxes, and surface wave propagation. The FSD
is in turn influenced by many of these processes.

At present, most ITD-based modeling of Arctic Ocean sea ice has focused on the
large-scale climate response to changing winds and thermodynamic forcing, with
relatively little attention paid to the special physics found in the MIZ. At the same time,
there is a body of literature on floe dynamics that is largely theoretical or applied only to
simple models. What is needed now is to combine the results of these two fields into a
full model of the arctic sea ice pack including the MIZ that includes both ITD and FSD,
validated with new MIZ observations. This will be especially exciting when applied to
the Chukchi and Beaufort MIZ (CBSMIZ), where rapid transformation has occurred in
recent years in response to arctic warming and changing atmospheric and oceanic
circulation.

Numerical investigations of the historical and contemporary changes in the sea ice
and upper ocean of the CBSMIZ will enhance understanding of MIZ processes and
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interactions, and strengthen predictive capability of future climate change, particularly
the changes in both the ITD and the FSD. Work will focus on the development,
implementation, and validation of a new coupled ice—ocean Marginal Ice Zone Modeling
and Assimilation System (MIZMAS) that will enhance the representation of the unique
MIZ processes by incorporating a FSD and corresponding model improvements.

MIZMAS development will be based on systematic model parameterization,
calibration, and validation, and data assimilation, taking advantage of the integrated
observational and modeling efforts of other MIZ program components. Scientific
objectives include:

e Examine the historical evolution of the CBSMIZ ice—ocean system and its [TD
and FSD from 1978 to the present to quantify and understand the large-scale
changes that have occurred in the system

e Identify key linkages and interactions among the atmosphere, sea ice, and ocean,
to enhance our understanding of mechanisms affecting the CBSMIZ dynamic and
thermodynamic processes

e Explore the predictability of the seasonal evolution of the MIZ and the summer
location of the ice edge in the CBS through seasonal ensemble forecast

e Explore the impacts of future anthropogenic global climate change (including a
summer arctic ice-free regime) on the CBSMIZ processes through downscaling
future projection simulations

7.10. Arctic Cap Nowcast/Forecast System (ACNFS) (Posey, Allard, Brozena, and
Gardner)

The NRL has developed a 1/12° Arctic Cap Nowcast/Forecast System (ACNFS). The
system is a coupled ice—ocean model and consists of the Los Alamos Community Ice
CodE (CICE) and the HYbrid Coordinate Ocean Model (HY COM) and uses the Navy
Coupled Ocean Data Assimilation (NCODA) system. The grid resolution for ACNFS is
approximately 3.5 km near the North Pole and 6.5 km near 40°N. ACNFS assimilates
satellite measurements (altimeter data, SST, and sea ice concentration) as well as in situ
SST and temperature and salinity profiles using a 3DV AR assimilation scheme. Currently,
ACNEFS assimilates DMSP ice concentration (25-km resolution) along the MIZ. ACNFS
produces a nowcast and 5-day forecast each day of ice concentration, ice thickness, ice
drift, ocean currents, salinity, and temperature fields.

NRL is now providing to the MIZ DRI a zoomed area of the Beaufort/Chukchi
region of daily ACNFS plots (analysis and out to a 5-day forecast) of ice thickness and
ice concentration (both with ice drift overlaid). Fields are available through the NRL
anonftp area. Along with CRREL, NRL is currently planning fieldwork off Barrow
(March 2013) to study ice surface roughness. In 2012 NRL started a new 5-year effort

35 TR 1201



UNIVERSITY OF WASHINGTON e APPLIED PHYSICS LABORATORY

called “Determining the Impact of Sea Ice Thickness on the Arctic Naturally Changing
Environment — DISTANCE.” This 6.1 effort will develop new algorithms from satellite
and aircraft measurements to determine arctic-wide satellite derived ice and snow
thickness. This program will also evaluate ocean processes that now have a larger role in
the prediction of the reduced volume ice—ocean system (e.g., wave dynamics). As part of
the DISTANCE project, NRL (along with CRREL) is also planning to participate in
ONR'’s 2014 fieldwork in the Beaufort area. Our focus will be to collect high-resolution
data with aircraft and in situ measurements to help validate satellite derived ice thickness
and snow depth data. These new datasets will be used to validate the ACNFS model
forecasts and for possible future model assimilation.

7.11. E-RASM: Eddy-resolving Regional Arctic Climate System Model
(Maslowski, Roberts, Cassano, and Hughes)

The overall science goal of this ONR Arctic and Global Prediction (AGP) project is to
address the short to long-term U.S. Navy / DOD and national requirements to understand
and predict arctic climate change. The main working hypothesis is that the oceanic heat
flux convergence in the upper Arctic Ocean is one of the main, yet overlooked and long-
term driving forces acting to reduce the sea ice cover. Realistic model representation of
mesoscale ocean dynamics and air—sea feedback processes under diminishing sea ice
cover are critical to test this hypothesis.

This projects builds on successful research by the PIs, which has resulted in the
development of a fully coupled Regional Arctic Climate Model (RACM) consisting of
atmosphere (Weather Research and Forecasting — WRF), land-hydrology (Variable
Infiltration Capacity —VIC), ocean (Parallel Ocean Program — POP) and sea ice (CICE)
model components. An expanded RACM, a Regional Arctic Climate System Model
(RASM), is now being developed to include ice sheets (Community Ice Sheet Model —
CSIM), glaciers and ice caps (GIC), and dynamic vegetation to allow investigation of
coupled physical processes responsible for decadal-scale climate change and variability
in the Arctic. In addition, a pending complementary project will include a marine
biogeochemical (mBGC) model in RASM to investigate the marine carbon cycle
response to changing climate and to predict future changes and responses.

A fully coupled eddy-resolving regional Arctic climate system model (E-RASM)
with an improved ocean—ice—atmosphere boundary layer through data assimilation will
be used to address Earth System Model limitations, synthesize the historically available
and new expected remotely sensed and in situ data to advance understanding
and prediction of arctic sea ice and climate change at hourly to decadal time scales.

All model components will be configured at sufficient resolution and include improved
physics to realistically represent sea ice kinematics, oceanic mesoscale eddies and
currents, and atmosphere—ice—ocean interactions. The assimilation strategy we are
adopting for E-RASM differs substantially from conventional ice—ocean prediction
systems. Rather than focusing on assimilating sea ice velocity, concentration, and oceanic
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variables, we are focusing on assimilating the RASM atmosphere, and ‘satellite-
equivalent’ variables in RASM’s sea ice model.

Three main science objectives are to:

Advance understanding and model representation of critical physical processes
and feedbacks of importance to sea ice thickness and area distribution using a
combination of forward modeling and state estimation techniques

Investigate the relation between the upper ocean heat content and sea ice volume
change and its potential feedback in amplifying ice melt

Upgrade the current version of RASM with data assimilation in WRF/CICE to
estimate a physically consistent state of arctic climate for operational and tactical
prediction of arctic climate using a single model

7. DATA DISSEMINATION

The MIZ program will employ a lightweight data distribution structure consisting of a
password-protected, central repository for storing and distributing project data and model
output, along with associated documentation. To promote broad use of the data, and to
encourage active collaboration, open access, governed by the MIZ program data policy
(section 8), will be provided to all MIZ investigators.

To facilitate use in numerical efforts, to inform ongoing MIZ program activities,

and to assist collaborating programs, data will be posted as rapidly as possible. Specific
data and product needs for MIZ numerical efforts include:

Atmosphere

Validation of atmospheric forcing used in ice ocean models, air drag as a function
of ice floe size, experimental/statistical relationship between air drag and floe size

Prediction of SAT, winds, shortwave down, long-wave down, surface heat flux,
clouds/moisture/acrosol

Sea ice

Thickness distribution, concentration/extent, drift/deformation,
temperature/salinity profiles, regional ice floe size distribution, ridges/ridging,
stress, melt ponds/albedo/radiative fluxes, ice—wave interaction

Ocean

SST/SSS, mixed layer depth, seasonal pycnocline, upper halocline depth, waves,
upper ocean (0—150 m), 3D currents at different seasons, ice ocean momentum
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and heat fluxes, heat entrainment into the mixed layer, mixing/diffusion
(turbulence, double diffusion), upper ocean heat/freshwater content

Each observational component will plan for a hierarchy of data release that should
include:

1. Quick-release products that incorporate minimal quality control and processing in
order to allow for rapid release.

2. Delayed-mode products, delivered in time for use in the analysis phase, that
incorporate full quality control, processing, and correction. These products will be
versioned to accommodate updates as additional issues are identified and
corrected.

Delayed-mode data should be accompanied by full documentation describing
platform, instrument, sensors (including precision and accuracy), quality control,
calibration, and correction procedures.

A Data Coordination Working Group will be formed from the MIZ PIs. This team
will be responsible for working with the various program components to establish
mutually agreed upon data formats and to coordinate delivery, distribution, and archiving
of observational data and model output.

8. DATA POLICY

The following data policy derives from experience in multiple ONR DRIs. Successful
ONR DRIs share a distinguishing characteristic: tightly integrated experimental and
numerical efforts followed by highly collaborative analysis efforts. This is essentially the
difference between a single, large, coordinated experiment and a large collection of
independent projects working in parallel. The single, large, coordinated experiment
requires open data sharing to function. Moreover, rapid, open data release is becoming
standard for large programs. The MIZ data policy recognizes this and attempts to strike a
balance with rapid, full release within the MIZ team followed by public release at the
conclusion of the program.

The ONR MIZ program consists of all investigators participating in the integrated
efforts associated with the MIZ DRI. This includes the core team of ONR-supported
investigators funded directly by the MIZ DRI and investigators funded though other
mechanisms, but coordinated as part of the MIZ program. MIZ DRI data will include
observations from field programs, remote sensing data, and model results, all of which
will be treated equally for the purposes of the program data policy. All data are collected
for basic research, and will be unclassified. As the MIZ DRI also represents an ONR
contribution to the U.S. interagency Study of Environmental Arctic Change (SEARCH)
and the U.S. interagency Arctic Observing Network (AON), data will also be released to
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the official data management facility of the US AON for archiving, dissemination, and
curation.

Given the complex nature of the science questions and challenges associated with
collecting the necessary observations, the success of the MIZ program depends on open,
effective data sharing and collaboration. To facilitate sharing of data and collaboration
between MIZ scientists, the MIZ DRI will establish a program data archive. To further
promote and support sharing and collaboration, the MIZ DRI specifies the following
policies to govern the use of data collected under the program.

8.1. Data Use

It is not ethical to publish data without proper attribution or co-authorship. The data are
the intellectual property of the collecting investigator(s).

The intellectual investment and time committed to the collection of a data set
entitles the investigator to the fundamental benefits of the data set. Publication of
descriptive or interpretive results derived immediately and directly from the data is the
privilege and responsibility of the investigators who collect the data.

There are two possible actions for any person making substantial use of MIZ data
sets, both of which require discussion with and permission from the data collector:

1. Expectation of co-authorship
This is the usual condition. Scientists making use of the data should anticipate that
the data collectors would be active participators and require co-authorship of
published results.

2. Citation and acknowledgment
In cases where the data collector acknowledges the importance of the application
but expects to make no time investment or intellectual contribution to the
published work, the data collector may agree to provide the data to another
scientist providing data reports are properly cited and the contribution is
recognized in the text and acknowledgments.

Authors must share and discuss manuscripts with all MIZ investigators who
contributed data prior to submission anywhere.

Agreements about publication, authorship, or citation should be documented at a
minimum by email between the investigators.

8.2. Roles and Responsibilities

Principal Investigators who are responsible for the collection of observational data or
generation of model data during the MIZ DRI are considered participating MIZ DRI
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scientists and may request data from and provide data to other participating scientists.

Participating scientists have primary responsibility for quality control of their own
data and making it available to the rest of the MIZ participating scientists on a timely
basis.

Data should be released as soon as possible, through the MIZ data archive, along
with documentation that can be used by other researchers to judge data quality and
potential usefulness.

The data contained in the archive are made available even though they may not be
“final” (i.e., error free) data so it is the responsibility of the user to verify the status of the
data and to be aware of its potential limitations.

Participating scientists who wish to use others’ data sets are responsible for
notifying those Principal Investigators of their intent and inviting collaboration and/or co-
authorship of published results.

Participating scientists must consider the interests of graduate students and
postdocs before publishing data. Plans for graduate student and postdoc projects must be
discussed openly and effort made by all MIZ DRI investigators to facilitate and protect
these efforts.

For the duration of the MIZ DRI (2012-2016), program data will be restricted to
MIZ DRI investigators. Dissemination beyond program investigators will require the
agreement of MIZ DRI investigators and the cognizant ONR program managers. After
this time, MIZ DRI participating investigators are required to submit their data to the
official data management facility of the U.S. AON for public dissemination and long-
term curation.

The MIZ DRI prohibits third party data dissemination; participants are not
allowed to redistribute data taken by other MIZ investigators.

All potential users who access the data will be reminded of the MIZ DRI
commitment to the principle that data are the intellectual property of the collecting
scientists.

Program sponsors of participating scientists may arbitrate and reach agreement on
data sharing questions when they arise.
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