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The Forum for Arctic Ocean Modeling and Observational Synthesis (FAMOS)
is an international effort to focus on enhancing collaboration and
coordination among arctic marine and sea ice modelers, theoreticians and
observationalists based on a set of activities starting from generating
hypotheses, to planning research including both observations and
modeling, and to finalizing analyses synthesizing major results from the
field studies and coordinated numerical experiments.
FAMOS project is motivated by and a logical continuation of more than 10years of AOMIP (Arctic Ocean Model Intercomparison Project,
www.whoi.edu/projects/AOMIP) work demonstrating that the arctic
marine science community needs an informal forum to discuss, coordinate,
plan and synthesize scientific activities

FAMOS objectives
The FAMOS project’ objectives are:
Reduce uncertainties in model predictions (model validation &
improvements via coordinated experiments and studies; reanalysis
methods and products for correct initial and boundary conditions;
design and implementation of the oceanic and sea ice remote and in
situ observing systems);
Support synthesis across the suite of Arctic models and observatories
and/or observational projects and systems;
Conduct collaboration with other similar projects focused on other
aspects of arctic/global climate (atmospheric, terrestrial, etc) with a
special focus on model and data improvements and analysis;
Disseminate findings of FAMOS effort to broader communities and
involve the larger community in discussions, coordinated modeling and
observational field experiments;

Participants are from: USA, Canada, UK, France,
Germany, Norway, Sweden, China, Korea, Japan,
Russia, Australia, New Zealand, Italy, Finland,
Poland, Denmark

Number of AOMIP/FAMOS meeting participants (blue); number of publications per year (red);
number of school students (green); and Impact Factor (IF) calculated as the ratio of number of
citations for papers published in given year to number of papers in that year (yellow). IF is
calculated only for papers published in JGR, GRL, and EOS, and it is not calculated after 2013
due to insufficient citation information.

4th FAMOS meeting: 3-6 November 2015, Cape Cod
http://web.whoi.edu/projects/famos
1-day School: November 3rd: 42 students participated

Lectures:
Humfrey Melling: Canadian Arctic Archipelago Strait
Bob Pickart: Chukchi Sea
Igor Polyakov: Laptev Sea
Lars Smedsrud: Barents Sea
Phyllis Stabeno: Bering Sea

Outreach presentations:
Bruno Tremblay: Outreach lecture on modeling
Mary-Louise Timmermans: Outreach demo on Taylor columns
Mathilda Jutras: Outreach demo on snow ice formation

4th FAMOS meeting : November 4-6
(121 participants and 42 students/posdocs among them)
Major meeting goals were to report about 3 years of FAMOS
work and accomplishments and major results and formulation
of scientific questions and directions for continuation of
FAMOS activities in 2017-2019.
Agenda:
• November 4th : Sea ice studies and 1 minute 1 slide poster
presentations
• November 5th : Ocean and ecosystem studies and discussions
• November 6th : Future FAMOS themes and directions of research
with foci on sea ice predictability, ecosystem, sub-sea permafrost,
Greenland ice melt freshwater and climate, ocean halocline and
eddies studies.

Meeting organization:
The meeting had 6 sessions with oral presentations and 2 poster sessions
Themes:

- Sea ice observations, predictions and modeling
- Small scale processes (eddies, internal waves, mixing)
- Large scale processes (general circulation, regional and processes studies)
- Bio-geo-ecosystem modeling and observing
- Data for modeling and
- Planning of future FAMOS research
Sessions had 7 keynote presentations (30 minutes each) where major directions of
modeling and observations with high resolution were identified for discussions and
30 (15 minutes) talks detailing major themes of the meeting, and more than 80
posters.
4 panels (1 hour each) were organized where panelists answered questions
preliminary formulated for each session and questions from meeting participants.
Finally, on Friday we had group discussions and one more plenary reports and 1
discussion session.

Meeting reports/materials:

www.whoi.edu/projects/famos/ - go to Meeting #4.
SESSION 1: Sea ice highlights session
Dmitry Dukhovskoy: 2015 sea ice conditions and results of 2015 sea ice
outlook
Video:
http://mex1.whoi.edu:8080/http/WHOI_CMS/Events/15A0949/Day2/FA
MDay2_2.mp4
Presentation
Richard Allard : A Study of the Impact of Snow Cover on the Navy’s
Arctic Cap Nowcast/Forecast System
Video:
http://mex1.whoi.edu:8080/http/WHOI_CMS/Events/15A0949/Day2/FA
MDay2_3.mp4
Presentation

Based on coordinated studies FAMOS has completed 40 publications for
JGR-Ocean special section:

“Forum for Arctic Modeling and Observing Synthesis (FAMOS):
results and synthesis of coordinated experiments”

Schematic showing presentations at 2015 meeting
and publications in JGR by geographic focus.

1 Greenland melt water pathways: Dukhovskoy et al.
2 Pacific water pathways: Aksenov et al.
3 Atlantic water flow temperature: Chafic et al.
4 Changes due to runoff increase: Nummelin et al.
5 Satellite SST and SSS validation: Stroh et al.
6 Tides and mixing: Luneva et al.
7 Ice melt and optics properties: Granskog et al.
8 Seasonal heat and salt changes: Ding et al.
9 Beaufort Gyre dynamics: Yang et al.
10 Freshwater perturbations: Pemberton et al.
11 Eddies dynamics: Zhao&Timmermans
12 Double-diffusion in an eddy:
Babieva&Timmermans
13 Winter water formation: Jackson et al.
14 Kara Sea water transport: Janout et al.
15 Fram Strait transports: Marnela et al.
16 Seasonal evolution of melt-pons: Webster et al.
17 Sensitivity surface layer conditions: Roy et al.
18 Subgrid scale snow thickness: Abraham et al.
19 Ice roughness and stresses: Martin et al.
20 Seasonality and trend of stresses: Martin et al.
21 Dynamics of ice rigid ice floes: Rabatel et al.
22 Thermal stress ice model: Hata&Trembley
23 Thermal ice stress: Hata&Trembley
24 Loitering of retreating ice edge: Steele&Ermold
25 Short-term ice drift forecasts: Schwaiger&Zhang
26 Concentration and drift forecasts: Hebert et al.
27 Timing of onset of ice decline: Close et al.
28 Beaufort Gyre ice drift: Petty et al.
29 Laptev Sea fast ice: Selyuzhenok et al.
30 Kara Sea fast ice model: Olason
31 Ice model skill metrics: Dukhovskoy et al.
32 Future change of productivity: Yool et al.
33 Phytoplankton in ice free Arctic: Lawrence et al.
34 Ecosystem modeling: Jin et al.
35 Chlorophyl-a modeling Steiner et al.
36 Phytoplankton from satellites: Lee et al.
37 Inverse modeling: Panteleev et al.
38. Arctic Ocean stability: Rudels
39. Beaufort Gyre ice: Howel et al.

Sea ice
One of the most important scientific priorities in studies of Arctic change is
associated with understanding and predicting the reduction of sea ice extent and
thickness, and the acceleration of sea ice drift.
Sea ice melt-ponds, and snow conditions
Melt ponds and snow conditions on sea ice are key elements of Arctic models for their
influence on surface radiative fluxes, sea ice growth and decay, and specifying albedo
parameters: Webster et al. [2015], Abraham et al. [2015]
Pack ice dynamics
“Wind blows – ice goes” – this traditional rule of thumb is now more appropriate than
ever to describe the sea-ice response to wind driving. As sea ice thickness and
concentration continue to decline, so too do internal ice stresses: Martin et al., 2014,
2016; Roy et al., 2015; Rabatel et al., 2015
Fast ice formation and break-up
Fast ice forms along the coast, and remains attached to the coast. It can occupy up to
40% of the area of some Arctic marginal seas, protecting the ocean from wind stress,
and damping tidal motion and winter storm surges. Fast ice influences the distribution
of river runoff, and is associated with increased mixing associated with wind-driven
events at its boundary: Selyuzhenok et al. 2015; Olason 2016; Hata and Tremblay,
2015a,b.

Sea ice
Predictability of sea ice conditions
Steele and Ermold [2015] identified areas where the
retreat of seasonal sea ice is anomalously slow.
The accuracy of sea ice drift prediction on sub-daily to 9day timescales was analyzed by Schweiger and Zhang
[2015] based on 2014 summer operational forecasts
employing the Marginal Ice Zone Modeling and
Assimilation System.
Hebert et al. [2015] assessed the accuracy of sea ice
concentration/drift forecasts (up to 7 days in advance)
using the U.S. Navy operational Arctic sea ice forecasting
system (ACNFS) for the period February 2014 to June
2015.
Dukhovskoy et al. [2015] studied and recommended
best methods to objectively evaluate the accuracy of
model predictions. Some them can be used for validation
of simulated fields wherever both shape and distribution
are of importance.

Ocean freshwater and heat dynamics
Investigations of freshwater and heat content in the Arctic
Ocean are important elements of AOMIP and FAMOS
studies. Coordinated numerical and observational
experiments (“Beaufort Gyre Climate System Exploration
Studies”) have been conducted since the start of AOMIP in
1999.
Ding et al. [2016] analyzed 14 CMIP5 coupled simulations
to examine mechanisms regulating seasonal variability of
ocean freshwater and heat.
The role of freshwater on the central Arctic Ocean stratification was by Nummelin et
al., 2015; Pemberton and Nilsson, 2016. Both studies assume that increased
atmospheric freshwater flux to the Arctic Ocean, due to intensification of the global
hydrological cycle, will result in higher river runoff and precipitation at polar
latitudes.
Stroh et al. [2015] validated satellite SST data sea surface salinities (from different
hydrographic products) against Ice-Tethered Profiling data, and CTD/XCTD in-situ
observations from 2006 to 2013. The results of this study are important not only for
assessing model uncertainties, but also for statistically robust analyses of seasonal and
interannual Arctic change.

Ocean circulation

There are many open questions on the fundamental circulation, dynamics and watermass exchanges in the Arctic Ocean. For example, the exact pathways of Pacific
waters are not well constrained by observations. The circulation and modification of
Atlantic waters around the Arctic basin are also poorly known and understood.
Fundamental ocean circulation and dynamics are explored in an idealized Beaufort
Gyre (BG) dynamics study by Yang et al. [2015].
Pacific water pathways in the Beaufort Gyre and beyond are investigated numerically
by Aksenov et al. [2016] based on tracers released in the Bering Strait region.
Dukhovskoy et al. [2015] used a similar tracer approach to investigate pathways of
Greenland melt water in the sub-arctic regions of the North Atlantic.
Chafik et al. [2015] used satellite altimetry, hydrography and atmospheric data to
jointly calculate and analyze variability of the Atlantic water flow through the Nordic
Seas at monthly to interannual time scales.
Janout et al. [2015] conducted numerical experiments using the 3-km resolution
NEMO model to investigate water exchange between the Kara and Laptev Seas via
Vilkitsky Strait.
Panteleev et al. [2016] presented a comprehensive study in this issue of the Bering
Sea circulation

Mixing and eddies
Process studies related to ocean mixing and stirring, regional water-mass transport
and modification, and mesoscale eddy generation continue to be an important theme
of FAMOS.
Luneva et al. [2015] employed an ice-ocean model to assess the effects of tidal
mixing. It is shown that tides result in enhanced mixing leading to higher ocean-to-ice
heat fluxes, as well as reduced halocline stratifications.
Bebieva and Timmermans [2016] analyze observations of an Atlantic Water eddy to
conclude that the combination of both double-diffusive and turbulent fluxes can lead
to rapid mixing of Atlantic Water heat, including downwards (in addition to upwards)
heat fluxes.
Zhao and Timmermans [2015] describe
eddies, originating by baroclinic instability at
a water-mass front in the Canadian Basin,
that flux Eurasian Basin water into the
Canadian Basin. In particular they describe
the process of eddy formation and formulate
an analytical model to explain the observed
vertical scales of the eddies.
Potential temperature (°C) along the ITP drift track

showing eddy influenced deformations in temperature
field

Biogeochemistry and ecosystems
Yool et al. [2015] investigated changes in Arctic Ocean and North Atlantic
productivity in the 21st century forced by climate warming.
Lawrence et al. [2015] examined the impact of sea ice retreat on phytoplankton
production and showed good agreement with the conclusions of Yool et al. [2015]:
patterns of phytoplankton production in the future reflect the distribution of nitrate
and the availability of light.
Lee et al. [2015] assessed the skill and sensitivity of 32 net primary production (NPP)
models for the Arctic Ocean based with inputs from in situ, reanalysis, and satellite
data.
Steiner et al. [2015] analyzed results from six Earth system and three ocean-iceecosystem models to understand changes in the subsurface chlorophyll maximum
(SCM). They found that simulated differences in SCM changes in the Canada Basin are
due mainly to model inconsistencies in nutrient availability and differences in the
represented ecosystem community structure among the models.
Jin et al. [2015] examined trends in under-ice and total primary production associated
with changes in sea ice extent over the satellite era.

Future plans: FAMOS-2
The overall goal of FAMOS remains the same: to enhance
understanding of processes and mechanisms driving Arctic oceanic
and sea ice change.
The major new focus of the second phase of FAMOS (FAMOS-2) is a
consideration of models and observations at high and very high
spatial and temporal resolution to investigate the role of sub-grid
scale processes in regional and pan-Arctic models.
Specific research themes for FAMOS-2, identified by participants of
the 4th FAMOS meeting in 2015, include: eddies, ocean freshwater
and heat dynamics, sea ice processes, Atlantic water
transformations, ecosystem and biogeochemical processes, and
internal waves. The details of the coordinated studies, outlined
briefly below, will be posted soon at the new FAMOS website.

Eddies:
Motivated in part by studies in this issue which point to the key role
of mesoscale eddies in Beaufort Gyre dynamics, as well as major
inter-model differences depending on their eddy-resolving
capabilities, a thrust of FAMOS-2 will be on model simulations
resolving eddies. This theme will incorporate continued analyses of
high-resolution observations to understand eddy impacts on
freshwater and heat transport, and in regulating the large-scale flow.

Freshwater dynamics:
Studies related to Beaufort Gyre freshwater
accumulation and release will continue to
examine the role of small-scales processes.
Recent studies have associated accelerated
Greenland melt with increasing freshwater
fluxes to the surrounding seas over the last
decade. It is hypothesized that these
freshwater fluxes can reduce deep
convection in the Labrador, Nordic, and
Irminger seas. This hypothesis motivates the
questions: What are the pathways of
Greenland freshwater in the sub-Arctic seas,
and what are the mechanisms of freshwater
transport to the convection regions? To
address these questions in FAMOS-2, highresolution numerical experiments will be
performed, and analyzed in context with
observations.

Sea ice processes:
The goal of coordinated sea-ice investigations is to marry emerging
results from the observational community with theoretical
developments in sea ice physics. This will allow FAMOS-2 teams to
establish a strategy for advancing high resolution (order 10 km in
the horizontal) sea ice simulation toward very high resolution
(order 1 km) numerical modeling of sea ice.
This work will focus on ways to achieve this so that the strategy
accommodates fundamental spatiotemporal scales not just in sea
ice itself, but also in coupling sea ice models to eddy-resolving
ocean models and mesoscale atmospheric models. Through close
interaction with FAMOS biogeochemistry high resolution modeling
teams, it is anticipated that this research will improve
understanding of biogeochemical and ecosystem feedbacks with sea
ice.

Atlantic water transformations:
Investigation of Atlantic water (AW) transformation along its pathways will
focus on high-resolution modeling. High and very high resolution modeling
and process studies are needed to correctly resolve multifaceted tidal
interactions and mixing processes, wind driven upwellings and downwellings,
internal waves and eddies.

Biogeochemical and ecosystem modeling:
Numerical modeling of biogeochemical and ecosystem process with high and
very high resolution may contribute understanding on the organization,
functioning and vulnerabilities of the Arctic marine ecosystems.
Major breakthroughs will require both innovative modeling and observational
techniques (e.g., in situ imaging of plankton and particles). These and many
other technical, observational and modeling limitations will be analyzed in
the next phase of FAMOS.

Internal waves:
Mixing processes associated
with internal waves (IW)
impact ocean heat transport,
sea-ice formation and
biological systems,
propagation of acoustic
signals and under-water
navigation. Yet, the locations
of enhanced IW activity and
mixing in the Arctic Ocean
remain unclear.
The goal of this FAMOS activity is to identify the major locations (hotspots)
and characteristics of internal solitary waves in the Arctic Ocean based on
satellite altimetry and very high resolution (up to 15 meters in the
horizontal) numerical modeling. The recent reduction of summertime sea
ice extent in the Arctic marginal seas allows for remote sensing analysis of
internal solitary waves.

FAMOS for the Year of Polar Prediction
Each of the themes outlined above coordinates with the
activities of the World Meteorological Organization's (WMO)
project “Year of Polar Prediction” (YOPP), which will have a core
phase in 2017 to 2019. A goal of FAMOS-2 will be to identify the
best Arctic coupled ice-ocean models for YOPP activities, and
coordinate with YOPP.
One significant contribution of YOPP to FAMOS coordinated
experiments will be accurate and high spatio-temporal
resolution atmospheric forcing to drive coupled ice-ocean
models.

5th FAMOS meeting: 1-4 November 2016
Woods Hole Oceanographic Institution

http://web.whoi.edu/projects/famos
or new website coming in June:

famosarctic.com

Keynote presentations for all themes outlined
above plus a lot of discussions how to organize
coordinated observing and modeling with high
and very high spatiotemporal resolution.

