Greenland fjord circulation: what do we expect?
(i.e., theoretically and from modeling)
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Greenland fjord circulation: and why do we care...

Fjord Circulation: > Linked to 3 triggering
Mechanisms: mechanisms
 Estuarine circulation discussed in BAMS
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Quick review on estuarine physics

The observed along-channel
flow is mostly “two layered” in
tidally-averaged sense

Surface flows out, deep flows
1g

Due to river input and mixing

RIVER (a) River starts to fill the estuary with fresh water
fresh
salty
(b) Tidal mixing causes vertical homogenization,
RIVER but because there is more fresh water near the head,

an along-channel salinity gradient develops

(c) The along-channel salinity gradient wants to
flatten out, and in the process exports surface water
which is relatively fresh,and imports ocean water
near the bottom. This is called the "exchange flow,"
or "gravitational circulation”

RIVER

NOTE:In a real estuary step (a) doesn't happen. Instead
the estuary tends to oscillate between states (b) and (c),

particularly over the Spring/Neap cycle.
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Quick review on estuarine physics
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Quick review on estuarine physics

1
O=——p +K,u_

Po

Momentum balance

UL MLLUUOL LHINIL 12 TRV TR DT VVULGT IS LIS ey,

an along-channel salinity gradient develops

RIVER

(c) The along-channel salinity gradient wants to
flatten out, and in the process exports surface water
which is relatively fresh, and imports ocean water
near the bottom. This is called the "exchange flow,"
RIVER or "gravitational circulation”

NOTE:In a real estuary step (a) doesn't happen. Instead
the estuary tends to oscillate between states (b) and (c),
particularly over the Spring/Neap cycle.

pressure gradient p,:

| _
——p,.=—8n, +8BS z

0

a Estuary velocity cross-section

b Salinity cross-section

River Ocean

Ne/ir/

MocCreody and Geyer, 2010



Fjords as estuaries:
- by definition highly stratified
- deep, bottom drag less important
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Elevation (m)

Tidewater glacier fjords as estuaries:
- runoff at depth
- stratification important, inherited from shelf
- presence of sill matters
- various mixing processes and zones
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Fjord Circulation: processes
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2) Intermediate circulation — driven by changes in coastal
density field (Stigebrandt, 1990; Klinck et al., 1981, Straneo et al. 2010)



2) Infermediate circulation — driven by changes in coastal
density field (stigebrandt, 1990; Klinck et al., 1981, Straneo et al. 2010)
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1) Es’rucrine.circulq’rion | } Which dominates?
?2) Intermediate circulation

Qi (10* m®s™), ci = 0.25 (AM = 65 with Hs = 900)
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ldeally, we would make Qe vs. Qi
parameter space for Greenland fjords

Qi=B| H,B,A,gAM | p, ]”2 Qe=gPs,H’ /(48K,,)

(or at least from Knudsen)
...0r some other measure of
estuarine strength (phi)

Fjord Circulation: modeling
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Fjord Circulation: modeling

* Mostly 2-D to date, focusing on buoyancy driven
flow due to Qsg (estuarine circulation)

 Parameterized heat flux to glacier face based on 1-
D plume models

« Horizontal and vertical scales not really resolving
plume yet—means relying on mixing
parameterizations



Fjord Circulation: modeling results in recent literature

» Salcedo-Castro et al. (2011): plume dependence
on Qsg outflow velocity (Froude #) and shape

« Gladish et al.: Investigating renewal of Jakobshavn
Isbrae on timescales < 1 year, including wind and
buoyancy driven flow

« Carroll et al.: Including realistic bathymetry in a 3D
model with winds and Qsg

« Sciascia et al. (2013): 2-D model of Sermilik Fjord
looking at dependence on mixing
parameterizations, seasonality, Qsg, strafification

- showed evidence for mulficell estuarine flow

13



Depth [m]

« Sciascia et al. (2013): 2-D model of Sermilik Fjord
looking at dependence on mixing
parameterizations, seasonality, Qsg, strafification

- showed evidence for mulficell estuarine flow
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Fjord Circulation: challenges

Modeling:
-- Sensitivity studies of all different mechanisms
-- Careful attention to mixing processes

-- Caution with calculating melt rates on glacier
face

Observations:
- need new observations to add to classic
MOoorings and Ny Glitfiisus 3
(and to validate

Bathymeiry (an oceao
lceBridge-like campai
open data)
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This summer: more of the same...

but with a natural experiment
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In progress and in development (at least theoretically...)

Autonomous vehicles:
« Gliders in fjord and under ice
« Small remotely operated vehicles
« NEED: measurements under ice mélange
near glacier face, and seasonal measurements

Kahn et al., 2010; Joughin et al., 2010



OSU Autonomous Research Vessel

cruises at 8 knots = 20 km endurance / 5 km range
300 kHz ADCP + CTD profiling

video and data telemetry

missions to the ice edge

Jonathan Nash / Oregon State University




Autonomous vehicles:
« Gliders in fjord and under ice
« Small remotely operated vehicles
« NEED: measurements under ice mélange
near glacier face, and seasonal measurements

Marine mammals:

« Hooded seals, narwhals, otherse
. | Jnderice mélange
sasonal measurements in
can help with bathymeiry
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Autonomous vehicles:
« Gliders in fjord and under ice

« Small remotely operated vehicles
« NEED: measurements under ice mélange
near glacier face, and seasonal measurements

Marine mammals:
« Hooded sedadls, narwhals, others?¢
« NEED: measurements under ice mélange

near glacier face, and seasonal measurements in
fjord and on shelf> also can help with bathymetry

Remote sensing:
« Surface circulation
« Upwelling plume
« |ceberg motion

« Unknown: what role do icebergs playe Can they
effectively be used to track fjord motione
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Conclusions

« Fjord circulation variable on time scales from hours
to days to seasons to inferannual — question
dependent on what we want to resolve and fjord
dependent on what mechanism dominates

« Progress in modeling has been fast, need 1o think
about parameterizing glacial fjords as estuaries in
climate models (heed to know amplification of

QsQ)

« Canlearn alot from classic fjord literature—but
need new observations 1o overcome unigue
features of tidewater glacier fjords



