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Air-Sea Interaction Processes



« Three mechanisms for mixing / turbulence that are not prevalent in low-latitude
environments.

« Compare the structure of circulation and mixing of the influx of cold skin SST
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MIZOPEX 2013



MIZOPEX 2013



MIZOPEX 2013



IR / Visible ScanEagle Payload

7 flights from 1-9 August, 2013; 10 hours of data

ATOM Camera (50 Hz)

Bobcat Camera (20 Hz)



MIZOPEX: Turbulence Mechanisms in Polar Systems

Measurements of Visible and Infrared Imagery from LDEQO Payload on Scan Eagle

* Mechanisms for mixing / turbulence thatare
prevalent in polar environments.
Shear at the ice-ocean boundary layer
Interaction of ice floes with surface currents and
waves
« Infrared imagery show cold wakes mixing

near-surface ocean in the lee of ice floes. LI CIE L LU QB

Infrared (Right): 0.54 km x 0.41km

Christopher J. Zappa, Lamont-Doherty Earth Observatory, Columbia University



Satellite View of MIZOPEX Transition

Measurements of Infrared Imagery from LDEO Payload on Scan Eagle

Christopher J. Zappa, Lamont-Doherty Earth Observatory, Columbia University



Moore Foundation: UAS Payload Development
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Sea/lce Surface Skin Temperature

OOOOOOOOOOOOOO

MOORE

FOUNDATION



Dropsonde / Microbuoy (DDmD) Payload

GORDON AND BETTY

Dropsonde - Atmospheric Temperature, RH, and Pressure profiles

e A ywal=ew Microbuoy - upper ocean (1-m) temperature and salinity with telemetry




Dropsonde / Microbuoy (DDmD) Payload
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Dropsonde / Microbuoy (DDmD) Payload
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BASE Payload VNIR Module

NIR Module



Current Directions — R/V Falkor



Current Directions — R/V Falkor

Cruise from R/V Falkor in the Northwest Australian
Continental Shelf

Payloads developed for Manta UAS will be integrated
onto Latitude Engineering HQ-60.

Airborne surveys of the Sea Surface Microlayer from
Latitude UAVs as well as in situ measurements of the
SSM chemistry and biology from catamaran, drifters, and
buoys.

Measurements: ocean surface gravity-capillary wave
spectra (O(1-0.001)m) using LIDAR and polarimetric
imaging; complete chemical and biological quantification
and characterization of the biogenic slicks from
autonomous catamarans; and quantification and
characterization of the near-surface ocean temperature,
salinity, TKE dissipation rate, and currents from a drifting
spar buoy and in the mixed-layer from autonomous sub-
surface profiling



Current Directions — UAS from Ships




Current Directions — UAS from Ships




Approximate

Rain Start Intense Rain

Start Time: 02:50:17 UTC



Start Time: 02:50:17 UTC

Station 7 10/20/16

Polarimeter

dl 3ILIN
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Solar/IR Radiation Data

Overview



BASE Payload VNIR Module

NIR Module



VNIR Payload — F11 —F12
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VNIR Payload — F11 —F12
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Solar/IR Radiation Data

Overview



Blue Copepods

VNIR Payload — F12



Current Directions — R/V Falkor




Current Directions — R/V Falkor

B _

(Top) True color image captured by the Landsat satellite on November 17, 2014, of the coast of Northwestern Australia, east of Point Samson. (Bottom

Left) 30 m resolution chlorophyll map obtained from the Landsat data. The high albedo from the dense surface slicks trigger the cloud mask (white).
(Bottom Right) MODIS Aqua map of chlorophyll for the same day.




Current Directions — R/V Falkor

Trichodesmium



Current Directions — R/V Falkor



Rrs = Lu/Ed

where

Rrs is remote sensing Reflectance in per steradian;
Lu is the upwelling Radiance in W/m2/Str

Ed is the downwelling Irradiance in W/m2.
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 Understand sea ice dynamics and how it is changing with
a warming climate

 Bridge scientific & indigenous knowledge to study changes

in sea ice that will lead to predictive models for:
* Sea ice loss
« Impact on ocean life
« Impact on land mammals




Improve understanding of the mechanisms,
impacts, and implications of sea ice retreat in

the Arctic for the global science community and

Community

local stakeholders

Develop partnerships between scientists and local
residents to increase the capacity of local

communities to address their research needs

Document the progress of the project as a
potential model for future community-based
collaborative science endeavors in the Arctic



Project Overview



Project Timeline



Work Plan

Year 1

* Develop ajoint research plan with the Kotzebue indigenous community to
incorporate their concerns into the scientific objectives

* Integrate instruments into drones with test flights
Years 2-3

e 3-4 week field campaign each year during sea ice melt to collect data
e Community data and knowledge sharing
* Video ethnography

Year 4
e Data analysis, sharing and dissemination
* Video documentary provided to community and distributed more broadly

8/18/17






Sensmg technologies
VIS-TIR* High-resolution broadband visible (400-700 nm) imager, uncooled microbolometer (8-14 um) imager
sensitive to 0.05°C for skin sea surface temperature (SST) mapping, whitecapping, and other upper ocean

processes.

Cooled infrared (7.7 — 9.5 um) imager sensitive to 0.02°C for skin SST mapping, whitecapping, and other
upper ocean processes.

HYP-VNIR* Hyperspectral visible (300-1000 nm) imaging spectrometer with better than 3 nm spectral resolution for
spectral radiance measurements of the upper-ocean to determine ocean color and biogeochemical
mapping. Upward-looking narrow FOV spectrometer provides measurements for estimates of spectral
albedo of varying surfaces including ocean

HYP-NIR* Hyperspectral near-infrared (900-1700 nm) imaging spectrometer with better than 3 nm spectral resolution
for spectral radiance measurements of the near-surface ocean to determine ocean color and

biogeochemical mapping.

Li-MET LiDAR for wave height and surface roughness; fast response 3D wind speed and direction (100 Hz), fast
response temperature (50 Hz), fast response relative humidity (100 Hz) for estimating momentum, latent
heat and sensible heat turbulent fluxes.

hUpward- and downward-looking pryanometer (broadband solar 285-3000 nm) and pyrgeometer

(broadband longwave; 4.5-40 um) to measure full hemispheric irradiance to understand the surface energy
budget and map albedo of varying surfaces including the ocean. High-resolution broadband visible

*also included upward- and downward-looking pyrometers (8-14 um) to measure narrow field-of-view (FOV) skin SST and

ice-surface temperature.

(400-700 nm) imaging is used to map whitecapping and other upper ocean processes.

Drone-Deployed Micro-Drifters with launcher for in-flight ejection of up to four micro-dropsonde packages.
The DDuD measures temperature, pressure, and relative humidity as it descends through the atmosphere.
Once it lands on the ocean’s surface, it deploys a string of sensors that measures temperature and salinity
of the upper 2-3 meters of the ocean at fifteen minute intervals for up to two weeks as a buoy. The ocean
sensors on the DDuD collect and store data and then transmit the data back to the UAS on subsequent
flights from up to 10 miles away.









Indigenous knowledge is “a systematic way of thinking applied to phenomena
across biological, physical, cultural and spiritual systems. It includes insights
based on evidence acquired through direct and long-term experiences and

extensive and multigenerational observations, lessons and skills. It has

developed over millennia and is still developing in a living process, including
knowledge acquired today and in the future, and it is passed on from generation
to generation” (ICC Alaska 2015).




Kotzebue Temperatures

UAS: Maximum Temperature 100.4F and Minimum Temperature -4F
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Bathymetry Region

Potential Mooring Site -




Mooring









