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Statement of Need

Simulations of ocean currents using numerical circulation models are becoming
increasingly realistic. At the same time, these models generate increasingly
large volumes of model output data. These trends make analysis of the model
data harder for two reasons. First, researchers must use high-performance
data-analysis clusters to access these large data sets. Second, they must post-
process the data to extract oceanographically-useful information. Moreover,
the increasing model realism encourages researchers to compare simulations to
observations of the natural ocean. To achieve this task model data must be
analyzed in the way observational oceanographers analyze field measurements;
and, ideally, by the observational oceanographers themselves. The OceanSpy
package addresses these needs.

Summary

OceanSpy is an open-source and user-friendly Python package that enables
scientists and interested amateurs to analyze and visualize oceanographic data
sets. OceanSpy builds on software packages developed by the Pangeo community,
in particular Xarray (Hoyer and Hamman 2017), Dask (Dask Development
Team 2016), and Xgem (“Xgem: General Circulation Model Postprocessing with
Xarray,” n.d.). The integration of Dask facilitates scalability, which is important
for the petabyte-scale simulations that are becoming available. OceanSpy can
be used as a standalone package for analysis of local circulation model output,
or it can be run on a remote data-analysis cluster, such as the Johns Hopkins
University SciServer system (Medvedev, Lemson, and Rippin 2016), which hosts
several simulations and is publicly available. OceanSpy enables extraction,
processing, and visualization of model data to (i) compare with oceanographic
observations, and (ii) portray the kinematic and dynamic space-time properties
of the circulation.



Features

Extraction of oceanographic properties

OceanSpy can extract information from the model data at user-defined points,
along synthetic ship ‘surveys’, or at synthetic ‘mooring arrays’ Model fields, such
as, temperature, salinity, and velocity, can be extracted at arbitrary locations
in the model 4D space. Thus, simulations can be compared with observations
from Lagrangian (drifting) instruments in the ocean. The ‘survey’ extraction
mode mimics a sequence of arbitrary hydrographic ‘stations’ (vertical profiles)
connected by great-circle paths. The data on the vertical profiles are interpolated
from the regular model grid onto the ‘station’ locations. The ‘mooring array’
mimics a set of oceanographic moorings at arbitrary locations. It differs from a
‘survey’ because data is extracted on the native model grid. This mode enables
exact calculation of the model material fluxes through an arbitrary curve in
latitude/longitude space, for example.

Computation of useful diagnostics

OceanSpy can compute new diagnostics that are not part of the model output.
These diagnostics include vector calculus and oceanographic quantities, as shown
in Table 1. For example, OceanSpy can calculate the Ertel potential vorticity field
and the component of the velocity vector perpendicular to a ‘survey’ section. In
addition, OceanSpy can calculate volume-weighted averages. When the required
model output fields are available, it can also calculate heat and salt budget terms
to machine precision.

Table 1: OceanSpy diagnostics. The vector velocity field is u =
(u, v, w), which is written (for convenience) as a function of Cartesian
position xX 4+ y¥ + 22; x is an arbitrary scalar field; seawater density
is p, a function of salinity S, temperature 6, and pressure; oy is the
potential density anomaly; €,5, is the non-hydrostatic parameter,
which is 0 for a hydrostatic and 1 for a non-hydrostatic model; the
overline denotes a time average; and the Coriolis parameter has
magnitude (f,e) in the (2,y) directions. Subscript H indicates a
vector in the 2D (%X,¥) plane. See, for instance, (Klinger and Haine
2019) for further information.
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Easy visualization

OceanSpy interfaces with matplotlib and xarray plotting functions and cus-
tomizes them for oceanography. The most common visualizations, such as
a temperature/salinity (T/S) diagrams, maps of the sea-surface temperature,
or hydrographic transects along ‘survey’ sections, can be made with a single
command. A minor change to the syntax creates an animation.

Model compatibility

OceanSpy has been developed and tested using output of the Massachusets
Institute of Technology General Circulation Model (MITgcm; Marshall et al.
1997). However, it is designed to work with any (structured grid) ocean general
circulation model. OceanSpy’s architecture allows to easily implement model-
specific features, such as different grids, numerical schemes for vector calculus,
budget closures, and equations of state.



An oceanographic example: The Kogur section

Consider a specific application of OceanSpy. The Kégur section is a frequently-
occupied hydrographic transect between Iceland and Greenland. It has also been
instrumented by moorings for at least a year (Figure 1a). A typical task concerns
comparing simulation data to these observations, for example to quantify the
simulation realism and to understand how the sparse measurements represent
(and distort) the 4D fields. Using the ‘mooring’ and ‘survey’ functionality of
OceanSpy, one easily samples the model output on the Kégur section, computes
and visualizes the velocity field orthogonal to the section (Figure 1b), computes
a time series of the volume flux of dense water (g > 27.8 kgm ™3, which selects
water that subsequently overflows through the Denmark Strait downstream of
the Kogur section, Figure 1c¢), and explores the T/S properties of, for instance,
the velocity orthogonal to the section (Figure 1d).

Relation to ongoing research projects

OceanSpy is part of an ongoing effort to democratize large numerical ocean
simulation data sets, which is funded through NSF (#1835640: Collaborative
Research: Framework: Data: Toward Exascale Community Ocean Circulation
Modeling).
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Figure 1: Extracted information for September 2007 on the Kégur section. (a)
Location of the section (red line) and sea floor topography; (b) time-mean hori-
zontal current orthogonal to the section (positive values towards the northeast);
(¢) volume transport (flux, in Sv=10° m®s~1) of dense water (cp > 27.8 kgm—3)
through the section computed following the two possible paths, with a mean
southward transport of 1.69 Sv (black line); (d) T/S diagram, colored by or-
thogonal velocity, which shows the relatively warm salty water travels northeast,
whereas the cold fresh water travels southwest.
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