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_Abstract In this paper, we use our MIT Multidisciplinary The Loop Current (LC) system, along with its meanders and
Simulation, Estimation, and Assimilation Systems (MSEAS) in-  eddies, plays a major role in the GoM and has consequently

cluding Error Subspace Statistical Estimation (ESSE) large- been the subject of intense study over the past decade [1
ensemble forecasting to provide real-time probabilistic forecasts 16 ith | Id - 17 18] F
for the Gulf of Mexico during the collaborative GRand Adaptive ], with several eld campaigns [17, 18]. For more on

Sampling Experiment (GRASE) from April to September 2025. the LC and its dynamics, we refer to these manuscripts
These forecasts are used for optimal planning and adaptive sam- and references therein. For real-time coordinated sampling
pling for multiple platforms deployed during the experiment. We  and forecasting in the GoM, we also refer to the recent
highlight real-time forecasts for probabilistic glider reachability MASTR experiment [19, 20], a precursor to GRASE. Recent

and optimal planning. We showcase mutual information forecasts . . . L
for optimal adaptive sampling with gliders and oats, maximizing developments include studies of cyclonic eddies in the LCE

information about the Loop Current (LC) and its eddies (LCEs). ~ Separation process [21], ensemble hindcasts to predict LCE
We showcase reachability and ow map forecasts for oats, char- separation [22], machine learning to identify and predict

acterizing water mass transports and eddy lamentations. We | agrangian coherent eddies [23], as well as eddy spiraling
present probabilistic LCE forecasts using clustering techniques. and lamentation [24].

;l]rcljaugé\é\/ﬁ]gu;g;(t:\évscigl|ders to recovery points using reachability During the 6-month GRASE observation period, we em-

Index Terms Ocean forecasting, sea glider, oats, path plan- Ployed our MSEAS Primitive-Equation (PE) submesoscale-to-
ning, reachability analysis, probabilistic forecasting, mutual in- regional-scale ocean modeling system [20, 25 28], processed

formation, adaptive sampling, Loop Current System. multiple data types, and issued deterministic and probabilistic
forecasts of ocean elds and derived quantities in real time. We
provided (i) large-ensemble forecasts with initial conditions
Real-time planning for multi-platform operations in the Gulf  downscaled from HYCOM, four-regions 3D PE- eld pertur-
of Mexico (GoM) is a critical element of successful ocean bations using Error Subspace Statistical Estimation (ESSE),
campaigns. Such quantitative planning is useful for the optimal and stochastic tidal and atmospheric forcing; (ii) hazardous
deployment, coordination, and recovery of multiple assets, as  velocities statistics, a key metric for the GoM industry and
well as for improved exploration, monitoring, understanding, platform operators; and (iii) deterministic and probabilistic
and even long-term forecasting. The GRand Adaptive Sam- reachability forecasts for underwater vehicles, including time-
pling Experiment (GRASE) is a collaborative sea experiment optimal paths and vehicle headings. We also issued mutual
that occurs in the GoM from April to September 2025. It is information (MI) forecasts for optimal adaptive sampling with
a key component of the Understanding Gulf Ocean Systems gliders and oats [29, 30] aiming to maximize information
(UGOS-3) initiative sponsored by the Gulf Research Program  about the LC, LCEs, and LCFEs; Lagrangian ow maps
of the U.S. National Academies of Sciences, Engineering, forecasts [31 33] to characterize water mass transports and
and Medicine. The main goals of GRASE are to assess the eddy lamentations, and several reachability and modi ed-
impact of observations within cyclonic features of the [Loop Lagrangian forecasts for oat planning products, accounting
Current System (LCS), namely cyclonic Loop Current Frontal for different parking depths and vertical pro ling.
Eddies (LCFEs),] obtained through adaptive sampling on the In this paper, we present some of the above real-time
prediction skill of forecast systems; and provide a framework GRASE results, building upon our prior 2024 Mini-Adaptive
to improve con dence in and validate the numerical models’ Sampling Test Run (MASTR) experiment [20, 34]. In Sec. I,
ability to properly represent [Loop Current (LC)] evolution and  we outline our probabilistic ocean modeling system, including
eddy shedding events [e.g., separation of LC eddies, LCEs], the forecast skill assessment, Lagrangian ow maps, reach-
including the distribution and paths of the cyclonic eddies that ability and path planning forecasting systems, and adaptive
have been shown to be essential in the separation process. sampling methodology. In Sec. I1, we overview our real-time

I. INTRODUCTION
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efforts. In Sec. 1V, we highlight several optimal glider planning
forecasts. Sec. V showcases optimal adaptive sampling guid-
ance for multiple sensing platforms. Sec. VI highlights our
optimal oat deployment planning products, while Sec. VII
contains likelihood forecasts of LCEs separation. In Sec. VIII,
we illustrate real-time products for glider recovery requests.
Finally, we conclude in section IX.

Il. FORECASTING METHODOLOGY AND SETUP

a) Ocean Forecasting Overview and Setup: We used our
MIT MSEAS modeling systems [25, 26, 35 38] to provide
large-ensemble forecasts of physical ocean elds and uncer-
tainties; all our other forecast products used outputs from
these systems (e.g., Fig. 1). They have been used for many
regional ocean simulations [30, 32, 39 43]. They can simulate
submesoscale processes over domains with complex geome-
tries using an implicit two-way nesting/tiling scheme [25].
During GRASE, we leveraged many of our systems’ capa-
bilities, including deterministic and ensemble initialization
schemes [26, 44, 45], tidal prediction and inversion [46],
fast-marching coastal objective analysis [47], subgrid-scale
models [48, 49], and path planning, reachability and adaptive
sampling [30, 50 52]. Forecasts of 5-to-20-day duration were
issued several times per week, using 100 optimized vertical
levels and 1/25 horizontal resolution over the GoM and
western Caribbean. Initial conditions were downscaled from
HYCOM and data-corrected. Tidal forcing was based on
OSU’s TPX010-Atlas, adapted to high-resolution bathymetry
and coastlines [46]. The sources of atmospheric forcing and
bathymetry were the same as for the MASTR experiment
(see [20]). GRASE data and data of opportunity (Argo oat,
glider CTDs, oat positions, satellite SSH/SST/SSC, etc.) were
processed and used to evaluate forecasts [53].

b) Ensemble Methodology and Setup: Our large ESSE
ensemble forecasts are initialized [49, 52, 54] with perturbed
ICs/BCs and stochastic forcing [27, 29, 49, 55]. The setup
procedure for creating 3D PE-balanced initial ESSE perturba-
tions using 3D temperature and salinity modes [27, 44, 45]
is described in [20], and remains largely the same here. The
ESSE ensembles are forced with stochastic boundary, tidal,
and atmospheric forcing. We provided real-time probabilistic
forecasts of the locations of surface currents exceeding 1.5 kt
as such velocities can be hazardous for the GoM industry
(e.g., Fig. 1e). Lastly, we predicted event and feature statistics
using clustering techniques, where we partition ensemble
realizations into groups (clusters) depending on event types.
For example, we clustered SSH contours of our ensembles to
forecast the probability of LCE separations (see Sec. VII).

c) Forecast Skill: We compared our forecasts with inde-
pendent data in a variety of ways [53]. This includes horizontal
maps of predicted T/S against pro le data at different depths
(see Fig. 1h) and predicted velocity against that measured by
gliders (see Sec. 1V). Other forecast skill products we utilized
include (i) feature skill assessment, comparing forecast SSH,
SST, and SSC against the LC and eddy shapes and locations
given by satellite data and other models (e.g., CMEMS, ESPC,
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and RTOFS); (ii) comparisons of forecast T/S against that from
Argo oat and glider pro les; and (iii) comparisons of forecast
T/S against that from glider vertical sections.

d) Lagrangian Flowmaps and Transports: To describe
water mass transports and eddy lamentations, we used our
Lagrangian forward/backward ow maps: they display, at the
initial/ nal location of a water parcel, the nal/initial position
of that parcel as it is advected over a speci ed time window.
We modify these pure-advection functions for oats by ac-
counting for the vertical pro ling motions [56]. Flowmaps are
computed using our PDE-based method of composition [31],
extended for use in realistic open- ow elds, with time-
dependent inlets and outlets. They have been successfully used
to forecast water mass transport in several regions (see [33]).

e) Reachability and Path Planning: We used our path
planning software to compute reachability fronts, time-optimal
paths, and optimal headings. A reachability front is the bound-
ary of the largest set (the reachable set) that a platform (glider,

oat, AUV, etc.) can reach within that duration. It is computed
by numerically solving the exact PDE governing reachability
sets [30, 57 61]. Probabilistic reachable maps are forecasts of
the probability that a platform can reach points in a domain at a
future time, given the uncertainty in future ocean currents (our
ensemble forecasts). To account for vertical glider motions, we
use our forecast velocities averaged over the dive depth; for

oats, we construct a velocity eld based on the oat’s daily
vertical pro ling motions and parking depth.

f) Adaptive Sampling: For targeted observations [51, 52],
we use mutual information (MI) forecasts between candidate
observation locations and future regional eld or variables of
interest (target or veri cation eld/variables) and predict the
most informative future data locations [20, 27, 30]. We use our
ensemble forecasts to compute and predict these M1 elds.

I1l. OVERVIEW OF MSEAS REAL-TIME FORECASTING

Figure 1 illustrates a selection of our real-time results and
products [53]. Fig. 1(a) is a forecast of deterministic glider
reachability fronts for May 12 22, 2025 (black contours,
increasing line thickness for later times), starting from the
position of glider RU38 at 1520Z on May 12 and assuming a
glider speed of 30 cm/s. A reachability front is the boundary
of the largest set that a glider can reach within a given
duration, and is computed using exact governing equations and
high-order level-set schemes [30, 57]. The red lines denote
EEZ boundaries. We also issued reachability forecasts for
different glider speeds, as well as time-optimal paths and
headings for different targets such as Tortugas eddies, western
branch of the LC, or speci c pick-up locations. To account for
uncertainty in our forecast currents and provide probabilistic

eld and reachability forecasts, we issued ESSE ensemble
forecasts. Fig. 1(b) illustrates one of such products, a 6-day
forecast of glider reachability probability for May 19. Fig. 1(c)
showcases a forecast of 150 m salinity for May 18. This is
the depth around which subsurface salinity maxima occur for
modi ed subtropical Caribbean waters that cross the Yucatan
Channel. Such maxima were con rmed by Argo and glider
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Fig. 1: Illustration of MSEAS real-time forecast products issued during GRASE on May 11, 2025 [53]: (a) Deterministic glider reachability
front forecasts for 12 to 22 May, (b) Reachability probability on 19 May by a glider starting at the black dot on 13 May, (c) 150 m S forecast
for 18 May, capturing lamentation, (d) 0-1000 m vertical section along 24:3 N of ensemble standard deviation (uncertainty) forecast of

+ for 19 May, crossing the LC as it ows north along Campeche Bank and then southeastward to enter Florida Strait, (¢) 0 m velocity
kurtosis forecast for May 18, with the highest values near the edges and interior jets of the LC and LCEs, (f) Forecast mutual information
(MI) between 1000 m T+S on May 11 and upper layer U+V pro les around the LC neck (green stars) on May 19, (g) Forward y- owmap
forecast between May 15 and May 22, (h) 500 m T forecast compared with Argo oat and glider pro le values on May 13.

data, and already successfully forecast in 2024 [20]. The locations of the water parcels at the nal time (May 22 127).
forecast shows all the main features (e.g., extended LC, eddy Notice that Caribbean water is advected northward through the
Edison, and two anticyclonic eddies in the western Gulf), Yucatan Channel into the inner Gulf and LC base; northward
and captures lamentation in spiral shapes around the LCEs advection is also seen on the northwest side of the LC. Such
and LC meanders. These high-salinity laments were later forecasts can be used to follow water mass transport in the
con rmed by the glider data (not shown). Fig. 1(d) shows a region. Finally, Fig. 1(h) compares, on May 13, the 4-day
forecast of uncertainty (ensemble standard deviation) for +  forecast 500 m temperature with that measured by oats and
on May 18, along a vertical section through the inner Gulf gliders. Notice that the overlaid observations ( ve colored
and LC neck. The highest uncertainty is seen along the west data dots inside black circles) show good agreement with
branch of the LC as well as the branch of the LC exiting the forecast elds, indicating predictive skill. To re ne our
through the Florida Strait. Fig. 1(e) is a one-week forecast modeling system, many forecast skill products were computed
for May 18 of the surface velocity ensemble kurtosis; the and used daily, some of which are on our real-time page [53].
highest values are forecast to be near the edges and interior
jets of the LC, eddy Edison, and the two anticyclones in the
western Gulf. This product is issued as part of our statistics of
surface velocity magnitude that exceeds 1.5 kt and is intended ~ We illustrate some of our GRASE real-time forecasts for
for platform and vehicle operators. In Fig. 1(f), we illustrate  guiding gliders in the Tortugas LCFE, LC neck, and western
a forecast of mutual information (MI) between candidate T ~ Caribbean regions from April to July, 2025. All forecasts were
and S measurements at 1000 m and velocity elds around the issued on our GRASE webpage [53] and WhatsApp for rapid
neck of the LC 8 days later. Speci cally, we forecast the M1  dissemination to glider teams.
between 1000 m T and S data (together) on May 11 anywhere Flg 2 shows one such deterministic reaChabi“ty forecast
in the domain and u- and v-velocity (together) on May 19 for glider RU38 (operated by Rutgers) in late April, and one
at a set of nine veri cation locations (green stars) and three forecast for glider SG622 (operated by CICESE) in mid-June.
depths (150, 300, and 500 m), hence 27 values of u and v. In the time-optimal path forecast for glider RU38 (Fig. 2a), we
This M1 map thus predicts where 1000 m T and S data should ~take as start point the glider’s reported location of (24:3127 N,
be collected on May 11 to best inform horizontal currents on  84:6419 W; black dot) on April 24 16:15Z. The nal target
May 19 in the upper layers of the LC neck. It shows that for ~point (white star) is the center of the Tortugas LCFE as
this goal, deep T and S data are most useful north of the neck, ~ forecast by MSEAS for April 30 0Z. The assumed glider speed
but also in the anticyclone and LC in the northwest Caribbean s 30 cm/s based on operator guidance. The glider is forecast to
Sea. Such forecasts can guide gliders and oat releases toward ~ Use the strong, favorable currents, follow the southwest edge
locations most informative about speci ¢ future features. In  Of the LCFE, and reach its target late on April 27 (3 days
Fig. 1(g), a forecast of the 1500 m Lagrangian forward y- later). The actual glider track (Fig. 2b) closely resembles our
owmap shows, at the initial time of May 15 0Z, the y- path, and its location after 1, 2, and 3 days is well within

IV. REAL-TIME PROBABILISTIC REACHABILITY AND
OPTIMAL PLANNING FOR GLIDERS

3
Authorized licensed use limited to: MIT. Downloaded on December 03,2025 at 16:21:18 UTC from IEEE Xplore. Restrictions apply.



ssw sd sw 82w

(b) RU38 actual track

“arw s6wW, s2w,

(a) Time-optimal

s w s3w

path fct for RU38

88°W 87°W 86°W 85w adow

(d) SG622 actual track

88w 87°W 86°W sd°w

(c) Reachablity fct for SG622

85w

Fig. 2: MSEAS deterministic reachability forecasts, with daily
reachability fronts (black contours) and paths overlaid on the 0

1000 m average velocity forecasts at the temporal midpoint. (a) 0

3 day time-optimal path forecast (magenta curve) for glider RU38,
for April 24 27, targeting the Tortugas LCFE. (b) as (a), but actual
glider track (white curve with red dots at daily intervals). (c) 0 10
day forward reachability forecast for glider SG622, for June 12 22.
(d) as (c), but actual glider track. Assumed glider speed is 30 cm/s.
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(a) Reachability PDF fct for glider
RU38, for June 3

88’ 80°W 87°W
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SG622, for July 21
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Fig. 3: MSEAS probabilistic reachability forecasts. Assumed glider
speed is 30 cm/s. Plots show the probability that the glider can reach
anywhere in the colored region by the indicated date from its position
7 days earlier. Yellow regions indicate certain reachability (probability
1); white regions are unreachable (probability 0). Actual glider tracks
are overlaid (white curves with red dots at daily intervals).

our corresponding reachability fronts (black curves, shown at
24-hour intervals). The glider position after 3 days is short of
the target, however, suggesting a slower actual glider speed
than assumed. Similarly, for the 10-day forward reachability
forecast for glider SG622 (Fig. 9¢c d), which uses the reported
position on June 12 03:40Z as the starting point and also
assumes a 30 cm/s glider speed per the operator, we see that
the glider positions after each day (red dots) all lie within
the corresponding reachability sets, as expected. Interestingly,
the glider skirts but does not cross the sharp gradients in the
forecast fronts, validating this forecast value function.
However, as our ocean forecasts are uncertain, we fore-
cast probabilistic reachability elds from our ESSE ensem-
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ble [20, 34]. Fig. 3 shows two such forecasts: one with 91
(Fig. 3a) and the other with 169 members (Fig. 3b), overlaid

. with ensemble mean velocity vectors at the temporal midpoint

of the forecasts. In Fig. 3a, which shows a 7-day forecast of the

i ! reachability PDF, starting from the position of glider RU38 on
"~ May 27 0Z, the real track proceeds northwest through a region

of near-certain reachability, then turns south into the LC near
the Tortugas LCFE, avoiding a region with a rapid decay in
the PDF. In Fig. 3b, the real track of glider SG622, in the
western Caribbean, lies in a region of (much more certain)
strong northward currents upstream of the LC, and remains
well within our forecast region of near-certain reachability.

Our deterministic forecasts were validated against inde-
pendent data [53]. For example, in Fig. 4, we compare the
0 1000 m average velocity from the MSEAS-PE forecasts
with depth-averaged measurements from the GRASE gliders.
These forecasts show relatively good agreement with the data,
correctly capturing: southerly and strong southwest currents on
the western side of the Tortugas LCFE in late April, and the
return ow on the east side of the eddy (Fig. 4a b); northerly

ow at the shelf break and strong southwest currents in the
LC in late May (Fig. 4c d); and strong northward ow in
the western Caribbean upstream of the LC in April/May and
variability in June (Fig. 4e h). Over the experiment period,
the MSEAS 5-to-12 day forecast 0 1000 m average velocity
RMSE was 20 cm/s for glider RU38, 10 cm/s for glider
SG622, and 8 cm/s for glider SG651. The higher mean RMSE
of glider RU38 is due to the time spent in the strong currents
in the LC east branch and Tortugas LCFE edge.

V. REAL-TIME MUTUAL INFORMATION FORECASTS FOR
ADAPTIVE SAMPLING

With each probabilistic forecast, we issued a set of Ml
elds, where the goal is to predict the locations of candidate
future glider and oat observations on different days that are
the most informative about target ocean features such as the
LC, LC neck, LCEs, or LCFEs. Fig. 5 shows one such set of
forecasts, for candidate glider T and S pro les at 0 m, 50 m,
150 m, 300 m and 500 m (taken together) on April 30 and
a veri cation (target) feature on May 6, either + or U and
V in the LC (green stars on Fig. 5a,b,c,e) or its western side
(green stars on Fig. 5d,f). In Fig. 5c,d,e,f), the locations with
the highest M1 (bright yellow) indicate where the pro les are
predicted to be the most informative about the speci ¢ LC
target on May 6. We nd that the upper-layer T/S pro les
on April 30 most informative: about + at 50 m, 300 m, and
500 m (together) in the forecast LC head, are near the LC
center (Fig. 5¢); about + at the western edge of the forecast
LC head, are near the southern in ow of the LC (Fig. 5d);
about U and V (together) in the forecast LC head, are in
an oval shape surrounding the LC at depth, but less in the LC
center itself (Fig. 5e); about U and V (together) in the western
edge of the forecast LC head, are again at the southern in ow
of the LC, but also at the north side of the LC (Fig. 5f).
Fig. 6 shows another set of MI forecasts, focusing on deep
candidate observations (1000 m and 1500 m, together) on
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Fig. 4. Comparison of 0 1000 m average velocity from MSEAS-PE deterministic forecasts, interpolated to observation locations and times,
with the independent depth-averaged velocity measured by gliders (once known). (a,c,e,g) MSEAS-PE forecast velocity magnitude and
direction (cm/s); depth-averaged velocities measured by gliders RU38 (b,d), SG651 (f), and SG622 (h).
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Fig. 5: MSEAS real-time MI forecast products. Candidate measurements are 0 m, 50 m, 150 m, 300 m and 500 m T and S (together) on
April 30. Veri cation (target) date is May 6; veri cation depths are 150 m, 300 m, and 500 m, at the locations indicated by green stars.
(a,b) Veri cation (target) locations overlaid on 300 m ensemble mean T (a) and T standard deviation (b). Veri cation variables are T (c,d),
U and V (together) (e,f). We target the whole LC head in (c,e), but only a subset of points along the western edge of the LC in (d,f).

May 9 that are most informative about the LC neck (possible on May 19, are in the LC head, not the neck (Fig. 6e); about
separation region) 10 days later (see Fig. 6a b). We thus seek  U/V on May 19, are also mainly in the LC head, but also just

to predict the locations of candidate data most informative south of the Yucatan Strait (Fig. 6f).
about either + or U and V on May 19, in the LC neck
at 150 m, 300 m, and 500 m (together). We forecast that the
deep T/S pro les on May 9 that are most informative: about a) Float Deployment Planning and Reachability: On
T on May 19, are north of the neck in the LC head (Fig. 6c); June 5, the GRASE EM-APEX oat team planned to deploy
about U and V (together) on May 19, are also in the LC  oats in two LCFEs and the LC core, and remain within these
head, but also on the northern ank of the anticyc|one in the features. The rst oat aimed to start in the center of an LCFE
western Caribbean (F|g Gd) We also forecast that the deep then located at the northwest end of the LC and remain in it.
U/V pro les on May 9 that are most informative: about The second aimed to start and remain in the Tortugas LCFE,
while the third aimed to start and remain in the LC core.

V1. OPTIMAL FLOAT PLANNING AND FORECASTING
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(a) Target locs. overlaid on 300 m mean T

(c) MI: T+S data, targeting T (d) MI: T+S data, targeting U+V

(b) Target locs. overlaid on 300 m T std. dev.

(e) MI: U+V data, targeting (f) MI: U+V data, targeting U+V

Fig. 6: MSEAS real-time Ml forecast products. Candidate measurements are at 1000 m and 1500 m depth (together) on May 9. Veri cation
(target) date is May 19; veri cation depths are 150 m, 300 m, and 500 m, at the locations in the LC neck indicated by green stars.
(a,b) Veri cation (target) locations overlaid on 300 m ensemble mean T (a) and T standard deviation (b) on May 6. Candidate observation
variables are T and S (together) (c,d), and U and V (together) (e,f). Veri cation variables are + (c,e), and U and V (together) (d,f).

(@) Fct 500m 1 eld, fct modeled velocity eld
experienced by the oats, and fct LCFE centers (June 5)

(b) Reachability fct (June 5 12);
Northwest LCFE deployment

Fig. 7: MSEAS oat deployment planning products. (a) 6-day
MSEAS-PE forecast of LCFE centers (white dots) for June 5; (b) 0 7
day daily reachability forecasts for June 5 12, overlaid on simulated

oat-experienced velocity eld, for a oat deployed at the forecast
center of the northwest LCFE. (b) As (a), but for a oat depoyed in
the forecast Tortugas LCFE. Assumed velocity uncertainty is 3 cm/s.

(c) Reachability fct (June 5 12);
Tortugas LCFE deployment

As such, starting from a 6-day MSEAS-PE forecast, we rst
identi ed the two LCFE centers based on water mass analyses
(T, S, and ) and velocity and vorticity elds at several
depths to account for possible titled eddies, lamentation at
their edges, and separation into surface/deeper eddies (Fig. 7a,
white dots). Next, we constructed the forecast 2D horizontal
velocity eld experienced by the EM-APEX oats, accounting
for their vertical motions: e.g., one up/down pro le per day
(0 to 1500 m), taking 8.5 hours, and spend the rest of the
day parked at 1500 m (actual parking depth differed). Using

6

(@) Initial positions (June 6) (b) Positions fct for June 12

Fig. 8: MSEAS forecasts of 1500 m, 6-day oat ow maps for 3
EM-APEX oats deployed June 6 at the locations colored in blue.
(a) Float deployment locations and regions, colored by initial distance
from the centroid of the region; (b) Forecast locations of the oat
regions on June 12.

this oat-experienced velocity eld, we provided reachability
forecasts for the oats, assuming a 3 cm/s horizontal velocity
uncertainty over time (Fig. 7b ¢). The oat starting in the
northwest cyclonic LCFE was forecast to remain trapped in
the eddy on the northwest ank of the LC, while the oat
starting in the east LCFE was forecast to move slightly SE
but also remain entrained in the eddy.
b) Float Flow maps: Once the oats were deployed
on June 6 and their initial positions known, we provided
oat ow map forecasts of the nal location of the material
region surrounding the oats’ initial positions; the boundaries
were selected based on Lagrangian feature analysis (coherent
structures, FTLE, etc., see [33]). Fig. 8 shows the initial and
6-day forecast of these regions’ locations, colored by initial
distance from the centroid of the region on June 6. This
highlights how each region is being distorted, especially how
its edges can be affected by shear and turbulence. Floats
starting in the northern LCFE region on June 6 are forecast to
advect eastward along the LC and largely split in two parts by
June 11. Even oats from the centroid are strongly sheared and
split between two new smaller oat-regions. Floats from the
Tortugas LCFE region mostly remain coherent and within the
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