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Abstract

Ocean General Circulation Models (OCGM) have been used for ocean forecasts and reanalysis in the past; successfully reproduc-
ing realistic large scale features such as Western Boundary Currents (WBC) which evolve slowly in time. Recent developments
of three dimensional OCGM’s include the incorporation of tidal forcing embedded in the numerical integration. With the
inclusion of higher frequency tidal forcing it is now possible to study the impact of tides on the larger scale features of the ocean
reproduced in the OCGM’s such as WBC’s through comparison of simulations with and without tides. We compare two 1/12.5°
simulations of the Hybrid Coordinate Ocean Model (HYCOM) and report on differences in the mean position, transports, and
warm/cold core eddy production in the Gulf Stream and Kuroshio Current and their extensions across the Atlantic and Pacific

Oceans.
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Background and Motivation Impact of Tides on Location
Shown in the figure to the right, a comparison of two global HYCOM o | | e |
simulations (Ngodock et al. 2016) with and without tidal forcing . . The figures below show the latitude/longitude of the daily Indicating fewer outliers in the distribution of the current core
indicates differences in Sea Surface Temperature (SST) in regions of averaged current maxima across each of the transects (shown at these locations.
the Western Boundary Currents and their extensions. 07 N - 507 N - as black lines in the figure to the left). The largest differences
! Y in the mean and median of the surface current core location For the Kuroshio (Figure below right) the mean of the surface

We wish to quantify these differences in terms of: 2""1":;,; " B E  BRE  17E  1o0°E 2“"”?; ’;“ v w s occur on the transects that are oriented from northwest to current core location at 140° E and 150° E shifts southwards by
e volume transport southeast and lie on the geodesics that extend from Bermuda 0.4° and 0.3°, respectively, although there is no significant
e location of the current core oo - Bt O itwiindivs ) to Chesapeake Bay (Panel C in Figure below left) and Montauk  change in the median location. The location of the Kuroshio at
e warm/cold core eddy formation Point (Panel D in Figure below left). With the addition of the 130° E exhibits a bimodal distribution. With the addition of

N N tidal forcing we find that the surface current core shifts tidal forcing the location of the surface current core appears to
Daily averaged fields from the 3-dimensonal HYCOM simulations are - . 10 towards the northwest by approximately 1.5° in longitude exhibit more variability. There is also greater variability in the
executed at a horizontal resolution of 1/12.5° with 41 vertical hybrid towards Chesapeake Bay and 0.6° in longitude towards surface core location at 24.9° N, 145° E with the kurtosis of the
layers.The Navy Global Environmental Model (NAVGEM; Hogan et - 5 Montauk Point. The inclusion of tidal forcing also reduces the distributions increasing by 3.6 and 2.3, respectively at these
al., 2014) provides the atmospheric forcing and the simulation with neETRR O BRE TR R s ol e s A kurtosis of the distribution of the surface current core location  locations. At 140° E and 150° E kurtosis values decrease by 3.2
tides includes constituents M,, S,, N, K,, and O,. at the above mentioned transects and the transect at 60° W. and 2, respectively
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With the addition Of tidal fo rcing diffe rences in the KurOShiO (A) 26.5° N Current Core Longitude (B) 32.3° N Current Core Longitude (A) 24.9° N Current Core Longitude (B) 26.7° N Current Core Longitude
daily averaged transport (bottom right figure), Volume Transport (Sv) to 500 m 1y m 1. .1 = S -
normal to the transects shown as black lines in the 24.9°N 26.7° N 130.1°E 140° E 145° 150° E s | | | S |
figure above, between the surface and 500 m depth £ | _ £ o | _
. . No _. No _. No _. No _. No _. No I [ 14d I I | I 0| I 1 I ~ | L i ”
can be as large as 83 Sv in the Gulf Stream and 30 Tides _. Tides _. Tides _. Tides _. Tides _. Tides _. AENINEE1IFREEY PN of = -nB. U B MW WN Wf 3| o= - MM _HH .2 e Llbluay  un BREHE, |
. ] T|de S T|des T|des T|des T|deS T|de S 267 20784 26828 26892 20956 2002 20031 20148 290 20064 20128 20192 20256 2032 29 2032 2064 2096 028 306 309 32 3232 3264 3296 3328 336 3392 3424 3456 3488
SV In the Ku rOSh IO (nOt ShOWﬂ), (C)73° W, 36.2° N-68° W, 34° N Current Core Longitude (D) 70° W, 39° N - 66.5° W, 34.7° N Current Core Longitude (C) 130° E Current Core Latitude (D) 140° E Current Core Latitude
mean 22.8 23.6 273 26.1 26.0 281 37.9 36.7 37.3 437 411 429 N N T S " T
The average transport over the year Of simulation std 2.7 3.3 2.7 3.4 3.7 3.2 4.8 5.1 6.0 6.9 7.2 9.3 %40_ | B | %50_ 50 1
(Oct. 2011 — Sept. 2012) is shown in the tables to Volume Transport (Sv) to 2000 m Sl _ - Ex | \ II | | L II“ || J j
mean 26.0 26.8 31.1 298 30.3 33.1 519 499 451 579 52.7 59.7 . .“I | I.I .. e |..III||. ||

the right and below. Typically we find that
differences in the average transport values are small
(£ 1—-10%) in regions near the coastline where the
geostrophic balance is expected to be the leading
order solution. Once the western boundary

35 36 37 38 39 40 1 36 37 38 39 40 1 42 43 44 34 3448 3496 35.44 3592 364 36.88 3736 37.84 34 3448 3496 3544 3592 364 36.88 37.36 37.84

std 30 38 35 41 42 38 92 98 128 11.6 13.7 20.5 (E) 64.75* W Current Core Latitude (F) 60° W Current Core Latitude (E) 145+ E Current Core Latitude (F) 150+ E Current Core Latitude
Volume Transport (Sv) to 5000 m
mean 26.0 26.8 31.1 29.8 30.3 33.1 519 499 29.7 495 39.7 55.2
std 30 38 35 41 42 38 95 100 231 181 25.3 394

currents separate from the coast we find that the G .
. o . ulf Stream Transport /
tidal forcing increases (decreases) the transport in P _ Wa rm CO I d CO re Ed dy P rOd U Ct|0 N SU mMMma ry
the extensions of the Gulf Stream (Kuroshio) by 25 B .
—70% (4 — 40%). NN The figure below shows an example of a warm core eddy (39° N, 148.5° E) Our preliminary comparison of the impact of
and cold core eddy (34.5° N, 146.5° E) that appear in the simulation with tidal forcing on western boundary currents
Gulf Stream tidal forcing but are absent when HYCOM is executed with no tides. indicates that tides have a small, but
Volume Transport (Sv) to 500 m measurable, impact on the location of the
. . 73°W, 36°N 70°W, 39° N . . SST - HYCOM tides SST - HYCOM no tides :
26.5° N 323°N ke agibiel il e 64.75° W 60° W _ | Other examples of current core and volum.e transport in .coastal
' ’ !25 !25 : : regions where the leading order solution is
No NG No No No NG | differences in warm/cold dod by th b )
i i i i i i ; 120 - - rovide the geostrophic balance. Larger
e Tides s Tides s Tides e Tides e Tides e Tides ; core eddies exist between zifferencesyin thg Iocati(?n of the Gulf Strgam
B *  the two simulations. At

mean 24.6 249 49.0 51.0 558 56.1 763 955 322 251 291 233

| ‘ . ‘ | al .‘ W im time of publication of this and Kuroshio and volume transport occur
N\ | - » 5

std 1.9 19 93 84 130 133 168 240 10.1 132 54 6.0
Volume Transport (Sv) to 2000 m I i s w0 1es 10 135 10 145 50 155 poster we have not once the currents have SEparatEd from the
mean 26.7 27.1 74.0 76.7 115.6 113.4 158.1 195.8 41.5 27.6 39.6 27.0 T T T A completed an exhaustive coast and the assumption of geostrophic
std 22 21 245 223 287 275 322 458 234 283 12.7 133 . | | | - I comparison of the number balance no longer applies. Additional work is
Volume Transport (Sv) to 5000 m s et o _ .. of eddies that form withir necessary to compare the solutions to ocean
mean 26.7 27.1 59.2 61.4 183.3 186.0 261.5 326.9 30.9 214 48,3 285 O e e NRL /P 20 18 a0 et s e aoeoven o : * . the two simulations in the reanalysis and observations to quantify model
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std 2.2 21 36.6 345 358 474 524 69.1 394 504 25.0 236 public release.
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