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ABSTRACT

Two three-dimensiona and one two-dimensional models are used to simulate the tides (heights and
currents) in the Gulf of California. One of the three-dimensional models uses sigma coordinates and the
other uses fixed vertica levels. The results of the models are compared to observations by means of
harmonic constants. It is found that tidal heights are better modelled with a simple two-dimensional
model, while tidal currents are better modelled with the three-dimensional model with fixed vertical
levels.

Key words: tidal currents, POM and HAMSOM maodels, Gulf of California.

RESUMEN

Se usaron dos model os tridimensionales y uno bidimensional para simular las mareas (nivel del mary
corrientes) en €l Golfo de California. Uno de los modelos tridimensionales usa coordenadas sigmay €
otro usa niveles fijos en la vertical. Los resultados de los modelos se compararon con mediciones por
medio de constantes arménicas. Se encontrd que las alturas de marea se modelan mejor con € modelo
bidimensional, mientras que las corrientes de marea se modelan mejor con el modelo tridimensional que
utilizanivelesfijosen lavertical.

Palabras clave corrientes de marea, modelos POM y HAMSOM, Golfo de California

INTRODUCTION INTRODUCCION

The general circulation of the Gulf of La circulacion genera del Golfo de
Cdlifornia (fig. 1) is the result of tidal and low California (fig. 1) se debe a la cooscilacion de
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Figure 1. (a) Plan view of the Gulf of California. (b) Horizontal layout of the (coarse~ 6.5~ 6.5 km) grid
and bathymetry in meters. The asterisks show the locations of the tidal stations. The North, Island, Central
and South divisions are referred to in the text.

Figura 1. (a) Vista de planta del Golfo de California. (b) Trazado horizontal de la batimetriay malla
(gruesa ~6.5 ° 6.5 km) en metros. Los asteriscos indican las posiciones de las estaciones de marea. Se
hace referencia alas divisiones norte, de lasislas, central y sur en € texto.
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frequency co-oscillation with the Pacific
Ocean, of forcing by wind and heat fluxes at
the sea surface, of the non-linear interactions
and of the effect of the topography. With the
ultimate goal of modelling the general circula-
tion of the gulf, we start by simulating the tides
with two different three-dimensional models.
Tides in the Gulf of California have already
been modelled with one- (Ripa and Veldzquez,
1993), two- (Quirds et al., 1992; Argote et al.,
1995) and three-dimensional (Carbgjal, 1993)
models, but their validation has been restricted
to comparisons with the surface elevation
(Argoteet al., 1995, compared results of a two-
dimensional model with a few current-meter
observations in the northern gulf, which are
used here as well). Here we use some historical
and recent current measurements to check the
performance of atypical tidal two-dimensional
model and two different three-dimensional
models.

Why several models? Because one model
can perform better than others depending on
the process. Here we want to know which one
simulates better the tidal streams, a key
ingredient of the gulf's circulation, not only
because of their significant speeds, but also
because of the role that they play in other
processes like generating internal tides, pro-
ducing intense mixing over sills, and forming
fronts. The models used here are well known in
the literature and they are referred to as the
Mellor-Yamada or POM and the HAMSOM
models. Both models have been successfully
used in several places. The POM model,
originally developed by Blumberg and Mellor
(1987), is a very well known model and has
been widely used; e.g., Cummins and Oey
(1997) studied barotropic and baroclinic tides
in the northern coast of British Columbia, and
Oey and Chen (19923, b) studied meanders and
eddies in the Norwegian Coastal Current and
the circulation in the northeast Atlantic shelves
and seas, forced with river runoff, M2 tidal
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la marea y de baja frecuencia con el Océano
Pacifico, al forzamiento por €l viento y flujos
de calor en la superficie, a la interaccion no
lineal y al efecto de la topografia. Con el
objetivo final de modelar la circulacion general
del golfo, comenzamos por simular las mareas
utilizando dos modelos tridimensionales dife-
rentes. Se han modelado las mareas en el Golfo
de California con modelos unidimensionales
(Ripa y Veldzquez, 1993), bidimensionales
(Quirés et al., 1992; Argote et al., 1995) y
tridimensionales (Carbajal, 1993), pero la vali-
dacion de éstas se ha restringido a compara-
ciones con la elevacion superficial (Argote et
al., 1995, compararon los resultados de un
modelo bidimensional con algunas observa-
ciones de corrientes en el norte del golfo, las
cuales también se utilizan aqui). Aqui se usaron
mediciones histéricas y recientes de las
corrientes para evaluar el funcionamiento de un
modelo de marea bidimensional tipico y dos
model os tridimensional es diferentes.

¢Por qué varios modelos? Porque un
modelo puede funcionar mejor que otros
dependiendo del proceso. Aqui buscamos el
gue mejor simula las corrientes de marea que
son determinantes en la circulacion del golfo,
no solo por sus velocidades significativas, pero
también por el papel que juegan en otros
procesos como la generacion de mareas
internas, la mezclaintensa sobre los umbralesy
la formacion de frentes. Los modelos utilizados
en este trabajo son ampliamente conocidos en
la literatura y se conocen como el modelo
Mellor-Yamada o POM y e modelo
HAMSOM. Se han utilizado ambos modelos
con éxito en muchos lugares. EI modelo POM,
desarrollado originalmente por Blumberg y
Mellor (1987), es muy conocido y ha sido
utilizado ampliamente; e.g., Cummins y Oey
(1997) estudiaron las mareas barotropicas y
baroclinicas en la costa norte de la Colombia
Britanica, y Oey y Chen (1992a, b) estudiaron
meandros y giros en la Corriente Costera de
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elevations, steady flows at the open boundaries
and atmospheric agents. HAM SOM, devel oped
by Backhaus (1985), has successfully repro-
duced the tidesin several areas (Stronach et al.,
1993), wind induced currents (Marinone et al.,
1996) and deep water renewal (Marinone and
Pond, 1996); therefore, the basic objective of
this paper is to model the tidal currents of the
Gulf of California with the three-dimensional
POM and HAMSOM models and compare
them with observations. Also, the tidal heights
and depth-averaged currents are computed and
they are compared with a classical two-
dimensional model.

MODELSAND OBSERVATIONS
Models

The vertical structures of the three different
models used are shown in figure 2. The two-
dimensional model, or 2D, integrates the equa-
tions of motion from the surface elevation, h,
to the bottom, H (see Marinone, 1997). The
HAMSOM model, or 3H, integrates the
equations between fixed levels in the vertical
direction with variable spacing and calculates
vertical mixing coefficients as afunction of the
Richardson number and vertical shear (see
Stronach et al., 1993; Marinone and Pond,
1996). The Mellor-Y amada model, or 3M, con-
verts the vertical coordinate z to s-coordinates
and uses a turbulent kinetic energy closure
scheme to determine vertical mixing coeffi-
cients (see Blumberg and Mellor, 1987). All
models use a quadratic drag law for bottom
friction. Although the three-dimensional
models include conservation equations for
temperature and salinity, a homogeneous ocean
is assumed here.

Two bathymetries were used with the
three-dimensional models: a coarse one (C) of
6.5~ 6.5 km, digitized from Mexican Navy
Chart SM620 and from the chart of Rusnak et
al. (1964); and a finer one (F) of 4.6 x 3.9 km,
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Noruega y la circulacion en las plataformas y
mares del Atlantico noreste, forzados con
escurrimiento de rios, elevaciones de marea por
la M2, flujos estacionarios en las fronteras
abiertas y agentes atmosféricos. EI modelo
HAMSOM, desarrollado por Backhaus (1985),
ha reproducido exitosamente las mareas de
muchas areas (Stronach et al., 1993), las
corrientes inducidas por el viento (Marinone et
al., 1996) y la renovacion de agua profunda
(Marinoney Pond, 1996). Por tanto, el objetivo
de este trabajo es modelar las corrientes de
marea en el Golfo de California con los
model os tridimensionales POM y HAMSOM y
compararlos con observaciones. Asimismo, se
calculan el nivel del mar y las corrientes pro-
mediadas con la profundidad y se comparan
con un modelo bidimensional clésico.

MODELOSY OBSERVACIONES
M odelos

Lafigura 2 muestra las estructuras vertica-
les de los tres modelos utilizados. EI modelo
bidimensional, 2D, incorpora |as ecuaciones de
movimiento desde la elevacion superficial, h,
a fondo, H (ver Marinone, 1997). El modelo
HAMSOM, 3H, integra las ecuaciones entre
niveles fijos en la vertical con espaciamiento
variable y calcula los coeficientes de mezcla
vertical como una funcion del ndmero de
Richardson y del corte vertical (ver Stronach et
al., 1993; Marinone y Pond, 1996). EI modelo
Mellor-Yamada, 3M, transformala coordenada
vertical zacoordenadas s y utiliza un esquema
de cerradura basado en la ecuacion de energia
cinética turbulenta para determinar los
coeficientes de mezcla vertical (ver Blumberg
y Mellor, 1987). Todos los modelos utilizan
una ley cuadrética para la friccion de fondo.
Aungue los modelos tridimensionales incluyen
ecuaciones de conservacion paralatemperatura
y salinidad, aqui se supone un océano
homogéneo.
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Figure 2. Vertica representation of the different models. (a) 2D: two-dimensional, equations are ver-
tically integrated from the surface elevation, h, to the bottom, H. (b) 3H: three-dimensional z-coordinate,
equations are vertically integrated between fixed levels;, 3H stands for three-dimensional HAMSOM.
(c) 3M: three-dimensional s-coordinate; 3M stands for three-dimensional Mellor-Y amada.

Figura 2. Representacion vertical de los diferentes modelos. (a) 2D: bidimensional, las ecuaciones se
integran verticalmente desde la superficie, h, al fondo, H. (b) 3H: tridimensional con coordenada z, las
ecuaciones se integran verticalmente entre niveles fijos; 3H indica HAMSOM tridimensional. (c) 3M:
tridimensional con coordenadas; 3M indica Mellor-Y amada tridimensional .

digitized from the charts of Bischoff and
Niemitz (1980). Therefore, the HAMSOM and
Mellor-Yamada models will be referred to as
3HC or 3HF and 3MC or 3MF, respectively,
with the letters C and F indicating the
bathymetry used. Why two bathymetries?
Because one expects better simulations with a
finer grid; however, it is always important to
assess if it really does it and how much is
gained with more resolution. Garcia and
Marinone (1997) reported, for the gulf, very
small differences among the tidal harmonics
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Se utilizaron dos batimetrias con los
modelos tridimensionales: una gruesa (C) de
6.5 " 6.5 km, digitalizada del mapa SM620 de
la Secretaria de Marina de México y del mapa
de Rusnak et al. (1964); y otra més fina (F) de
4.6 ~ 3.9 km, digitalizada de los mapas de
Bischoff y Niemitz (1980). Por tanto, los
modelos HAMSOM y Mellor-Yamada seran
referidos como 3HC o 3HF y 3MC o 3MF,
respectivamente, las letras C y F indicando la
batimetria utilizada. ¢Por qué dos batimetrias?
Porque se esperan mejores simulaciones con
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obtained with the same two-dimensional model
with different bathymetries and observations;
therefore, the 2D model was run only with the
coarse bathymetry and will be referred to as
2DC.

All models were forced at the open
boundary with the seven most important tidal
constituents: M2, S2, N2, K2, K1, O1 and P1.
Table 1 shows the average amplitude of these
constituents at the open boundary and their val-
uesin San Felipe, in the northern gulf, in order
to show the amplification that the tides experi-
ence along the gulf.

Sea level simulations

Thirteen tidal stations around the gulf (see
fig. 1) were used to calibrate the models. The
models were run varying the friction coeffi-
cients until the optimum or best agreement was
found in a root mean square difference sense.
Table 2 shows, for the best run of each model,
the average and standard deviation of the dif-
ferences in amplitudes (in centimeters) and
phases (degrees) between models and observa-
tions, as well as the root mean square (rms) of
the difference in sea level for each tidal
constituent, according to:

T, 1
rms= |=§ =
JN"?‘z

[A2+ A2 —AA cos(f -~ )1 (1)
where A is the amplitude, f the phase, and the
subscripts o and m refer to observations and
models, respectively, for each station i. The
smaller rmsvalues for the semidiurnal constitu-
ents, which are the largest, are obtained with
the 2DC model. For the diurnal components,
the lowest rms values are achieved by the 3HC
model; however, their rms values are very
similar to the corresponding values of the other
models. Comparing the results of only the
three-dimensional models with different
bathymetries, we see that the layer model ele-
vations are closer to the observations with the
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una malla mas fina; sin embargo, siempre es
importante determinar si realmente sucede y
qué tanto se gana con mas resolucion. Garciay
Marinone (1997) reportaron, para el golfo,
diferencias muy pequefias entre las constantes
armoénicas de marea obtenidas con el mismo
modelo bidimensional con diferentes batime-
trias y observaciones; por tanto, el modelo 2D
solamente se corrié con la batimetria gruesa y
serareferido como 2DC.

Se forzaron todos los modelos en la fron-
tera abierta con las siete componentes de marea
mas importantes: M2, S2, N2, K2, K1, Ol y
P1. Latabla 1 muestrala amplitud promedio de
estas componentes en la frontera abierta y sus
valores en San Felipe, en el norte del golfo,
paramostrar laamplificacion delas mareasalo
largo del golfo.

Simulaciones del nivel del mar

Se usaron 13 estaciones de marea en el
golfo (ver fig. 1) para calibrar los modelos. Se
corrieron los model os variando los coeficientes
de friccién hasta encontrar la mejor o optima
concordancia con base en las diferencias de la
raiz cuadratica media. La tabla 2 muestra, para
lamejor corrida de cada modelo, los promedios
y la desviacién estandar de las diferencias en
amplitud (centimetros) y fases (grados) entre
los modelos y las observaciones, asi como la
raiz cuadrédtica media (rms) de la diferencia en
el nivel del mar para cada componente de
marea, con base en:

rms = Jﬁ? 2R+ A = AgAncos(f =T )], (D)
donde A eslaamplitud, f lafase, y los subindi-
ces 0 y m se refieren a las observaciones y
model os, respectivamente, para cada estacion i.
Los valores menores de rms para las compo-
nentes semidiurnas, que son las mayores, se
obtienen con el modelo 2DC. Para las compo-
nentes diurnas, los valores més bajos de rms se
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Table 1. Amplitudes (cm) of the tidal constituents at the open boundary (OB) and in San Felipe (SF).

AFistheratio of the amplitudesin SF and OB.

Tabla 1. Amplitudes (cm) de las componentes de marea en la frontera abierta (OB) y en San Felipe (SF).

AF eslarazdn de las amplitudes en SFy OB.

Constituent OB SF AF Constituent OB SF AF
M2 36.8 164.5 45 K1l 22.2 41.6 19
S2 23.7 99.3 4.2 o1 15.2 26.3 17
N2 8.8 42.0 4.8 P1 6.9 13.0 1.9
K2 6.6 26.4 4.0

coarse bathymetry, while the s-coordinate
model elevations improve, in general, with the
finer grid. The rms values of the 3HC and 3HF
models are very similar, but the corresponding
rms values of the 3MC and 3MF models are
significantly reduced for the M2 and S2
components. The 3HF model worsening is due
to larger differences in the phases for the semi-
diurnal components, while for the diurna
components the larger differences are in the
amplitudes. Given that the semidiurnal compo-
nents account for most of the variance of the
surface elevation in the gulf, we can conclude
that a two-dimensional model is sufficient to
simulate tidal elevations.

Current meter observations

There are 123 time series at 67 different
stations along the gulf and their positions are
indicated in figure 3. In the cases when more
than one station lies in a grid point, compari-
sons between the results of the models and each
station were made without averaging the obser-
vations; in figure 3 their locations have been
grouped by letters to avoid crowding of the
labels. Record lengths vary from a few to
hundreds of days; most of them have a duration
of one month or less (59 of 123). When more
than one current meter is available in the water
column, the depth-averaged velocity field was
calculated. Thus, the data set of currents has
123 time series of in situ observations in the
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logran con el modelo 3HC; sin embargo, sus
valores de rms son muy similares a los valores
correspondientes de los otros modelos. Al
comparar sélo los resultados de los modelos
tridimensionales con batimetrias diferentes, se
muestra que las elevaciones del modelo de
capas se acercan mas a las observaciones con la
batimetria gruesa, mientras que las elevaciones
del modelo que usa coordenadas s mejoran,
por lo general, con lamalla mas fina. Los valo-
res de rms de los modelos 3HC y 3HF son muy
similares, pero los valores correspondientes de
rms de los modelos 3MC y 3MF se reducen
significativamente para las componentes M2 y
S2. El empeoramiento del modelo 3HF se debe
a diferencias mas grandes en las fases para las
componentes semidiurnas, mientras que para
las componentes diurnas las diferencias mas
grandes se encuentran en las amplitudes. Dado
gue las componentes semidiurnas explican casi
todalavarianzaen el nivel del mar en el golfo,
se puede concluir que el modelo bidimensional
es apropiado para simular las elevaciones de
marea.

Observaciones del medidor de corriente

Existen 123 series de tiempo para 67 esta-
ciones diferentes a lo largo del golfo; sus posi-
ciones se muestran en la figura 3. Cuando mas
de una estacion se encuentra en un punto de
malla, las comparaciones entre los resultados
de los modelos y cada estacion se hicieron sin



Table 2. Average and standard deviation of the differences in amplitude, dA (cm), and phases, df
(degrees), for the indicated tidal constituents between the different models and observations of 13 tidal
stations. The rms is the root mean square of the difference in sea level (cm) as indicated in equation 1.
2DC stands for the two-dimensional model with a coarse bathymetry; 3HC and 3MC stand for the three-
dimensional HAMSOM and Mellor-Y amada models, respectively, with a coarse bathymetry; and 3HF

Ciencias Marinas, Vol. 26, No. 2, 2000

and 3MF stand for the three-dimensional models but with afiner bathymetry.

Tabla 2. Promedio y desviacion estandar de las diferencias en amplitud, dA (cm), y fases, df (grados),
para las componentes de marea indicadas por |os diferentes modelos y observaciones de las 13 estaciones
de marea; rms es laraiz cuadrédtica media de la diferencia en €l nivel del mar (cm) como seindicaen la
ecuacion 1. 2DC indica e modelo bidimensional con una batimetria gruesa; 3HC y 3MC indican los
modelos tridimensionales HAMSOM y Mellor-Yamada, respectivamente, con una batimetria gruesa; y

3HF y 3MF indican los model os tridimensional es con una batimetria més fina.

2DC 3HC 3MC 3HF 3MF

dA df dA df dA df dA df dA df

M2  avg -15 -05 42 6.5 -12 6.0 35 139 —6.3 30

std 35 121 77 160 102 190 85 192 95 152
rms 6.4 7.7 112 8.0 8.7

K1 avg 14 0.2 08 0.8 16 13 12 14 15 26

std 13 4.0 11 3.6 15 3.6 11 42 13 3.7
rms 15 11 16 15 16

S2 avg 07 05 33 4.7 17 -16 23 9.8 -17 4.7

std 20 117 64 118 50 161 65 129 30 149
rms 34 5.1 56 5.3 3.9

N2 avg 0.5 23 11 7.3 06 43 11 166 —2.0 59

std 0.7 118 19 176 29 180 21 204 27 160
rms 11 21 28 22 22

Ol avg 12 03 09 0.6 12 0.9 13 04 13 16

std 0.9 4.2 07 39 11 38 0.8 43 0.8 39
rms 12 1.0 11 12 12

K2 avg 00 -13 08 4.6 04 26 0.7 9.3 0.4 41

std 07 111 13 114 13 146 15 112 12 131
rms 0.9 12 15 14 11

P1 avg 0.7 0.5 04 18 0.8 17 0.6 20 0.7 34

std 0.7 59 06 54 0.9 54 0.6 59 0.6 56
rms 0.7 05 07 0.7 0.7
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Figure 3. Positions of the current meters in the Gulf of California. Some stations are too close for their
positions to be shown by their station numbers and are grouped by letters.

Figura 3. Posiciones de los medidores de corriente en el Golfo de California. Algunas estaciones estén
muy cercanas entre si para mostrar sus posiciones con nimeros de estacion y se agrupan con letras.

gulf and 67 time series of the depth-averaged
currents (note that some stations will have a
few current meters, and some will have only
one current meter and will be assumed to be the
same as the depth-averaged one; therefore, the
comparisons with depth averages will be less
effective or conclusive). Table 3 shows when,
for how long and at what depth the different
current meters were recording.
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promediar las observaciones; se agruparon sus
localidades por letra en la figura 3 para no
amontonar las etiquetas. Los registros duraron
desde unos cuantos hasta cientos de dias; la
mayoria tienen una duracion de un mes o
menos (59 de 123). Cuando mas de un medidor
de corriente estda disponible dentro de la
columna de agua, se calcul6 el campo de
velocidad promediado en la vertical. Por
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Marinone: Intercomparisons of modelled tidal currents and observations in the Gulf of California
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RESULTS

The models were run for six months after
spin up, and time series of the five model
versions (2DC, 3HC, 3MC, 3HF and 3MF) at
the 67 stations of current meter observations
were subjected to tidal harmonic analysis. The
HAMSOM model was run with 12 layers and
the POM model with 21 s levels. For each sta-
tion, and from the three-dimensional models,
the depth-averaged currents were computed;
therefore, the comparisons between model and
observations are as follows:

123 in situ positions (observations vs 3HC,
3MC, 3HF and 3MF).

67 stations for the vertical averages (obser-
vations vs 2DC, 3HC, 3MC, 3HF and 3MF).

The comparisons are based on harmonic
constants, which were extracted from all time
series (in situ and the vertical averages) with
standard tidal harmonic analysis. The number
of constituents fitted to the observations
depends on the record length: for records
shorter than two weeks, only M2 and K1 were
extracted; for records longer than one month,
the S2 and O1 components were also included,
and so on. Inference is made for the S2 and K1
components from K2 and P1, respectively, for
short record lengths.

On average (from the different series), the
associated tidal currents of the M2 component
alone explain more than 50% of the variance of
the currents in the upper half of the gulf, but
only about 13% of the variance in the lower
half. The corresponding figures for the K1
component are only 8% and 2% in the upper
and lower halves of the gulf, respectively. As
an example, table 4 shows the harmonic
constants of three stations in the gulf for the
leading semidiurnal and diurnal constituents.
Note that at stations 5(e) and 46(f), which are
located in the north and island regions,
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tanto, el conjunto de datos de las corrientes
tiene 123 series de tiempo de observaciones in
situ dentro del golfo y 67 series de tiempo de
las corrientes promediadas en la vertical (note
que algunas estaciones tendrén unos cuantos
medidores de corriente y otros tendran uno
solo y se considerara igual que las prome-
diadas en la vertical; por tanto, las comparacio-
nes con los promedios verticales serdn menos
efectivas o conclusivas). La tabla 3 muestra
cuando, por cuanto tiempo y a qué profundidad

registraban los diferentes medidores de
corriente.
RESULTADOS

Se corrieron los modelos por seis meses
después de inicializados, y se aplicé un andlisis
armonico de marea alas series de tiempo de las
cinco versiones de los modelos (2DC, 3HC,
3MC, 3HF y 3MF) de 67 estaciones de
observaciones de corrientes. El modelo
HAMSOM se corrid con 12 capas y el modelo
POM con 21 niveles s. Para cada estacion y a
partir de los modelos tridimensionales, se
calcularon las corrientes promediadas con la
profundidad; por tanto, las comparaciones
entre los modelos y observaciones son las
siguientes:

123 posiciones in situ (observaciones vs
3HC, 3MC, 3HFy 3MF).

67 estaciones para los promedios verticales
(observaciones vs 2DC, 3HC, 3MC, 3HF y
3MF).

Se basaron las comparaciones en constan-
tes armonicas, que se obtuvieron de todas las
series de tiempo (n situ y promedios vertica-
les) con un andlisis armoénico de marea estan-
dar. El nUmero de componentes ajustado a las
observaciones depende de la longitud de
tiempo del registro: para registros mas cortos
gue dos semanas, solo se extrgeron M2 y K1;
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Table 4. Harmonic constants of the depth-averaged (DA, first row) and in situ observed velocity
components (u, V) at the indicated depth (H) and station (stn). A, f and % correspond to the amplitude
(cms?), phase (degrees) and explained variance by the indicated tidal contituent, respectively.

Tabla 4. Constantes armonicas de las componentes de velocidad (u, v) promediadas con la profundidad
(DA, primera fila) y observadas in situ en la profundidad H) y estacion (stn) indicadas. A, f vy %
corresponden a la amplitud (cm s?), fase (grados) y varianza explicada por la componente de marea
indicada, respectivamente.

Stn H M2 K1
u \' u \'
A f % A f % A f % A f %

05 DA 48 864 298 168 864 576 14 337 36 26 1463 20
(e 44 51 861 140 109 861 293 50 3480 189 6.7 120 163

54 58 816 128 196 984 474 44 188 104 59 1612 65

134 45 789 129 204 789 557 55 3180 271 48 420 46

188 34 736 44 168 1064 358 18 2616 17 19 984 07
46 qdz 248 2705 586 333 895 629 40 2014 16 53 3386 16
) 100 228 2486 418 359 1114 535 28 1818 0.6 83 33 29

200 259 2757 488 389 843 59.7 53 1704 20 36 3520 05

450 282 2570 529 269 770 530 50 1303 17 50 3099 19
26 qdz 31 2374 84 96 1226 27.1 19 167 34 49 167 80
0] 10 06 2151 04 71 1449 101 10 2136 10 41 1464 33

30 53 2389 83 88 1211 18.0 21 91 15 3.9 91 38

respectively (see fig. 3), the tides account for
most of the time variability of the currents,
especially at station 46, and most of this
variance is due to the M2 tidal constituent. At
these stations, the tides explain more than 70%
of the variance. In the central area [station
26(i)] the tides account for only ~20% of the
variance; other processes are present there. In
general, the harmonic constants show impor-
tant variations with depth, and the variance
explained by the tides is larger for the depth-
averaged currents than for the in situ currents,
especially for the M2 and S2 components.

para registros més largos que un mes, también
se incluyeron las componentes S2 y O1, y asi
sucesivamente. Se hace inferencia para las
componentes S2 y K1 delas K2y P1, respecti-
vamente, para los registros de corta duracion.
En promedio (de las diferentes series), las
corrientes de marea asociadas con la compo-
nente M2 explican méas del 50% de la varianza
de las corrientes en la parte superior del golfo,
pero sblo alrededor del 13% de la varianza de
la parte inferior. Los nimeros correspondientes
de la componente K1 son solamente el 8% y
2% en las partes superior e inferior del golfo,
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Tidal ellipses

Figures 4, 5 and 6 show the tidal ellipses of
the M2 tidal constituent, from the observations
and models for stations 5(e), 46(f) and 26(i),
which are examples of the north, island and
central regions, respectively (seefig. 3 for their
location in the gulf). The first row corresponds
to the depth-averaged currents; the rest of the
rows are located in the vertical direction with
respect to the HAMSOM layers. The currents
in the central and southern areas have smaller
speeds than in t