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Gulf Entrance.

Conditions at the entrance of the gulf are of interest because they tell us about exchange
with the surrounding Pacific, both by seeing what waters at the entrance are of Pacific origin and
what of gulf origin, and by the pattern of geostrophic flow infout of the gulf. Fig. 1 (Roden,
1972; Fig. 3) is a section from the tip of Baja California to Mazatlan. On it are visibie (bottom up)

Pacific deep water; below 1000 m, S increases to about 34.7 ppm at 1500m
Pacific intermediate water; 500-1000m, S minimum 34.5 ppm and
2 mininum 0.1-0.2 miA between 600-900m
Subtropical subsurface water; 125-400m, S maximum about 34.6 ppm, water from east
subtropical Pacific
California Current water; 75-125m, S minimum 33.6-34.0 pp, relatively cool (15-18°C)
Gulf water; surface-75m, S very high (34.8-35.2 ppm)

Fig. 2 (Roden 1972, Fig. 4) shows geostrophic velocity across the section relative to 1500 db.

Note (a) California Current water is concentrated on east side of section, Gulf water on west.

(b) Geostrophic outflow very strongly concentrated on west; sense of circulation viewed
from above gulf is thus counterclockwise (cyclonic).

(c) Outflowing salty water is at surface, not (as in Gibraltar) at depth.

(d) These geostrophic flows are not constrained to conserve mass; inflow is 10 Sv and
outflow is 12 Sv, discrepancy far too large to be precipitation, must be reference
level choice, even so westward intensification of outflow probably survives correct
choice.

(e) The deep O2 minimum persists into the Gulf; bottom conditions in eastern Guaymas

basin are anoxic where it touches bottomn, sediments are undisturbed and individual years can be
recognized in layering (Baumgartner et al, 1985).

Guaymas-Santa Rosalia Line.

Fig. 3 (Roden, 1964, Fig. 10a) shows T, S and O7 just south of the Guaymas-Santa
Rosalia line.

Below about 300 m the water is clearly of Pacific origin; the intermediate water salinity minimum at
800-1000 m is only slightly diluted relative to its value at the entrance (34.5->34.55 ppm), the
associated oxygen minimum extends from 400 - 1000 m.

Above 300 m structure is variable. Sometimes (Fig.4b; Roden, 1964, Fig.11b) high salinities are
found to the west and low salinities to the east, as the entrance counterclockwise (cyclonic)

circulation pattern would suggest, but this is by no means always the case (Fig. 4a,c; Roden,
1964, Fig.1ia.c).

Bray (1988a) has worked up geostrophic flow across the Guaymas-Santa Rosalia line for
all the months for which data were available up to 1986. Fig. 5 (composite of Bray, 1988a, Figs.

6 8 for line 50) shows this flow relative to the density surface 6¢=26.8 at roughly 400 m.
Circulation is counterclockwise (cyclonic) in summer (June, August) as well as in late winter
(March) and spring (April). But in May and October flow along Baja California appears to be
northward, and the pattern in November is not simple. No simple seasonal pattern for the
circulation thus emerges.



Yet there 1s clear evidence of seasonal upwelling. Vertical profiles of temperature averaged
over November 1984 and May-July 1984 at Guaymas and Santa Rosalia are shown in Fig 6
(Merrifield and Winant, 1989, Fig. 8). They show coldest surface water and the lowest vertical
gradients in winter at Guaymas (when winds generally blow down gulf) and in summer at Santa
Rosalia (when winds generaily blow up gulf). An upelling episode has been documented by Badan
et al (1985) in IR satellite images taken in late March and april of 1980. Fig. 7 (Composite of Fig.
2 and Fig.4 of Badan-Dangon et al, 1985) shows cold water appearing along the eastern edge of
the Gulf from Tiburon almost to Topolobampo over a period of about a week, apparently in
response to a burst of down gulf winds. The cold plume stretching westwards from about the
location of Guaymas is frequently observed in satellite images of the Gulf. I know of no direct
observattons of the depth to which it extends. It might be partly responsibie for the complexity of
salinity and geostrophic circulation along the Guaymas-Santa Rosalia line evident in Figs. 4 and 5.

Given the suggestion that seasonal upwelling occurs, and given particularly the event
documented by Badan-Dangon et al (1985), it is remarkable that measured currents offshore of
Guaymas do not respond sirongly 0 fluctuations of the wind field over the Gulf. Fig. 8 shows
stick plots of currents measured across the Guaymas-Santa Rosalia line at moorings maintained
from May to October of 1984 (Merrifield and Winant, 1989, Fig. 19), and Fig. 9 shows the
alongshore component of velocity at Guaymas, Santa Rosalia and the midpoint of the line between
them together with the wind stress (Merrifield and Winant, 1989, Fig. 20). There is little
correlation between wind events and current events.. This is in marked constrast with the situatton
in upwelling regions such as the California coast, where there is very significant correlation
between alongshore currents and alongshore winds. Table 1 summarizes such correlations for a
number of regions, including the Guif of California (Merrifield and Winant, 1989, Table 6).
Merrifield and Winant suggest that the reason for this is along the California coast stratification is
weaker and winds are stronger than in the Gulf. The appreciable variability over time scales of
days to weeks that does appear is generated outside the Guif and propagates into the Gulf in
coastally trapped continental shelf waves (Merrifield and Winant, 1989); this part of the variability
will be examined in a later lecture.

The longest records of the 1983-1984 deployment of current meters along the Guaymas-
Santa Rosalia'line provide a little more information about the seasonal pattern of circulation. At mid
basin the 50 m flow shifts from up guif to down gulf in September 1984, at the same time the wind
stress shifts to down gulf and the 10 m flow at Santa Rosalia shifts from down gulf to up gulf
(Fig. 10; composite of: wind stress Merrifield and Winant, 1989, Fig. 19; M11 10 m current at
Santa Rosalia May-Nov 83, M9 50m midbasin currents May-Nov 84 from Merrifield et al, 1987).
This shift does not penetrate up over the shelf to Guaymas (Fig 11; Winant and Merrifield, 1989,
Fig. 17). Bray's May 1984 geostrophic flow across the Guaymas Santa Rosalia line (Fig. 5)
shows up guif flow at Santa Rosalia and down gulf flow in mid basin; it thus appears to reflect the
situation just before flow at Santa Rosalia shifts to down gulf flow in May-June of 1984 (Fig. 11).

On interannual scales the circulation in the upper waters of the Gulf appears to be strongly
influenced by El Nino events. The seasonal cycle (excluding El Nino years) of water properties
along the Guaymas-Santa Rosalia line is summarized in the TS plots of Fig. 12a (Robles and

Marinone, 1987, Fig.3). The lowest salinities (34.8-35.0 ppm) occur on the 0§=24.5-25.0
surfaces (upper hundred meters in late summer and near the surface at other times). There is a
seasonal salinity minimum from June through August, evidently of California Current water
origin. But similarly low salinities appear on these surfaces in March and October of 1983 (Fig.
12b,c; Robles and Marinone, 1987, Fig. 2b,g). Robles and Marinone argue from high salinities
observed very near the coast at Guaymas in 1983 that these low salinities are not the result of
anomalously high precipitation but rather are associated with the strong El Nino of 1982-3 (based
on indices of Quinn et al, 1978).
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The anomalous water is however not simply California current water because it is
anomalously warm as well as anomalously fresh. It is evident from Fig. 13 (Robles and
Marinone, 1987, Figs. 7 and 5) that monthly mean sea level at Guaymas is anomalously high
during El Nino years. The positive anomaly of sea level during El Nino had previously been
documented in Gulf-wide average by Baumgartner and Christensen (1985), who found that gulf-
averaged sea level anomaliies respond only to Pacific-wide indices of El Nino but not to Pacific-
wide indices of north Pacific gyre variability (Fig. 14a,b; composite of Fig. 2, Fig. 3, Fig. 9,
EOF's Figs 5,6,7, Table 2, all from Baumgartner and Christensen, 1985). The anomalouswater
that was carried into the Gulf during the 1982-3 El Nino must thus have been a mixture of fresh
California Current water and Warm Subtropical Subsurface water; how this happens in EI Nino
years is not well understood.

Exchange Between the Northern Gulf and Guaymas Basin.

Because the northern Gulf is broad and exposed to dry winds from the deserts to the north
and east, it is natural to suppose that evaporation is great there and that, consequently, the northern
Gulf should be a source of saline water. It is tempting but incorrect to further suppose that the
exchange between the northern Gulf and Guaymas basin across the intervening shallow sills is in
the same sense as the exchange between the Mediterranean and the Atlantic across Gibraltar, where
salty water flows out of the evaporative basin just at sill depth. It turns out that although the
northern Gulf is indeed a source of saline water because evaporation there is intense, the northern
gulf is actually heated by the sun-atmosphere so that it produces saline but warm water. That water
leaves the northern gulf over the sills near the surface. Consequently water at sill depth flows from
Guaymas basin into the northern Gulf.

Various estimates of insolation, back radiation, latent heat flux and sensible heat flux in
annual average over the northern gulf are summarized in Table 2. They are due to Roden and
Emilson (1979), Lavin and Organista (1988), Bray (1988a), and Paden (1990). The estimate of
Roden and Emilson (1979) implies that the northern gulf looses heat to the atmosphere, but this
now appears to be an artifact arising from overestimation of wind speed and underestimation of
relative humidity (Lavin and Organista, 1988); their estimate of evaporation in the northern Gulf
was over 3 m/yr. Lavin and Organista (1988) extrapolate coastal data from 1979 to 1986 over the
northern Gulf to obtain an estimated yearly evaporation of about 0.9 m/yr. Paden (1990) uses
meteorological data from the network of stations maintained in 1983-1984 (Merrifield et al, 1987)
to obtain a one year average evaporation of about 1.6 m/yr. Bray (1988a) estimates the heat flux
across the Guaymas-Santa Rosalia line using the monthly averages (where available) of
temperature, salinity and geostrophic velocity shown above in Fig. 5. If all the estimates of Roden
and Emilson (1979) shown in Table 2 except the very high latent heat loss are accepted, then

knowledge of the total heat flux results in a reduction of the latenet heat loss from 300 w/m? to

about 100 w/m? (third column of Table 2). This corresponds to a northern Gulf yearly evaporation
rate of .95 m/yr.

Bray (1988a) estimates the annual average exchange of water across the Guaymas-Santa
Rosalia line to be about 0.9 Sv. In accord with the fact that the northern gulf both evaporates and is
warmed, this exchange has to involve cold Pacific water flowing up gulf at depth and warm water
of northern gulf origin flowing down gulf near the surface. Such a pattern is clearly visible in the
average across the Guaymas-Santa Rosalia line shown in Fig. 15 (Bray, 1988a, Fig. 17). It is
clear that this meridional exchange fluctuates strongly with season, being most intense in the
summer. Whether causally or coincidentally, the surnmer months are the time when the net heating
of the northern gulf is most intense while the northern gulf actually looses heat to the atmosphere in
the winter (Fig. 16; composite of Lavin and Organista, 1988 Fig.2 and Paden, 1990, Fig.6 of
Ch. 3). When the exchange is strongest, in the summer, the outflow of saline water from the
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northmm guif occurs not right at the surface but some distance below; the northward flow of water
right at the surface 1s presumably driven by summertime up-gulf winds.

Exchange Between Canal de Ballenas and Guaymas Basin.

Exchange between the northern guif and Guaymas basin takes place through the narrow
channels that connect Guymas basin (to the south) with Canal de Ballenas via the San Lorenzo sili,
and with San Esteban Basin via the San Esteban sill. Both portions of this exchange are lumped
together in the exchange across the Guaymas-Santa Rosalia line documented by Bray (1988a).

The exchange across San Lorenzo sill has been examined directly by Badan-Dangon and
Hendershott (1985, 1991). Current meter measurements over San Lorenzo sill in November-
Decermber 1984 and January 1990 showed strong flow 10 meters from the bottom into Canal de
Ballenas from Guaymas basin. The January, 1990, record is shown in Fig.17 (Badan-Dangon et
al, 1991, Fig. 1). The flow at 10 meters into Canal de Ballenas is most obvious at neap tides,
when tidal currents are least energetic. 100 meters above the bottom the subtidal flow is from Canal
de Ballenas to Guaymas Basin. An acoustic doppler logger profile of currents along a line in
Guaymas basin crossing the in/out flow over San Lorenzo sill exactly at slack neap tides (Fig.18;
Badan-Dangon et al, 1991, Fig. 2) clearly shows deep flow into Canal de Ballenas and higher
outflow. The exchange in this section amounts to about 0.2 Sv.

A north-south section (Fig. 19; Alvarez-Borrego et al, 1978, Fig.6) of properties along
the entire gulf passing over San Lorenzo sill and Canal de Ballenas into the northern gulf suggests
why this Mediterranean-in-reverse exchange might persist. Water columns just north of San
Lorenzo sill in Canal de Ballenas are much warmer and hence less dense as well as more vertically
well mixed than water columns just south of San Lorenzo sill in Guaymas basin. This density
distribution can support a horizontal pressure gradient force that is into Canal de Ballenas at sill
depth but out of Canal de Ballenas higher up in the water column.

The difference in water properties between Canal de Ballenas and Guaymas basin points to
strong inputs of heat, salt and oxygen either from the surface or from the far northern gulf through
the northern end of Canai de Ballenas. The vertical near homogeneity of the water columns in
Canal de Ballenas is probably maintained by vertical mixing associated with the very strong tdal
currents that flow over San Lorenzo sill and in the narrow (5-10 km) channel itself.

Badan-Dangon et al (1985) document the continued presence of anomalously cold surface
waters in the vicinity of San Lorenzo and San Esteban sills. Evidence that this is maintained by
tidal mixing is given by Paden et. al. (1990), who find that the amplitude of the EOF of sea surface
temperature that contains most of variance of temperature of this cold patch (Fig. 20; Paden,
1990, Fig. 14) is very well correlated with the spring-neap tidal cycle in the northern Gulf (¥Fig.
21; Paden et. al. , 1990, Fig. 20). The continued presence of cold water at the surface in these
regions there raises the net yearly averaged air-sea heat flux to the highest values it attains in the
entire gulf (Fig. 22; Paden, 1990, Fig. 6, Ch. 3).

A significant part of the total exchange between Guaymas Basin and the northern gulf thus
appears to occur across San Lorenzo sill and through Canal de Ballenas. We do not however know
how much of the exchange across San Lorenzo sill continues through the length of Canal de
Ballenas to its northern end as exchange between Canal de Ballenas and the far northern gulf.
Direct current meter measurements at the north end of the channel shown in Fig. 17 (Badan-
Dangon et al, 1991, Fig. 1) suggest far less exchange there than occurs over San Lorenzo sill, but
a comparison of these with hydrographic and doppler logger measurements has not yet been
carried out.
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Water Mass Formation in the Far Northern Gulf.

The far northern gulf (e.g. the northern gulf excluding Canal de Ballenas) is clearly a
source of saline water in yearly average. But the processes that produce this water and get it from
the regions where it is formed to places in ultimately in communication with San Lorenzo and San
esteban sills are not well documented.

Evaporation over very shallow water is known to produce high salinities in the far northemn
Gulf. In March 1973, Villasenor (1974) found salinities greater than 36.0 ppm in the old Colorado
River delta at the very tip of the northern gulf. Salinities above 35.7 ppm were found
(counterclockwise) a'-ng the coast from Puerto Penasco to south of San Felipe (Fig. 23;
Villasenor, 1974, Fig. 10).

This water probably is carried southward by the large-scale horizontal circulation of the far
nwthern gulf, and is mixed both laterally and to depth by tidal mixing (particularly in shallower
water) or vertically by localized convection.

Virtually nothing has been published about the wind driven subtidal flow of the northern
gulf, although it is likely to be particularly energetic in wintertime when strong winds away from
the high pressure region then commonly found over the southwestern U.S. Likewise, residual
tidal circulation is probably of importance since the spring tidal range, and tidal currents, are so
great in the northern gulf (Quiros, 1983). Bray (1988a) has worked up the geostrophic circulation
across several lines traversing the northern gulf from west to east. The pattern is not simple,
although a counterclockwise (cyclonic) component dominates the summer months (Fig. 24; Bray
1988a, Fig.5,6,8 for line 500). A spatial map of 10/100 dynamic height in March 1985 shows
clockwise (anticyclonic) circulation roughly centered over Wagner Basin (Fig. 25; Bray 1988b,
Fig. 15).

The center of this anticyclonic gyre contains water of salinity greater than 35.3 ppm
(Fig.25); it must have come from the very shallow coastal rim of the far northern gulf (Fig.23).It
does not however there extend to the bottom (Fig. 26; Bray 1988b, Fig. 16). Instead convection
from surface to bottom appears to have occured further to the north, at the head of Wagner basin
where the depth is about 160 m. Evidence for this is the presence of high salinity bottom water
here but not at neighboring stations (Fig. 27; Bray 1988b, Fig. 9), and the great variability in
vertical profiles there over about a week (Fig. 28; Bray 1988b, Fig. 8).
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TABLE 6. Comparison of Stratification, Wind Saress, and Wind-Current Correlations Measured During Different Field Studies

) . Correladon Berween ’
o Brunt-Vaisala Mean St Dev. of Near-surface, Midshelf
o Frequency © Alougshelf - -Alongshetf ~ ~ ~ Alongshelf Current 3
periment Nepd Wind, <>, Pa Wind, 7", Pa and Wind (v,t/)
CODE-2 . 100 012 012 0708
NSFET9 (winter) 30 001 027 Y
5. California (winter) 50 . ) 0.01 041 o9
NSFE79 (summer) 250 .01 0.05 " 036
Guif of California (winter) 140-170 -0.01 0.02 02
Peru . ' 100 0.06 0.01 0.18
Gulf of California (summer) 190~240 0.0l 0.01 '
SC ii mei.l (S } ~ R - 150 - E—. . o - e v e amem 0:0! R, .. _g.%

Table 9~ Air-Sea Fluxes for the Northern Gulf of California (references in text)

Rodenand  Lavin and Bray Paden
Emilson Organista
Insolation 290 206 270 243
(w/m2)
Back rad. =75 -52 -95 -53
(w/m?)
Latent -300 -67 -110 -109
(w/m?2) -82 -80
Sens. -30 -4 -45 -7
(w/m?)
Net -115 68 20 71

(w/m?) 83 50
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Figure 2

Time series of winds measured at a height of 1000 mb Jrom
radivsonde launches at Empalme during [980. The vectors have
been rotated so that the general orientation of the Gulf is vertical
on the page.

Figure 4

Sequence from March and April
illusirating the temporal evolu-
tion of upwelling plumes off the
easi coast and the southward
extension of the Bailenas Chan-
nel fronts. In this and subsequent
figures, the arrows indicate the
wind averaged jfrom the nwo
radiosoundings taken on that
day. The diameter of the circle
in the arrow provides the scale of
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MERRIFIELD AND WINANT: GULF OF CALIFORNIA SHELF CIRCULATION
I

TABLE 4. Correlations, as in Tabke 2, for Alongsheif Currenrs During the Four [nstrument Deployments

18.152

Insment Maximum
Location Correlation Correlation Lag, days
November 1982 10 May 1983
GY M7 -MT, 0.82% 0.0
May-November 1933
GY-TO Ml 0.49* 0.60* L1
GY-SR - Mﬁ"" . 028 00
November 1983 10 May 1984
GY-SR M7, ~MI1 0.07 0.0
May-November 1984
GY m —M6 214 051+ 22
m_ - Mi"" 014 024" 1.0
Mo 0264 0.0
Ms"" -mé 0.35* 0.52e 13
SR Ml?:' mil .86 0.0
sl - 0.34% 00 3
MY - M1 055+ 0.0 -
MI0)" ~ M1 0.94* 00
TO M1 M 0.78* 00
BA Mo M 0.90* 0.0
M9~ Mo 041 00
TOGY MI- M8 008 0.30* 1.9
GY-BA M6 ™ - M9, " 015 .46 33
ME - M9 0487 053+ 10
BA-SR Moo= - Ml 0540 0.65* 2
M9 - MIL " 55+ 21 .

Starions are TO, Topolobampos GY, Guaymas; BA, Guaymas Basin; SR. Santa Rosalia.
* Above 95% significance

Wind strass .05 A, A'JJAMLVAVAAIM ~ A LA P :

V M8, 28] "\J\'ﬁ N A AA | c\VM m AAAJ-;AVAVA vaﬁ_ A
Guoypmas  —ga] T \r\\/\]\}\l\/ v .'V 3

g: L, gam e RS B Ceer . _.'. - . Q
M 30‘7 \VASE S Awa "\/v "V'V“AMA’J\M A
: ) "“\f\/_\f 1

- . (R . .

llllll."l“![!tL!‘l!Ll]Ililll]l.lL
1984 - 14W\Y7.,11 JUN x.-QJUL -‘;-35E.P L1 ocT ,,ZSOCT

Fig. 20. Compqrmofalonphall’mmsmﬂzbunmtthulymnmSmnRoulnshelves.mdvmdmm;mc
summer-fall 1984 deployment. - - - .

Ge 9




(W

L¥YdY M3A3M INO 3dY SHOIL €g MNI
AON EL 120 91 d3S 8l oY Le " ve NOT 92 AYW &6¢ AV L ¥
It _ T 1 1 M ! I _ i Pl _ 1 1 ﬁ b 1 _ T 1 [ _ I { I _ AIHV
| A 8/ud @i~
— :_ (' Py JU ATl r 1 — {1 i l_ u—%lmcoz

£ ORI 0 d R M) ey ‘ ___4_ o/uo o+

€8 AON - Aew  wiQL = tpdop
SLNTHYND : TITR

Bfws @~

_.—: ! ___: ___ Al __:,__:___‘ % %)}(gfjll.\eu ai+

8 AON - >§ w)g - 5%—0
SLNIYEAD : 6K

4] By

1510 Mg

00"  ssons pumy
{0}

ot’

vd

/>



A Y e, L Mh AU UL g
CONFY IV YU " TN ’ ’

Guoymas 0
Alangsheif
-25 .
257 [
Croas—sheil 01 [
=25 - L
25 A )
Sante Rosalia | 5
Aangsheif L}
~25] L
25 [
01 2ty Byt RM%‘WWAWW -
cross—shalf [V Y
-25)] 3
2 T T O N T A A N OO N A D N OV SN N N S N
0 J F M A M J J A S C ND J84 F M A M J & A S O N

Fig. 17. Low-irequency anrens at Santa Rosalia (M11,, ) and Guaymas (M7, from November 1982 w Apeil 1983, M7, from
May~August 1983, M7, from September-October 1983. M7, from November 1983 to April 1984, and average berween M6,
and M8, for May--November 1984). -

Ge |



J. Ma. RoBLES and 8. G. MARINONE

3 ) / 2% 7 Fhvgst
] / /
/
/

Qcte ln 3 e

i ! . }"'"

20 - Baylhf!

’ L/ /
. Mere
A

Jepruary

°C
N~

tal

= 4
e

st —
< I3
x .
79}

(=9 B
=

- j
[—

e A S m
340 345 350 355 36.0 365

SALINITY PPT

3. Mean monthly T-S seasonal cycle at the Guaymas Basin from all T-S data in Fig. 2

GC @



°C

TEMPERATURE

b) MARCH

2200

355
PPT

350
SALINITY

345

°C

TEMPERATURE

- g v

L S

30 ] -/.,_-,_r.\o ‘/[gaf" \ /T
L— Pyl B0

25- 1983. ”t ‘ S
5 e

20+ '

Ge phe



Centimeters

"15_ I
| |
T I

II’Y'Ii‘erY[IV‘I rr.-"
55 60 63 70 79 80 85

Years

Fig. 5. Monthly sca level anomalies at Guaymas for the period 19521984, Positive values
indicating episodes of El Nifio are shaded. Soiid lizes on the ume axis denote cruises from Table
1, when hydrographic data were collected at the Guaymas Basin.

_ 4) GUAYNAS

-]

E

=

= g

- ] -

S -50 1

= 5 v s W 5

= oo LEN EN__EN EN, EN _ENEN LEN
57-58 81 &5 ) 7203 15°T6§ 8283

b) SANTA ROSALIA

{mm)

s o

[=] (=3
wacedeaaal i iaa

pEL i
D o A i
g 0 uFVW“N%“}l fV%f‘ '%w j%?#q
s 5Lf EIU h 6:5 . ?‘U 75 Bzc h 8:3
YEARS

Fig. 7. Monthly rain anomalies (MRA) at {a) Guavmas and (b) Santa Rosalia for the period
1957-1983. Ei Niio years (EN) and their intensity {S=strong, M=modcrate and W=weak) after
QumNN er al. (1978) are aiso shown.

GCIX )



Y

i

2

(6'66<)
£y 0 - A
(666<)
61 90 v -
(066<)
s — PO — 6r —
(666<)
74 s -
£ 4041 7401 t 409

*$JUDLYI0I UK LS00 3Y)
#0[3q SISOy I U) UMOLS L §,062 Saouray1uBIg “EIuI0) L) JIMO| PUB 00LR N UIIINOS

|243f B2g
BIUIOJI[BY) 23407
[EYETRERIS

031X WIRIN0S
asmsradwa
Blusojlje) Jo JInt)
[a43] 83
BlLIOjIIBRD JO JIND)

G

¢ asnfig up 18 paduwliv 5o11as [BurBLIQ "aIndy
Jjo doy 1e payiold sa[qUIEA SNTWID JjOWal JO uonounjuadis puooas jo §aLIs WL 9 andly

SUvaL .
Ty

10 15203 9] JJo §]9a3| vas JuuoIFal Yim DUB BIUIOH[ED JO JIN1) 9Y) u) 3INBRGWD) doys pue H ,
1343 vas [eueidal pue sd|qELIEA ROWL AY) JO 5 40 £ 1B uImiaq (+4) suonB|AIO] "7 g8 L w ow o5 og- ,
) ‘(znioBujEg o8 'oojndpoy . npe
.< ‘oJIuBZUBY ..:2 .=u=unu2 .ni .uum 87 (] ‘odweqojodo] 1, 'sewieny) i) ‘epeuasuy 1y K v 0w 0§
0821 ues QS !PBuy S0 1) "duiw 1a8uf U0 UMOYS 318 $3FRI9AR [vU0iBal FINdINGS 0} pasn 205 69
SUOLIB)E JO UOIIBOOT "BIUIOJIB]) JOMO| PUB 0DIXPN UIOYINOS JO [9A3] EIF |B)8E0D JO saFulaAN "y 00) X 9dN3
[eu01331 01 paseduiod BJUIOJIIED JO JIRD Y3 WOLJ $I1[FUOUE [9A2| §99 AjyIuow pRIANLY 16 9indiy : S .
SHviA , v v
- oy
_ ¢ 403
; ‘UMOYS 2IE JOF S1Y} 03 SDUBLIEA 113Y) JO 440 ] UBY) 210w FunnglHuod
31495 35011 AJUQ) "W PUB twd u) udAIF SUN 1paE)|BLIIOU JOU 3B 313y panoyd sauas jeuldiio jo
001~ saoUBIEA "JOF Y1 U SOUBHIEA JO ISUS Yim 20.58 0} parsvaul 3w (Fy) siuawa)e 101224ud812
) aanedou Yl 1S 403 51 01 (Y4001) uotingriuco Jusaied 4y 01 Fulpsodde mop3q
N padursie s3s jouiSIe) SARURLICA PIZIFULLIOU [B]01 SY) JO SHUN U UONOUNjUIBLD JOj 9|BDS
ool [E311134 210y Jo doy 1€ Paniojd 59|qBIIEBA I)OWAL jO MOLIUNJUIBI 153y Jo $3IAS WL ¢ aanfig
SHY3A
) ) IR T I - Y R
EINLAR-EL
14|
. *¢ 21n81d wi se poduniie 591138 _uc_uco
-undy jodoy e vozo_._ 832._!_. NBUIYD A0WDJ Jo UOTIdURJUIT ity Jo sas L L aandiy LI
SHYIA %03 o5 0%
ot LENCL T L N 3 —— %29 LAY L
[P ] %pl ot °OF
w08 6
o05- %98
‘oo 0s-

¢ 403

'}

| 403



A TOTAL TRANSPORT

ni m! . ltt-|

0 | L Il 1 ; 1 1 1 i L
UAN FEB MAR APR MAY  Jud ALY AUG SEP  OCT  NOV

B VERTICAL STRUCTURE OF TRANSPORT {10? m®- sac™)

IYNSE

MAY JUN AUG

o
1

DEPTH, db

C AVERAGE SALIMITY
349 ~
L]

14.8 'L\ 1 | | 1 1 1 L

"CAN  FEB  MAR  APR  MAY  JUN JLY AUG  SER  OCT  NOV
D VERTICAL STRUCTURE OF SALINITY (ppt}

ol

-2 0.2

g ° P

r

-

= 500

FEB MAR APR MAY JUN AUG
E MAERAGE POTENTIAL TEMPERATURE
14 . .

- Ia

10 ] 1 1 Il l 'l l L 1 L
JAN FEB MAR  APR  MAY JUN JuY AUG SEP OCT NOV

F VERTICAL STRUCTURE OF TEMPERATURE [*t)

-4 04

0 TIYTW? -
v

500 FEB MAR APR  MAY  JUN

Fig. 17. Transport, salinity and temperature across line 50 (Guaymas to
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plotted as a function of time (Figures i7a, 17¢ and 17¢ for transport, salin-
ity and temperature, respectively). Also shown is the vertical structure of
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Figure 20,
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DAY 1984

Comparison of the detrended gradient mode 1 amplitudes for indivi-
dual images between 28 August 1984 and 4 December 1984 (solid
line) and the maximum daily tidal range at Puerto Penasco (rescaled
for plotting). Maximum correlation (r=0.56) occurs at a lag of 4
days, with the largest SST gradients occurring approximately 4 days
after the largest tidal ranges.
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Figure 7.

Spatial distribution of net surface heat flux (W/m2)
for the northern Gulf of California.
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Fig. 15. The anticyclonic gyre found in the northern gulf in March 1985: (@) salinity at 10 m, (b} dynamic height at 10 m relative
to 100 m, and (c} velocity vectors derived from the dynamic height field, Note the high-salinity water tranped within the gyre, well

in the north-south coordinate} are presumably associated with strong vertical mixing.
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BRAY: WATER Mass FORMATION IN THE GULF OF CALIFORNLA
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Fig. 8. Short term variability of water mass characteristics in the Wagner Basin during March 1985. Three stations were occupied
at the same location in the center of the basin on the March 12, 19, and 20. These stadons occurred 9 days after, during and 1 day
after substantial storms, respectively, as can be seen in the wind records shown in Figure 10. Shown here are (a) temperature, (b)

salinity, {c} density, and (d) potential temperature versus saliniry for the three stations.
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