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Dynamic topography of the sea surface in the equatorial Atlantic
by Eli Joel Katz1
ABSTRACT
From h istoric meridional sections of the central equatori al Atlantic it is shown that the dy•
n amic sea surface topography varies ex tensively during the yea r. The mean differences in height
between the cou ntercurrent trough, the equatorial ridge, the equatori al trough and the south
equ atorial ridge are reduced 50 % or more in February through April relative to July through
September. This vari ation is in phase with the seasonal variation of the east to west rise in ele•
vation across the equator. A pre liminary rel ationship between the geostrophic transport of the
North Eq uatorial Countercurrent and the countercurrent depression is derived from the d ata.
Direct cu rren t measurements in the Sou th Equatorial Current between 2N and 2S by a group of
investigators during 1979 show a mean change of 10-25 cm / s in th e surface current during the
year, with relatively small currents when the equatorial depression is shallowest.

1. Introdoctioo

In the western and central tropical Atlantic and Pacific Oceans, the dynamic
topography of the sea surface is characterized by a superposition of an east to west
rise and a series of zonal ridges and troughs. The transoceanic sea surface slope of
the Atlantic has been discussed by Katz et al. (1977). The Pacific has been discussed
by Knauss (1963), Wyrtki (1975) and Meyers (1979) among others. The boreal
spring is the season of minimum slope and minimum wind stress along the equator
in both oceans. Maximum mean slopes are comparable (7-8 dynamic cm per ten
degrees of longitude).
The ridges and troughs in the Pacific have been quantitatively described by Reid
(1961) and Wyrtki (1974a, 1974b). Between ION and !OS Wyrtki identifies, in the
western Pacific, a countercurrent trough (9N), an equatorial ridge (3N), an equatorial trough (0'N) and a south equatorial ridge (between 7S and 15S). Wyrtki
(1974a) first describes seasonal differences in height differentials between crest and
troughs from long term records of sea surface heights at selected Pacific islands and
then demonstrates (Fig. 3, 1974b) that interannual differences have been, in many
years, as large or larger than the average seasonal difference.
A recent analysis of historic data in the Atlantic by Merle (1978) shows that the
t. Lamont-Dohe rty Geological Observatory of Columbia Un iversity, Palisades, New Yo rk, 10964,
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Figure 1. Mean annual dynamic height, 5/500 m, after Merle (1978). Values are dynamic
centimeters. About 16,000 hydrocasts are included and between ION and !OS the data was
averaged in a square 4 ° of longitude, 1° of latitude.

Atlantic, averaged over the year, has a parallel topography (Fig. 1). The difference
between this picture of the Atlantic and Wyrtki's (1974a) western Pacific is the displacement of the North Equatorial Ridge in the Atlantic to north of 20N and the
presence of the southernmost low in Figure 1, which is at best a poorly defined
feature in the western Pacific (170E to 140W).
In the Atlantic, in contrast to the Pacific, it is expected that the seasonal variability will dominate the interannual changes in the dynamic topography. There are
theoretical studies and observations which support this expectation (Philander,
1979). Cane (1979) for example, numerically models the development of an equilibrium current system within a few degrees of the equator after a sudden onset of
a steady wind. He concludes that the Atlantic will be in close equilibrium with the
seasonally varying winds, while the wider Pacific will not. The annual cessation of
upwelling in the Gulf of Guinea compared to the occasional El Niiio along the coast
of Peru offers a dramatic example of an interannual event in the Pacific, related to
mid-ocean changes, whose counterpart in the Atlantic is seasonal. Merle, Fieux and
Hisard's (1979) analysis of sea surface temperature in the eastern Atlantic yields
a measure of the weakness of interannual variations. They report that the standard
deviation of the annual variability in sea surface temperature is five times greater
than the standard deviation of its interannual variability, both along the coast and
in ·the open ocean. A direct comparison between the sea surface temperature of the
two tropical oceans is reported by Weare (1977) who finds that the nonseasonal
variance (of the first tropical empirical orthogonal function) has a characteristic
period of a few months in the Atlantic compared to a year or more in the Pacific.
The historic data base for examining the meridional topography is at best marginally adequate. Merle (unpublished work) has already used the historic data to
compute climatic averages in narrow zonal bands and compared these by months,
but expressed concern over the reliability of the results. The method has three prob-

1981]

Katz: Sea surface topography

55

Table I. Listing of meridional sections.
Ship
CASCO
CRAWFORD
DEZHNEV

Date
8.8.63
2.9.63
3.9.63
7.3.74
7.10.74
8.3.74
8.11.74
9.5.74
9.12.74

Meridian
25°W
25 °W
3o•w
25.5°W
23.s•w
25.s•w
23.5°W
25.s•w
23.5°W

Ship
EXPLORER
KNORR
LASERRE
LOMONOSOV
PILLSBURY
TRIDENT
VIZE
ZVEZDA

Date
2.26.63
3.25.63
10.24.72
8.17.63
2.3.70
9.7.63
7.20.74
8.5.74
4.23.69
4.2.63

Meridian
15•w
15.5°W
36°W
33•w
24.s•w
2o·w
28°W
28°W
3o•w
2o·w

Notes: Date and meridian refer to station made at the equator. Some sections cut across meridians.
All but two sections extend from at least lON to 8S.

!ems: interannual differences may appear as seasonal differences because of uneven
sampling in time; it assumes a strict zonality across the ocean; and it compares data
which may be systematically biased with one another. In the present analysis we
limit ourselves to meridional sections made by single ships, and compare only relative height differences between peaks and troughs wherever they occur. This method
removes the latter two problems. Possible interannual differences remain as one of
the causes in the scatter of the results.

2. Thedata
Nineteen meridional sections have been examined to describe the annual variation
in the dynamic height profile of the surface relative to 1000 m (Table 1). The data
are predorninently from 1963 and 1974, the years of the EQUALANT and GATE
international experiments, with one section each from the years 1969, 1970, and
1972. The profiles of dynamic height derived from these sections vary between
two extremes: one where the ridges and troughs are well formed, the other which
is mostly amorphous (Fig. 2). The July profile can be compared directly with the
annual mean profile of the western Pacific (Wyrtki, 1974a, Fig. 1); the February
profile is unique to the Atlantic. The entire Atlantic data set is summarized in
Figure 3 in terms of relative heights for each meridional section. The countercurrent
depression' is related to the geostrophic forcing of the North Equatorial Countercurrent (NECC). The equatorial depression is possibly related to the forcing of the
South Equatorial Current (SEC).
2. The term depression is being introduced to denote height differences. The countercurrent depression is the difference in height between the equatorial ridge and the countercurrent trough, measure A
in Figure 3. The equatorial depression denotes both the difference in height between the equatorial
ridge and the equatorial trough, measure B, and the difference in height between the equatorial trough
and the south equatorial ridge, measure C.
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Figure 2. Examples of meridional profiles of dynamic height, 0/ 1000 m. Upper graph is by the
LOMONOSOV in 1970 (dots, Jan. 17-Feb. 3; X, Feb. 27-Mar. 6), on a SE diagonal north of
6N and along 24"30'W south. Lower graph is by the DEZHNEV in 1974 (dots, June 28July 6) along 30W south until 5N, multiple stations along 5N until 25 • 30'W and then south;
(X, July 7-July 16) north along 23"30'W.

The scatter in the data and the uneven distribution of the data by month limits
us to the simplest of conclusions: the topography steepens and shallows in phase in
the 20° band centered about the equator in the central Atlantic. The average values
(and standard error of the mean) for two three-month periods are given in Table 2.
The countercurrent depression is apparently present throughout the year, but
doubles in mean depth. For a four degree band about 6N, the average geostropbic
surface velocities corresponding to the dynamic heights of 12 and 24 cm are 18 and
35 cm/ s. In fact, it bas long been stated that the countercurrent is weakened at the
surface in the boreal winter by the northeast trades and, therefore, for the most
part, confined to subsurface layers (e.g. Khanaychenko, Khlystov and Zhidkov,
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Figure 3. Depth of the countercurrent depression (A) and equatorial depression (B) and (C) at
different months. See Table I for source of data. Average of two highest ridge and two
lowest trough values used to obtain A, B and C .

1965). Direct measurements of the countercurrent with which to substantiate this
belief are rare (excluding reports of ship drift which combine effects of both wind
and current). Bubnov and Egorikhin (1979) and Lass, et al. (1980) have recently
reported direct current measurements: the former during the GATE experiment, the
latter during the FGGE experiment. The GA TE data are presented as three week
averages from moorings (with some gaps filled by hydrographic stations) during
July through September 1974 and indicate maximum surface currents of 40-60
cm/ s, with our computed 35 cm/s as a fair average of the 4-8N band. The FGGE
data are two sections of current profiles in May and June 1979, but do not extend
farther north than 6N. The May section shows at best a weak and discontinuous
countercurrent; the June section shows a maximum eastward velocity (30 cm/s)
about 50 m below the surface.
With such few direct measurements, all that remains is to estimate the transport
of the countercurrent by assuming geostrophy. This requires an arbitrary assumption
about the reference level and accepting increasing uncertainty as one approaches
the equator. The geostrophic transport for a subset of the data in Figure 3 is shown
Table 2. Mean depth of countercurrent and equatori al depressions (dynamic cm).

Countercurrent
depression (A)
Feb.-April
J uly-Sept.

12.3 (2.1)
23 .9 (1.4)

Equatorial depression
(B)
(C)
5.6 (1.1)
16.3 (1.5)

2.3 (1.6)
11.9 (1.0)
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Figure 4. Geostrophic volume transport to 500 m versus depth of countcrcurrent depression (A).
Data from CASCO, CRAWFORD (2), DEZHNEV (3), LASERRE, LOMONOSOV and
VIZE. See Table I for details.

in Figure 4 as a function of the countercurrent depression. The calculation uses a
1000 m reference level, vertically integrates from O to 500 m and horizontally integrates across a meridional subset of 3N to ION which gives the largest eastward
transport for a particular section.
Since zero depression implies zero transport, we have computed a power-curve fit
to the data (dashed line) and find that the transport approximately increases with
the square root of the depression. Given the data set the latter is only a preliminary
guess, but it serves to emphasize that the transport will not be likely to vary linearly
with the depression (the latter simply being proportional to the geostrophic surface
velocity). From hydrographic data Cochrane, Kelly and Oiling (1979) have argued
for a subthermocline countercurrent west of 28W with a seasonably variable transport (in phase with the countercurrent depression). The presence of a sub-surface
maximum of geostrophic velocity (in the west) suggests problems in trying to parametize transport from surface topography.
Relating the South Equatorial Current to the equatorial depression may be an
even more difficult task because of a subsurface Equatorial Countercurrent across
the entire Atlantic between 3-5S. The latter has been documented by hydrographic
data (Reid, 1964, near I0W; Cochrane, Kelly and Oiling, 1979, west of 25W) and
by direct current measurements (Hisard, Citeau and Morliere, 1976, along SW;
Bubnov and Egorikhin, 1979, along 23 °30'W; and Molinari, personal communication, near 27W). Flowing counter to the geostrophic surface velocity, the subsurface
flow can be expected to adversely affect the correlation between the South Equatorial
Current and the surface topography. Indeed, both Bubnov and Egorikhin, and
Molinari report eastward flow at the surface above the countercurrent during July-
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Figure 5. Zonal component of current near the surface and at 100 m as measured directly
during FGGE experiment. Open symbols are surface currents; closed are at 100 m. Data from
BESNARD, CONRAD and OCEANUS (28W and 33W, circle), DISCOVERY (27",0'W and
32'30'W, diamond), RESEARCHER (25W-26W, square), Sbirshov Institute (23'30'W, inverted tri angle) and the VON HUMBOLDT (28'40'W, triangle). Except for the last, all data
are unpublished and preliminary. Two sections limited to 1 '30'N, I 'JO'S are included .

September (1974 and 1979), in contrast to strong westward surface flow (30-75
cm/ sec maximum) in a band about the equator. The latter suggests that we might
be able to find a correlation between the equatorial depression and the upper layer
velocities near the equator.
An extended series of direct current measurements across the equator was obtained between Nov. 1978 and March 1980. The zonal component of the surface
and 100 m current at 2N, 0 ° and 2S, are shown in Figure 5. The data come from
different current profilers lowered from drifting ships and are usually relative to the
current at 500 m. They are short time measurements (typically 1 to 5 minutes) and
from different meridians. The surface data are extrapolations from observations
10-20 m below the surface. Given all these inherent limitations, the scatter in Figure
5 is not surprising.
Collapsing the eighteen months of data into two time periods which encompass
those in Table 2, the mean zonal components (and standard error of the mean) are
given in Table 3. Though the surface current is always more westward during the
Table 3. Observed mean current (cm/s), positive eastward, between Nov. 1978-Mar. 1980.

Jan.-May
June-Nov.

2'N
100m
Om
15(10)
-10(5)
-10(5)
-35(10)

0' N
Om
20(15)
-5(5)

100m
75(10)
80(5)

Om
-5(10)
-15(10)

2'S
100m
10(5)
0(5)
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June to November time period at each of the three latitudes, only at 2N is it clearly
westward in absolute terms. Thus the trend is as anticipated from the surface topography but the westward current is less than vigorous in this narrow equatorial band.
The 100 m current is always more eastward (or less westward) than the surface
current. At 0 °N the strong eastward current at 100 m is a rough measure of the
equatorial undercurrent and it indicates no change between the two periods. At 2N
and 2S the subsurface current is about 20 cm/ sec more eastward than at the surface
and, given the low surface velocities, the SEC appears to be limited at these latitudes (and longitudes) to a relatively shallow surface layer. This may be due to its
proximity to the equatorial undercurrent (and possibly the North and South subsurface countercurrents). At best the equatorial depression is only one of several
factors which, along with the direct wind stress and underlying currents, drive and
retard the SEC.
3. Discussion
The present description of the meridional profile of the central equatorial Atlantic
is intended to be taken in combination with an earlier description of the pressure
gradient across the Atlantic (Katz et al., 1977). The range of gradients reported
there, 0.7 to 7.3 x 10' dynes/ g, correspond to a height difference of 2 to 25 dynamic
cm between 40W and lOW along the equator (sloping downward to the east). The
minimum value was found during March (1963); the maximum during August
(1974). Despite possible interannual differences we can conclude that the dynamic
sea surface of the Atlantic flattens in the first few months of the year, and becomes
corrugated and zonally tilted once again each boreal summer. In the spring the
countercurrent depression, reduced by half in depth, may be the only pronounced
feature to be seen between ION and lOS; a condition quite different from anything
reported in the Central Pacific.
The contrast with the Pacific goes at least one step further. Wyrtki (1974a) found
the countercurrent and equatorial depressions to be 180° out of phase with one
another; weak and strong respectively in March through May and the reverse in
September through December. In the Atlantic, and in the context of the incomplete
coverage throughout the year, phase coherence is the rule.
A result not particularly emphasized in studies of either ocean is that the meridional position of the sea surface topography is stationary within a degree or two
throughout the year despite the meridional cycle of the wind field. In the central
Atlantic the Intertropical Convergence Zone, and its convergent wind field, oscillates
about ten degrees meridionally during the year (Hastenrath and Lamb, 1977).
We would like to explore the relationship between the dynamic height differences
and the zonal currents in the region, but we are severely restricted by the infrequency
of direct current measurements. Geostrophic calculations across the NECC suggest
that the volume transport (from 0-500 m) varies approximately as the square root
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of the depth of the countercurrent depression. Hellerman (1979) has calculated
the Sverdrup transport from the climatic wind stress curl for two representative
months. He finds a somewhat wider NECC than described here with transports of
5 X 10' m'/s in March and 18 to 9 X 106 m'/s in October, the latter decreasing
from 38W to 23W. The seasonal change is broadly in phase with the dynamic topography, but the Sverdrup transports are about half of the geostrophic transports
shown in Figure 4 (the latter are from sections between 33W and 23W). Meyers
(1980) has concluded that the Sverdrup transport is also insufficient to account for
the Pacific NECC.
From new FGGE data at 2N, 0°N and 2S, we attempted to see if there is a seasonal difference in the strength of the SEC as suggested by the variation of the
equatorial depression. The average surface current (from a noisy data set) always
indicate a more westward flow (10-25 cm/sec) in June-November compared to
January-May. A causal relationship need not be assumed, since the zonal wind stress
has a similar cycle (Katz et al., 1977).
The 100 m zonal current at 0 ' N failed to reveal any seasonal difference that
could be attributed to a change in the strength of the equatorial undercurrent. The
significance of this result is lessened, however, in light of the meandering of the
undercurrent core between lN and lS (Diiing et al., 1975). Lass and Hagen (1980)
have suggested, from five historical sections (1966-1973), that the undercurrent
transport in February (one section) is 2 to 3 times less than in July-December. Katz
and deMesquita (1980), from four FGGE sections, suggest that the undercurrent
transport doubles (one section) for a short period in the boreal spring of each year,
when the westward wind stress is near its seasonal minimum but the zonal pressure
gradient has not yet had time to relax. A more systematic observational study is
clearly needed to reconcile these not necessarily conflicting observations and conclude what, if any, is the seasonal variation of the undercurrent and how does it
relate to the surface topography.
In summary, we have several representations of the wind in the equatorial
Atlantic which describe its seasonal cycle (e.g., Hastenrath and Lamb, 1977; Hellerman, 1979; Katz et al., 1977). When the Intertropical Convergence Zone is at its
most southerly location (which finds it near the equator and results in the annual
minimum wind stress along the equator), the evidence indicates that the dynamic
topography, both meridional (Fig. 3) and zonal (Katz et al., 1977) tends to be most
level (see also Merle, 1978). This supports the premise that the Atlantic has a strong
seasonal response to the wind forcing . The next objective, relating the strength of
the zonal currents to the cyclic wind and topography, requires both further theoretical study and observations better suited to the purpose.
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