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Atlas of Tropical Sea Surface Temperatures and Surface Winds

Abstract

An atlas of sea surface temperatures (SSTs) and surface winds over the 
global tropical oceans based on the Comprehensive Ocean Atmosphere Data 
Set (COADS) is presented. The emphasis of the atlas is the evolution 
of the annual cycle and variations about it. Mean sea surface 
temperature, zonal and meridional wind means, standard deviations, 
differences from the annual mean and differences from the zonal mean 
are presented for the period 1950-1979, along with the vector wind 
means and differences from the annual mean. Time-longitude cross 
sections from 1950-1987 are shown for the mean, anomaly and difference 
from the annual mean for the zonal wind, meridional wind and SST. Mean 
and anomalous ENSO composites for the vector wind and SST based on the 
years 1951, 1953, 1957, 1965, 1969, 1972, and 1976 are presented. The 
first and second harmonic of the SST, the zonal wind and meridional 
wind are also shown. The first and second harmonic of the 200 mb zonal 
wind and the outgoing longwave radiation (OLR) are included in order to 
give an indication of the circulation throughout the tropical 
troposphere.

INTRODUCTION

This atlas contains descriptions of the annual cycle of sea surface 
temperatures (SSTs) and surface winds over the global tropical oceans from 
30°N to 30°S. It differs from other recent similar efforts--Sadler et al. 
(1987), Wright (1988), Shea (1986) and Levitus (1982)- -in that its 
emphasis is on the progression of the annual cycle and variations about the 
annual cycle. Also included are composite analyses for the principal El 
Nino/Southern Oscillation (ENSO) episodes occurring during the period 1950 
to 1979. The intent of this atlas is to provide a more complete description 
of the annual cycle in the tropical ocean basins. None of the individual 
sets of analyses presented here are unique. However, taken as a whole, the 
atlas provides an integrated description of tropical variability in the 
context of global ocean-atmosphere interactions. The various analyses, 
described below, were selected to emphasize different aspects of annual 
variability.

The atlas contains standard climatological fields: the 1950-1979 mean 
and interannual standard deviation, by month, for the sea surface 
temperature (SST), zonal and meridional wind components and mean vector wind 
maps (derived from the wind components). In addition, analyses are 
presented depicting mean monthly differences from the annual mean for the 
SST, vector wind and wind components, as well as monthly means with the 
zonal mean removed (asymmetric component) for the SST and the wind 
components. These representations of the annual cycle, along with maps of 
the annual means, provide a different perspective from which to examine the 
characteristic variability in the tropical belt. The annual and semi-annual
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cycles for the SST and the wind components are also shown as the first and 
second harmonics of the 12 monthly 30-year means, following the analysis of 
Horel (1982). The relative magnitudes of the semi-annual and annual cycles 
are also given for each of the variables of interest.

In order to get a better indication of the atmospheric circulation 
through the depth of the tropical troposphere, the first and second 
harmonics of the 200 mb zonal wind are also shown. Finally, the annual and 
semi-annual cycles of the outgoing longwave radiation (OLR) are included as 
indications of convective activity and diabatic forcing (Richards and Arkin, 
1981) in the tropics and also to depict the relationship of their annual 
cycle to the SST and winds.

In addition to the mean fields and harmonic analysis, equatorial time- 
longitude cross sections for the period 1950-1987 are presented for the SST 
and wind components. A unique feature of this atlas is the presentation of 
three sets of time-longitude cross sections. These are based on 1) the 
observed monthly mean fields, 2) anomalies from the 1950-1979 period monthly 
means, and 3) monthly deviations from the 1950-1979 annual mean. Cross 
sections depicting the mean annual cycle are also presented for comparison. 
Mean and anomalous composites of the vector wind and SST for ENSO events 
beginning two seasons before until two seasons after the episode are also 
shown.

The data used to compute the fields presented in this atlas come from 
the Comprehensive Ocean-Atmosphere Data Set (COADS) (Slutz et al., 1985). 
Other atlases have been published based on this extensive data set (Sadler 
et al. 1987; Wright, 1988). Depending on their purpose, atlases can be 
prepared in a number of different ways. Sadler's atlas was based on data 
from the 1900-1979 period and used a subjective analysis to present monthly 
fields for sea level pressure, wind, wind stress and SST. The subjective 
analysis enabled them to use other available information (coastal effects, 
persistent patterns, etc.) to produce a climatology that includes small- 
scale features. In the analysis presented here, the interest is focused 
more towards large-scale climate anomalies consistent with other Climate 
Analysis Center (CAC) climate diagnostics.

Ramage (1987) points out that the COADS wind data has larger mean 
scalar winds during the 1950-1979 period than for the earlier 1900-1939 
period. This trend is probably due to changes in measurement techniques. 
Because of this trend and other possible inaccuracies, as well as the 
limited amount of data available before 1950, this atlas is based on only 
the 1950-1979 period. The monthly fields presented here are computer 
generated from the monthly data on a 2° latitude by 2° longitude grid. A 
modified Cressman (1959) interpolation scheme was used to fill in areas 
where data are missing.

This atlas is designed to be a practical reference for use in 
conjunction with other CAC climate monitoring products and tools. A 
multiplicity of techniques were utilized for the analysis and display of the 
annual cycle and ENSO composites to facilitate the usefulness of the atlas 
and to stimulate and support climate diagnostics research and real-time 
climate monitoring.
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DATA AND ANALYSIS

The COADS is one of the largest and most complete data sets of marine 
data available today. The first release consisted of global ship reports 
from 1854-1979. Release 2 extends the data set until 1987. Initially about 
100 million observations, the first release of COADS was reduced to about 72 
million reports after the elimination of duplicate entries. These were 
summarized into 2° latitude by 2° longitude squares. Data used to prepare 
this atlas came from the COADS monthly summary trimmed file, which was 
formed by eliminating observations that were more than 3.5 standard 
deviations away from the mean. More detail about the processing of the 
COADS can be obtained in Slutz et al. (1985) and Woodruff et al. (1987).

Although there are a tremendous number of observations (over 72 
million) in the original data set, large areas of the ocean basins contain 
very little data. Several regions of the southern Indian ocean, the South 
Atlantic, and large areas of the equatorial Pacific have less than 20 years 
of data, except along the principal shipping routes. More detail about the 
distribution and amount of data may be found in Appendix A. To produce 
representative field analyses, given the uneven distribution of data, the 
following procedures were followed:

1. A preliminary 30-year climatology for each surface variable (SST, 
zonal wind and meridional wind) was computed using all available data 
for the 1950-1979 period with an interpolation scheme (Cressman, 1959) 
to create completely filled 2° latitude by 2° longitude fields.

2. Individual monthly fields were then formed using the same 
interpolation scheme, except individual values were screened against 
the mean fields to eliminate outliers. Details concerning the various 
tests used to screen the data and an indication of the amount of data 
eliminated can be found in Appendix B.

3. A nonlinear filter based on medians, which was developed by Tukey 
(see Rabiner et al., 1975), was applied spatially to the monthly 
fields. The algorithm may be found in Reynolds (1989). This filter 
objectively eliminates extreme values instead of smoothing the extreme 
values over large areas.

4. The monthly fields were then smoothed with a two-dimensional 
binomial 1-2-1 filter.

5. After formation of the smoothed monthly fields for the period 
1950-1979, the climatology was recomputed by averaging the 30 years of 
monthly fields.

After recomputation of the monthly climatology, anomaly fields for the 
30 years of data were formed and stored. The standard deviations for the 
SST and the wind components were then computed from the variance of the 
monthly anomaly fields. The monthly mean vector wind was constructed from 
the monthly mean wind components. The annual means of all variables were 
computed by averaging the monthly means.

In addition to the traditional charts depicting the means and standard 
deviations, a number of supplemental analyses are displayed. These include
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a harmonic analysis, in which the phase and amplitude for the annual cycle 
(12-month harmonic) is presented using the technique shown in Hsu and 
Wallace (1976). Equatorial time-longitude cross sections for the wind 
components and SST are also presented. These were computed by averaging the 
individual monthly data fields in the latitude band from 5°S to 5°N in 5° 
longitude segments. The cross sections of the equatorial annual cycles were 
prepared similarly, except the base period mean was used. Finally, the 
eight season ENSO composites were computed by averaging data for the 
following seven ENSO episodes: 1951, 1953, 1957, 1965, 1969, 1972, and 
1976.

The OLR data used in the harmonic analyses are derived from AVHRR 
window channel radiances. A description of the data processing may be found 
in Gruber and Winston (1978). OLR means and variances can be found in the 
Atlas of Outgoing Longwave Radiation Derived from NOAA Satellite Data 
(Janowiak et al., 1985). The 200 mb zonal winds are derived from the NMC 
operational analysis. Details about the different analyses used through 
February 1979 can be found in Arkin (1982). Other details through 1982 can 
be found in Kistler and Parrish (1982). Means and variances for the 200 mb 
zonal wind can be found in the Atlas of the Tropical and Subtropical 
Circulation Derived from National Meteorological Center Operational Analyses 
(Arkin et al., 1986).

DISCUSSION

The purpose of this discussion is not to present a detailed description 
of all of the figures shown in this atlas, but rather to serve as a quick 
reference to some of the major features of the annual cycle.

1. SST Means and Variances

Figures 2a through 17a show the monthly and seasonal mean SST and 
figures 2b through 17b show the monthly and seasonal SST standard 
deviations. In the equatorial regions, SSTs show a relatively small annual 
range, except in the coastal upwelling regions of the tropical eastern 
Pacific and Atlantic Oceans. In the eastern South Pacific region, 
temperatures reach their maximum in March along the South American coast, 
then fall rapidly. A tongue of relatively cold water develops and extends 
westward along the equator from this region. This westward extension of 
cooler water also provides greater variability in the SST as far west as the 
date line. The occurrences of the El Nino (7 out of 30 years) also 
increases the variability in this region. In the eastern equatorial 
Atlantic, SSTs reach their maximum in April and May. Away from the equator, 
the annual cycle of SSTs is dominated by the solar annual cycle, with 
maximum temperatures occurring one or two months after the summer solstice. 
While the annual range of SST increases poleward, the interannual 
variability, as expressed in the standard deviation charts, remains largest 
in equatorial regions.

Some aspects of the annual SST cycle can be seen more easily through 
examination of the mean monthly differences from the annual mean (Figs. 2c- 
13c). In the subtropics, the Northern Hemisphere SSTs vary by as much as 5 
or 6 degrees from the annual mean, with the largest differences occurring in
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the Gulf of Mexico and in the western Pacific. These differences are 
greatest around February and August, indicative of the lagged response to 
solar heating in the SSTs. The Southern Hemisphere subtropical SSTs follow 
a similar pattern, although the magnitudes of the differences are somewhat 
less. The equatorial regions tend to follow the Southern Hemisphere 
seasons, but the maximum amplitude of the annual cycle is lagged even more 
with respect to the solar cycle, with relative maxima in March and minima in 
September. The extremes in the annual cycle of equatorial SST, thus, tend 
to occur near the high-latitude transition seasons. The areas of upwelling 
along the west coast of South America and Africa show up as the only areas 
along the equator with an amplitude in the annual cycle greater than 2°C.

2. Surface Wind Means and Variances

Figures 19a-34a and 36a-51a show the monthly and seasonal mean zonal 
and meridional wind components, while Figs. 19b-34b and 36b-51b show their 
standard deviations. The mean monthly and seasonal vector winds are found 
in Figs. 53a-64a and 65-68. The Southwest Monsoon circulation over India 
and Indochina is evident, with a complete reversal of the wind from the 
winter season to the summer season. The annual cycle in both the zonal and 
meridional wind components is greatest in the eastern Indian Ocean, where 
the Somali Jet reaches a maximum in the northern summer. The shift in the 
mean position of the Intertropical Convergence Zone (ITCZ) and its strength 
is depicted by the position of the implied convergence in the meridional 
component over the eastern Pacific and Atlantic Oceans. This can also be 
seen in Figs. 19c-30c and 36c-47c, which show the monthly differences from 
the annual mean for the zonal and meridional winds.

The near equatorial zonal winds are characterized by mean easterlies 
throughout the Atlantic and Pacific basins for the months of June through 
October. Mean zonal winds remain near zero throughout the year in the 
Indian Ocean, with the exception of the Somali Jet region discussed above. 
Weak equatorial westerlies appear in the Indonesian and New Guinea region in 
November and extend as far as 160°E in December and January. A lobe of 
zonal westerlies extends to the east-southeast, south of the equator, during 
this period.

The mean meridional wind pattern shows cross-equatorial flow from the 
Southern to the Northern Hemisphere over all of the Atlantic basin, with the 
exception of the extreme western region, and for the eastern Pacific for 
each month of the year, Figs. 36a-47a. This is a reflection of the 
preferred positions of the ITCZs north of the equator. Only the western 
Pacific shows any tendency for mean meridional flow in the opposite sense 
over the equatorial regions, and then only during the months of December 
through April. Monthly mean deviations from the annual mean, Figs. 36c-47c, 
clearly illustrate the large amplitudes of the meridional wind annual cycle 
in the Atlantic Ocean and eastern Pacific. Both regions show relative 
northerlies, with respect to the annual mean, in the first half of the 
calendar year and relative southerlies during the second half of the year.
In the Arabian Sea region, relative northerlies from October through April 
are present to balance the intense southerly flow associated with the June 
through September monsoon.
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The annual mean vector wind, Fig. 52, is characterized by easterlies 
throughout the analysis domain, except for the Indian Ocean, north of the 
equator where the summer monsoon dominates the annual mean. Significant 
mean meridional wind components are reflected in the vector winds in the 
eastern sections of the ocean basins. In the Pacific, the mean axis of the 
transition from northeast to southeast trade winds lies north of the equator 
from Central America to 160°W. West of this longitude, the annual mean 
trades decrease in magnitude and become almost completely zonal.

Several features of the surface vector wind annual cycle are 
illustrated in the monthly vector wind differences from the annual vector 
wind, Figs. 53b-64b. This series of charts illustrates the relative 
importance of the meridional winds compared to the zonal winds in equatorial 
regions. One of the most striking features is the January through May (July 
to October) evolution of relative northerlies (southerlies) north of the 
equator in the Atlantic and the eastern Pacific basins. As the ITCZs move 
from their southernmost position in the late Northern Hemisphere winter and 
early spring, the vector wind differences in these regions indicate a 
stronger northerly component than the annual mean. In the late Northern 
Hemisphere summer or fall, when the convergence zone reaches its 
northernmost position, the meridional wind differences show a southerly 
maximum. The largest magnitudes of these vector differences from the annual 
mean wind occur in the transition months of March and September and 
represent an oceanic monsoonal circulation.

The Indian and southern Asian monsoon circulation is illustrated by the 
relative southwesterly flow during the months of May through September and 
the relative northeast winds from October to March. The complete reversal 
of the relative vector wind over most of the region illustrates the 
monsoonal character of the circulation throughout the equatorial tropical 
oceans. The well known Indian and Asian monsoons can be understood in terms 
of direct thermal circulations arising from the oceanic-continental 
temperature differences. An examination of the annual cycle of SST, also 
expressed as deviations from the annual mean, suggests that the monsoonal 
character of the east Pacific and equatorial Atlantic winds may also be 
interpreted in terms of direct thermal circulations consistent with 
theoretical arguments of Lindzen and Nigam,(1987). The evolution of the 
annual cycle through an examination of the monthly mean SST and wind charts 
where the zonal means have been removed is shown in Figs. 2d-13d, 19d-30d, 
and 36d-47d. The monthly means presented in this way, as asymmetrical 
components, also suggest a direct thermal circulation of the winds near the 
South Pacific Convergence Zone (SPCZ).

3. El Nino/Southern Oscillation Composites

Sea surface temperatures and anomalies for an eight season ENSO cycle 
are presented in Figs. 69a-76a and 69b-76b. The seven ENSO years used to 
compute the composites, listed above, are from Rasmusson and Carpenter 
(1982). The anomaly composites show general agreement with other published 
work, although the magnitudes of the anomalies in the Pacific are slightly 
smaller. This is probably due to the ways the original data were filtered 
and smoothed. ENSO composites for the mean vector wind and anomaly (Figs. 
77a-84a and 77b-84b) show the equatorial Pacific westerly anomalies 
beginning in the March (0) to May (0) season, reaching a maximum in the
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December (0) to February (+1) season, and then quickly dying out so that by 
the June (+1) to August (+1) season, the westerly anomalies have 
disappeared. Over the eastern Indian Ocean, strong westerly anomalies 
appear in the September (-1) to November (-1) season, lasting for just that 
season. This feature is indicative of a stronger than normal monsoon 
circulation. One year later, anomalies in that same region become easterly, 
lasting through the December (0) to February (+1) season.

4. Equatorial Time-Longitude Cross Sections

Time-longitude cross sections of SST and zonal and meridional wind 
components provide yet another way to examine the annual cycle in equatorial 
regions (Figs. 85-150). The relatively large amplitude of the SST annual 
cycle in the equatorial eastern Pacific and Atlantic Oceans, with a range of 
3°C to 4°C, compared to the Indian Ocean and western Pacific Ocean, with a 
range of near lbC, is clearly illustrated in Fig. 85. The time-longitude 
cross section of the zonal wind component (Fig. 107) shows the largest 
annual cycle in the western Pacific and Indian Oceans, with relatively small 
amplitudes elsewhere--an annual cycle amplitude pattern which is, in many 
ways, opposite to that observed in the SST. The meridional wind component 
cross section (Fig. 129) illustrates the annual cycle of cross equatorial 
flow as a function of longitude. The Indian Ocean, western Pacific, and 
western Atlantic equatorial regions experience northerly (southerly) flow in 
Northern Hemisphere winter (summer), while the meridional component remains 
southerly over the rest of the Atlantic and Pacific Ocean basins throughout 
the year.

Time-longitude cross sections of equatorial SST and winds are among the 
standard analysis tools used for the study of interannual variability and 
ENSO evolution. We present equatorial cross sections of SST and zonal and 
meridional wind components from 1950-1987 for the mean (Figs. 86-92, 108- 
114, and 130-136) and anomalies (Figs. 93-99, 115-121, and 137-143). Cross 
sections of the monthly differences from the annual mean (Figs. 100-106, 
122-128, and 144-150) emphasize the annual cycle and, thus, provide a 
complementary analysis to the other cross sections. Each of the analyses is 
useful in describing the evolution of the major swings in the Southern 
Oscillation, including the 9 major ENSO episodes which occurred during the 
1950 to 1987 period. Of particular interest in the monthly differences from 
the annual mean cross sections is the suggestion that the ENSO episodes 
(1951, 1953, 1957, 1965, 1969, 1972, 1976/7, 1982/3, 1986/7) are associated 
with a slight enhancement of the amplitudes in the annual cycle, while the 
high Southern Oscillation Index years: 1950, 1955, 1956, 1964, 1970, 1973, 
1971, and 1975, (Ropelewski and Jones, 1987), show relatively low amplitudes 
in the annual cycle of SST and winds along the equator.

5. Harmonic Analysis

Harmonic vector diagrams, Figs. 154-158, are yet another way to 
examine the annual cycle of SST and winds. The first harmonic of the annual 
cycle of SST, Fig. 154a, shows the clear tendency for the higher latitude 
SST maxima to occur during the summer seasons in each hemisphere. Near the 
equator, the maxima tend to occur during March or April (a transition season 
in both hemispheres), particularly in the eastern ocean basins. The
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amplitude of the annual cycle of SST is virtually zero in the central and 
western equatorial Pacific, as well as being relatively small in the western 
equatorial Atlantic and all of the equatorial Indian Ocean.

The first harmonics of the annual cycle of the surface wind components, 
Figs. 155a and 156a, show interesting similarities and differences. The 
first harmonics of both wind components have large amplitudes in the Indian 
Ocean north of the equator, a region with a very small annual cycle in SST 
(Fig. 154a). In the southern Indian Ocean, the first harmonics of the zonal 
and meridional surface wind components are six months out of phase with each 
other. The zonal winds are strongest in the southern summer, with maxima 
around February, while the meridional winds have maxima in August to 
September. The equatorial zonal surface winds generally have relatively 
small amplitudes in the annual cycle, while the meridional surface winds in 
the Atlantic and eastern Pacific north of the equator show strong maxima in 
northern summer to fall. For the 200 mb level, only the harmonics for the 
zonal wind are presented, Fig. 157a and 157b. The general pattern of the 
annual cycle amplitudes tends to resemble that of the SST more closely than 
either of the surface wind components. The amplitudes of the annual 
harmonic increase poleward from south of the equator in each ocean basin.
There appears to be little or no annual cycle of zonal 200 mb winds in the 
central and western equatorial Pacific.

The first harmonic of the OLR (Fig. 158a) can be thought of as 
representing the annual cycle of convective precipitation in the tropics.
Since lower values of OLR are associated with convective precipitation, the 
plotting convention for these harmonic vectors is reversed; the phase of the 
vectors represents the season with minimum OLR values. The largest 
amplitudes of the OLR annual cycle occur over the continental areas. Over 
the oceans, the largest amplitudes of the OLR annual cycle tend to occur 
near and east of the mean position of the SPCZ. The SPCZ-related maximum in 
the amplitude of the annual cycle is roughly coincident with the maximum in 
SST over that region of the Pacific. This area also shows a relative 
maximum in the amplitude of both the zonal and meridional surface wind 
annual cycles. The OLR minima occur roughly during the same season as 
relative minima (maxima) in the surface meridional (zonal) winds. The 
relative maxima in the OLR annual cycle amplitudes occur slightly south of 
the axis of minimum 200 mb annual harmonic zonal wind amplitude.

The second harmonics of the annual cycle for these variables, in 
general, show much smaller amplitudes than the first harmonics, Figs 154b- 
158b. For SST the amplitudes of the semi-annual harmonics are very small 
almost everywhere. Only the Arabian Sea area shows significant semi-annual 
variability. The relative amplitude of the semi-annual surface zonal wind 
component is a significant fraction of the annual cycle amplitude over large 
areas of the analysis domain (Fig. 154b) but for the most part, these 
regions have relatively small amplitudes in both the annual and semi-annual 
components. Areas of the western North Pacific and the Arabian Sea, however, show semi-annual surface zonal wind variability in the 1 ms'Ho 2 ms"1 range. 
The surface meridional wind component (Fig. 156b) shows very little amplitude 
in the semi-annual components, except in the Arabian Sea and just north of the 
equator in the eastern Pacific. The plot of the 200 mb zonal wind semi-annual 
component shows large areas of the western equatorial Pacific and southern 
Indian Ocean with relatively large amplitudes (Fig. 157b). However, these are 
regions of relatively weak 200 mb flow, e.g., Arkin et al (1986). There

8



appears to be no easily perceived relationship between the OLR second harmonic 
(Fig. 158b) and the second harmonics in the wind fields or SST. Unlike the 
first harmonic, the largest values of the second OLR harmonic tend to occur 
over the oceans, particularly in the western Pacific north of the equator and 
the eastern Pacific south of the equator. The OLR second harmonic is also 
relatively large in portions of the north Atlantic and Indian Oceans.
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APPENDIX A

DATA QUANTITY AND DISTRIBUTION

Despite the very large number of total observations available in the 
COADS, large areas of the Southern Hemisphere oceans have very little data 
available throughout the decade of the 1950s. Figure A1 shows which grid 
squares had any SST data during any January of the 1950s, Fig. A2 shows 
those squares that had data for more than half of the years, and Fig. A3 
shows where data was available for all ten Januaries in the decade. It is 
evident that although most squares had some data during this decade, only 
the primary ship tracks and areas of the north Atlantic and Indian Oceans 
had complete data.

The total number of observations increased dramatically from the 1950s 
to the 1970s. During the 1950s, the number of observations ranged from 
about 20,000 per month in the early part of the decade to about 50,000 by 
the end of the decade. By the late 1960s, over 90,000 observations per 
month were available during some months. There were somewhat less data 
during the 1970s, with most months having between 55,000 and 70,000 
observations per month. Figure A4 shows which grid squares had data for 
more than five of the Januaries during the 1970s, while Fig. A5 shows which 
grid squares had data for all ten years. Even during the 1970s, large parts 
of the Southern Hemisphere and of the Pacific Ocean did not have complete 
coverage. Small areas of the central Pacific near the date line and off the 
coast of South America had data for less than half of the years. Figure A6 
shows those locations where data were available for at least 10 Januaries 
during the 30-year period, Fig. A7 where data were available for at least 20, 
and Fig. A8 where data were available for all 30 Januaries. While most areas 
had data for more than 10 years, large holes develop in the coverage of the 
Pacific when looking at areas with greater than 20 years of data. The data 
coverage is similar for other months and also for the zonal and meridional 
wind components.
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APPENDIX B

DATA SCREENING PROCEDURES

The data used to produce the smoothed SST and wind fields were screened 
in order to filter out bad data. An SST data value for a grid square was 
rejected if it failed any of the following tests (values used for 1980-1987 
are in parenthesis):

1. The absolute value of the anomaly is greater than 5°C (8°C).

2. The absolute value of the anomaly is greater than 3.5°C (6°C) and 
the number of observations is 2.

3. The absolute value of the anomaly is greater than 2.5°C (4°C) and 
the number of observations is 1.

4. The number of observations is 1, and there are no observations in 
any of the four neighboring boxes to the north, south, east, or west.

5. The magnitude of the difference between the gridded 2° anomaly 
value and the nearest grid point in a separate analysis of the 
anomaly field on a 4° grid was greater than 2°C.

The following tests were used for the wind data (the same tests were used 
for all 38 years):

1. The absolute value of the anomaly is greater than 20 m/s.

2. The absolute value of the anomaly is greater than 15 m/s and 
the number of observations is 2.

3. The absolute value of the anomaly is greater than 10 m/s and 
the number of observations is 1.

4. The number of observations is 1, and there are no observations in 
any of the four neighboring boxes to the north, south, east, or west.

5. The magnitude of the difference between the gridded 2° anomaly 
value and the nearest grid point in a separate analysis of the anomaly 
field on a 4° grid was greater than 4 m/s.

These data screening techniques were used mainly to filter out 
misplaced points or data that is clearly incorrect. Generally less than one 
percent of the data were eliminated by the above screening techniques. The 
2° grid comparison to the 4° grid was the test that removed about 90% of the 
data which were eliminated. The other tests generally eliminated less than 
50 observations per month.
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Figure 85. Time-longitude cross-section of the mean equatorial SST 

based on the period 1950-1979. The contour interval is 
1°C. The 25°C isotherm is emphasized. Values greater 
than 28°C are shaded.



Figure 86. Time-longitude cross-section of the mean monthly
equatorial SST for the years 1950-1955. The contour 
interval is 1°C. The 25°C isotherm is emphasized. 
Values greater than 28°C are shaded.



Figure 87. Time-longitude cross-section of the mean monthlyequatorial SST for the years 1956-1961. The contour interval is 1°C. The 25°C isotherm is emphasized. Values greater than 28°C are shaded.



Figure 88. Time-longitude cross-section of the mean monthlyequatorial SST for the years 1962-1967. The contour interval is 1°C. The 25°C isotherm is emphasized. Values greater than 28°C are shaded.



Figure 89. Time-longitude cross-section of the mean monthly
equatorial SST for the years 1968-1973. The contour 
interval is 1°C. The 25°C isotherm is emphasized. 
Values greater than 28°C are shaded.



Figure 90. Time-longitude cross-section of the mean monthly
equatorial SST for the years 1974-1979. The contour 
interval is 1°C. The 25°C isotherm is emphasized. 
Values greater than 28°C are shaded.



Figure 91. Time-longitude cross-section of the mean monthly
equatorial SST for the years 1980-1985. The contour 
interval is 1°C. The 25°C isotherm is emphasized. 
Values greater than 28°C are shaded.



Figure 92. Time-longitude cross-section of the mean monthly
equatorial SST for the years 1982-1987. The contour 
interval is 1°C. The 25°C isotherm is emphasized. 
Values greater than 28°C are shaded.
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T -longitude cross-section of equatorial SST 
a alies for the years 1950-1955. The contour 
i rval is .5°C. The zero isotherm is emphasized, 

tive values are dashed. Light shading is greater 
0.5°C; dark shading is less than -0.5°C.



Figure 94. Time-longitude cross-section of equatorial SST anomalies for the years 1956-1961. The contour interval is ,5°C. The zero isotherm is emphasized. Negative values are dashed. Light shading is greater than 0.5°C; dark shading is less than -0.5°C.
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Figure 95. Time-longitude cross-section of equatorial SST 

anomalies for the years 1962-1967. The contour 
interval is .5°C. The zero isotherm is emphasized. 
Negative values are dashed. Light shading is greater 
than 0.5°C; dark shading is less than -0.5°C.
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Figure 96. Time-longitude cross-section of equatorial SST 

anomalies for the years 1968-1973. The contour 
interval is .5°C. The zero isotherm is emphasized. 
Negative values are dashed. Light shading is greater 
than 0.5°C; dark shading is less than -0.5°C.
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Figure 97. Time-longitude cross-section of equatorial SST 

anomalies for the years 1974-1979. The contour 
interval is .5°C. The zero isotherm is emphasized. 
Negative values are dashed. Light shading is greater 
than 0.5°C; dark shading is less than -0.5°C.
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Figure 98. Time-longitude cross-section of equatorial SST 

anomalies for the years 1980-1985. The contour 
interval is .5°C. The zero isotherm is emphasized. 
Negative values are dashed. Light shading is greater 
than 0.5°C; dark shading is less than -0.5°C.



Negative values are dashed. Light shading is greater than 0.5°C; dark shading is less than -0.5°C.
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Figure 100. Time-longitude cross-section of equatorial SST

expressed as the difference from the annual mean for 
the years 1950-1955. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.
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Figure 101. Time-longitude cross-section of equatorial SST

expressed as the difference from the annual mean for 
the years 1956-1961. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.



Figure 102. Time-longitude cross-section of equatorial SST
expressed as the difference from the annual mean for 
the years 1962-1967. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.
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Figure 103. Time-longitude cross-section of equatorial SST

expressed as the difference from the annual mean for 
the years 1968-1973. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.
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Figure 104. Time-longitude cross-section of equatorial SST

expressed as the difference from the annual mean for 
the years 1974-1979. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.



Figure 105. Time-longitude cross-section of equatorial SST
expressed as the difference from the annual mean for 
the years 1980-1985. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.
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Figure 106. Time-longitude cross-section of equatorial SST

expressed as the difference from the annual mean for 
the years 1982-1987. The contour interval is 1.0°C. 
The zero isotherm is emphasized. Negative values are 
dashed. Light shading is greater than 1.0°C; dark 
shading is less than -1.0°C.
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Figure 107. Time-longitude cross-section of the mean equatorial zonal wind component based on the period 1950-1979.The contour interval is 2.0 m/s. The zero isotherm is emphasized. Negative values (easterlies) are dashed. Values less than -4.0 m/s are shaded.



Figure 108. Time-longitude cross-section of the mean monthly
equatorial zonal wind component for the years 1950- 
1955. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (easterlies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.
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Figure 109. Time-longitude cross-section of the mean monthlyequatorial zonal wind component for the years 1956- 1961. The contour interval is 2.0 m/s. The zero isotherm is emphasized. Negative values (easterlies) 

are dashed. Light shading is greater than 4.0 m/s; dark shading is less than -4.0 m/s.
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Figure 110. Time-longitude cross-section of the mean monthlyequatorial zonal wind component for the years 1962- 1967. The contour interval is 2.0 m/s. The zero isotherm is emphasized. Negative values (easterlies) are dashed. Light shading is greater than 4.0 m/s; 

dark shading is less than -4.0 m/s.
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-longitude cross-section of the mean monthly 
torial zonal wind component for the years 1968- 
. The contour interval is 2.0 m/s. The zero 
herm is emphasized. Negative values (easterlies) 
dashed. Light shading is greater than 4.0 m/s; 

shading is less than -4.0 m/s.
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Figure 112. Time-longitude cross-section of the mean monthly

equatorial zonal wind component for the years 1974- 
1979. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (easterlies) 
are dashed. Light shading is greater than 4.0 m/s; dark shading is less than -4.0 m/s.
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Figure 113. Time-longitude cross-section of the mean monthly

equatorial zonal wind component for the years 1980- 
1985. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (easterlies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.
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e-longitude cross-section of the mean monthly 
atorial zonal wind component for the years 1982- 
7. The contour interval is 2.0 m/s. The zero 
therm is emphasized. Negative values (easterlies) 
dashed. Light shading is greater than 4.0 m/s; 

k shading is less than -4.0 m/s.



component anomalies for the years 1950-1955. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 116. Time-longitude cross-section of equatorial zonal wind 

component anomalies for the years 1956-1961. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Mgure 117. Time-longitude cross-section of equatorial zonal wind 
component anomalies for the years 1962-1967. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.



Figure 118. Time-longitude cross-section of equatorial zonal wind component anomalies for the years 1968-1973. The contour interval is 1.0 m/s. The zero isotherm is emphasized. Light shading is greater than 1.0 m/s; dark shading is less than -1.0 m/s.
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Figure 119. Time-longitude cross-section of equatorial zonal wind 

component anomalies for the years 1974-1979. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 120. Time-longitude cross-section of equatorial zonal wind 

component anomalies for the years 1980-1985. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 121. Time-longitude cross-section of equatorial zonal wind 

component anomalies for the years 1982-1987. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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e-longitude cross-section of equatorial zonal wind 
ponent expressed as the difference from the annual 
n for the years 1950-1955. The contour interval is 
m/s. The zero isotherm is emphasized. Light 

ding is greater than 2.0 m/s; dark shading is less 
n -2.0 m/s.



Figure 123. Time-longitude cross-section of equatorial zonal wind 
component expressed as the difference from the annual 
mean for the years 1956-1961. The contour interval is 
1.0 m/s. The zero isotherm is emphasized. Light 
shading is greater than 2.0 m/s; dark shading is less 
than -2.0 m/s.
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Figure 124. Time-longitude cross-section of equatorial zonal wind 

component expressed as the difference from the annual 
mean for the years 1962-1967. The contour interval is 
1.0 m/s. The zero isotherm is emphasized. Light 
shading is greater than 2.0 m/s; dark shading is less 
than -2.0 m/s.



Figure 125. Time-longitude cross-section of equatorial zonal wind 
component expressed as the difference from the annual 
mean for the years 1968-1973. The contour interval is 
1.0 m/s. The zero isotherm is emphasized. Light 
shading is greater than 2.0 m/s; dark shading is less 
than -2.0 m/s.



1.0 m/s. The zero isotherm is emphasized. Light 
shading is greater than 2.0 m/s; dark shading is less 
than -2.0 m/s.
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■longitude cross-section of equatorial zonal wind 
inent expressed as the difference from the annual 
for the years 1980-1985. The contour interval is 
n/s. The zero isotherm is emphasized. Light 
ing is greater than 2.0 m/s; dark shading is less 
-2.0 m/s.



Figure 128. Time-longitude cross-section of equatorial zonal wind component expressed as the difference from the annual mean for the years 1982-1987. The contour interval is 1.0 m/s. The zero isotherm is emphasized. Light shading is greater than 2.0 m/s; dark shading is less than -2.0 m/s.



Figure 129. Time-longitude cross-section of the mean equatorial 
meridional wind component based on the period 1950- 
1979. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (northerlies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.



Figure 130. Time-longitude cross-section of the mean monthly 
equatorial meridional wind component for the years 
1950-1955. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (northerlies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.
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Figure 131. Time-longitude cross-section of the mean monthly equatorial meridional wind component for the years 1956-1961. The contour interval is 2.0 m/s. The zero isotherm is emphasized. Negative values (northerlies) are dashed. Light shading is greater than 4.0 m/s; dark shading is less than -4.0 m/s.



Figure 132. Time-longitude cross-section of the mean monthly 
equatorial meridional wind component for the years 
1962-1967. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (norther!ies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.



Figure 133. Time-longitude cross-section of the mean monthly 
equatorial meridional wind component for the years 
1968-1973. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (norther!ies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.



Figure 134. Time-longitude cross-section of the mean monthly 
equatorial meridional wind component for the years 
1974-1979. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (northerlies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.



Figure 135. Time-longitude cross-section of the mean monthly equatorial meridional wind component for the years 1980-1985. The contour interval is 2.0 m/s. The zero isotherm is emphasized. Negative values (northerlies) are dashed. Light shading is greater than 4.0 m/s; dark shading is less than -4.0 m/s.



Figure 136. Time-longitude cross-section of the mean monthly 
equatorial meridional wind component for the years 
1982-1987. The contour interval is 2.0 m/s. The zero 
isotherm is emphasized. Negative values (northerlies) 
are dashed. Light shading is greater than 4.0 m/s; 
dark shading is less than -4.0 m/s.
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Figure 137. Time-longitude cross-section of equatorial meridional 

wind component anomalies for the years 1950-1955. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.



Figure 138. Time-longitude cross-section of equatorial meridional 
wind component anomalies for the years 1956-1961. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 139. Time-longitude cross-section of equatorial meridional 

wind component anomalies for the years 1962-1967. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.



wind component anomalies for the years 1968-1973. The 
contour interval is 1.0 m/s. The zero isotherm is
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.



Figure 141. Time-longitude cross-section of equatorial meridional 
wind component anomalies for the years 1974-1979. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 142. Time-longitude cross-section of equatorial meridional 

wind component anomalies for the years 1980-1985. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 143. Time-longitude cross-section of equatorial meridional 

wind component anomalies for the years 1982-1987. The 
contour interval is 1.0 m/s. The zero isotherm is 
emphasized. Light shading is greater than 1.0 m/s; 
dark shading is less than -1.0 m/s.
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Figure 144. Time-longitude cross-section of equatorial meridional 

wind component expressed as the difference from the 
annual mean for the years 1950-1955. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 145 Time-longitude cross-section of equatorial meridional 

wind component expressed as the difference from the 
annual mean for the years 1956-1961. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 146. Time-longitude cross-section of equatorial meridional 

wind component expressed as the difference from the 
annual mean for the years 1962-1967. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 147. Time-longitude cross-section of equatorial meridional 

wind component expressed as the difference from the 
annual mean for the years 1968-1973. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 148. Time-longitude cross-section of equatorial meridional 

wind component expressed as the difference from the 
annual mean for the years 1974-1979. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 149. Time-longitude cross-section of equatorial meridional 
wind component expressed as the difference from the 
annual mean for the years 1980-1985. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 150. Time-longitude cross-section of equatorial meridional 

wind component expressed as the difference from the 
annual mean for the years 1982-1987. The contour 
interval is 1.0 m/s. The zero isotherm is emphasized. 
Light shading is greater than 2.0 m/s; dark shading is 
less than -2.0 m/s.
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Figure 151. Time-latitude cross-section of the zonally averaged SST. The 
contour interval is 1°C.
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Figure 152. Time-latitude cross-section of the zonally averaged zonal wind.
The contour interval is 1 m/s. Negative values (easterlies) are 
dashed.
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Figure 153. Time-latitude cross-section of the zonally averaged meridional 
wind. The contour interval is 1 m/s. Negative values 
(northerlies) are dashed.
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