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ABSTRACT

Cover. Immature magnificent frigatebirds near Cocos Island,
Photo by John H. Taylor, Scripps Institution of Oceanography.

This atlas contains charts depicting the distribution of physical, chemical, and bmlogml Dcelnognphn: prupemes and a
ciated meteorological properties observed during EASTROPAC. EASTROPAC wasani;

of the castern tropical Pacific Ocean (20° N. to 20° 5., and from the west coasts of the American continents to 119° W)
which was intended to provide data necessary fora moxe effective use of the marine resources of the area, especially tropical
tunas, and also to increase knowledge of the ocean circulation, air-sea interaction, and ecology. The Bureau of Commercial
Fisheries (now National Marine Fisheries Service) was the coordinating agency. The field work, from February 1967 through
March 1968, was divided into seven 2-month cruise periods. During each cruise period one or more ships were operating in the

study area.
On completion of the field work the data seemed too nnmcruus for a classical data repurt Instead, it was decided to pro-
duce an 11-volume atlas of the results, with 5 volumes g physical and logical data from the

principal participating ships, 5 mlumes containing biological and nutuem chemistry data from the same ships, and 1 volume
containing all data from Latin American cooperating ships and ships of opportunity. Extensive use was made of a computer
and automatic plotter in preparation of the atlas charts, Methods used to collect and process the data upon which the atlas is
based are described in detail by the contributors of the following categories of charts: temperature, salinity, and derived
quantities ; thickness of the upper mixed layer; dissolved oxygen; meteorology ; nutrient chemistry ; phytoplankton standing
stocks and production; zooplankton and fish larvae ; micronekton ; birds, fish schools, and marine mammals,
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U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
National Marine Fisheries Service

Fishery-Oceanography Center

8604 La Jolla Shores Drive

P.O. Box 271

La Jolla, California 92037

September 1971

NOTICE TO RECIPIENTS OF THE EASTROPAC ATLAS
VOLUME 3

In the Introduction to this volume the reader is referred
to Volume 1 for background information onthe EASTROPAC Project,
processing of the data, and preparation of the atlas. Volume 1 has
not yet been published, but the introductory material referred to
has been placed in Volume 4 which was published in November 1970.

Cuthbert M. Love, Editor
EASTROPAC Atlas
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ERRATA

November 1971

FIGURE 20-9-v4 The short contour near the surface between 15°-16° N. should
be labeled 650 instead of 550.

FIGURE 20-S-vl The short, heavy contour near the surface between 4°-5° N.
should be labeled 34. 0.
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INTRODUCTION

EASTROPAC was an international cooperative investigation of the eastern tropical Pacific Ocean which was intended to
provide data necessary for a more effective use of the marine resources of the area, cspecially tropical tunas, and also to
increase knowledge of the ocean circulation, air-sea interaction, and ecology. The National Marine Fisheries Services
(NMES)—the Bureau of Commercial Fisheries (BCF) at the time of the investigations—was the coordinating agency.
The field work, from February 1967 through March 1968, was divided intn seven 2-manth e periods.

At a meeting of the EASTROPAC Coordinating Committee held at La Jolla in April 1968, it was decided that the
data derived from the cruises were so numerous as to render classical data reports impractical and that a comprehensive
atlas of the physical and binlogical results of the project should be produced instead. The atlas has been divided inte 11
volumes, with five volumes containing physical occanographic and meteorological data from the principal participating
ships, five volumes containing biological and nutrient chemistry data from the same ships, and one volume containing all
data from Latin-American cooperating ships and ships of opportunity.

Volume 3 contains physical oceanographic and meteorological data collected mainly by the principal participating ships
during the first and second monitor cruise periods: cruise 20, April-May 1967, and cruise 30, June-July 1967. The com-
panion volume presenting the corresponding biological and nutrient chemistry data is Volume 4. The locations of stations
occupied by participating ships are shown in figure 20-TC and figure 30-TC.

Information concerning the history and organization of the EASTROPAC Project, a description of the cruises under-
taken, the program of observations, the methods used for preparation of the charts, and remarks on the organization of
the atlas are contained in Volume 1 with descriptions by the contributing scicntists of the methods used to collect and process
the data upon which the atlas charts are based,

CUTHBERT M. LOVE
Editor

Abbreviations used in figure designation system

Cruise or cruise period

Froperty represented

Mnemonic to explain
choice of letters

Indicator for vertical sections
or type of horizontal surfacc

Numbers 11, 12, 13, etc, indi-
cate principal cruises. See
figure 1.

Letters or letter-number com-
binations indicate cruises of
Latin American cooperating
ships or ships of opportunity,
as follows

MZ4  Volanda, MZ-4
MZ-5  Yolands, MZ:5
MZ6  Yolanda, MZ-6
MZ-7  Defiance, MZ-7
MZ8  Tuspon, M8
H1 Huayaipe-1
H2 Huayaipe-2
H3 Huayaipe-3
ut Unanue G702
uz Unanue 6703
u3 Unanue 6302
¥s Yelcho
MARCHILE V
Y6 Yeloho
MARCHILE VI
¥7 Yelcho

MARCHILE VII
Eo Esmeralda RE VI

OF  Occanographer
€D Chorles H. Davis

T3 Te Vega 13
T4 Te Vega 14
TS Te Vega 15
6 Te Vega 16
7 Te Vega 17

Numbers 10, 20, 30, 40, 50, 6,
70, indicate 2-month cruise
periods.

FA
FC
FMN
FMD

FGN Total gonostomatid and sternoptychid

FGD

BP

MW

RM
TC

Temperature
Salinity
Thermasteric anomaly (3,)
Geostraphic velocity
Oxygen concentration
Oxygen saturation
Thickness of the mixed layer
300 el. /1, thermosterie
anomaly surface
Acceleration Potential

Phosphate-phosphorus
Silicate-silicon
Nitrate-nitrogen
Nitrite-nitrogen
Ammonia-nitrogen

Chlorophyll-a
Phacophytin

Primary production

Thickness of the euphotic layer

Fish and cephalopod standing stock

Crustacean standing stoek

Total micronekton standing stock

Zooplankton standing stock from
S0-cmn. net hauls, night

Zaoplankton standing stock from
T-m. net hauls, night

Zooplankton standing stock from
S0-em. mot hauls, day

Zooplankton sianding stock fram
1-m. net hauls, day

Total fish larvac, night bauls
Total fish larvae, day hauls
Total fish eggs

Total skipjack tuna larvae
Total Auxis larvae

Total Coryphaena larvae
Total myctophi
Total mycte

larvae, day hauls

=

larvar, night hauls

larvae, night hauls

Zaoplankton, half-meter,
igh
Zaoplankton, 1-meter,
Night
Zooplanktn, half-meter,

Zooplankton, 1-meter,
Day

Larvae, Night
<h Larvae, Day

Fish, Skipjack

Fish, Ausiy

Fish, Coryphacna

Fish. Myctophid, Night

Fish, Myctophid, Day

Fish, Gonostomatid,
ight

Total id and Dy
Jarvae, day hauls

Relative abundance of plankton-feeding

Relative abundance of fish and
ceghalopad-feeding birds

Porpoise sightings

Whale sightings

Tuna school sightings, all cruises

Upper atmosphere meteorology

Surface meteorological analysis,
winds and pressure

Surface metearological analysis,
clonds, dewpoiat, temperature

Surface meteoralogical analysis,

Fish, id, Day

Birds, Plankton-feeding
Birds, Fish-feeding
Sightings, Porpaise
Sightings, Whales
Sightings, Tuna
Metearology, Winds

Meteorology, Clouds

sea temperature, sea-air

difference, sea temperature anomaly

Reference map
Track chart

Meteorology,

¥l, v2, erc, indicate vertical
sections,

Vertical sections are assigned
consecutive numbers within
each cruise which follow the
chronologieal order in which
the ship ran the sections.

Number 10 or 100 following
Oo5a or horizontal P, Si
NOy, NO,, or NH, charts
indicates distribution at that
depth (m).

B Distribution at the sea
surface

8300 Distribution on the sur-
face where §,=300 cl./t.

& Distribution  integrated
over the euphotic layer

150 Distribution integrated
to 150 m. depth

r Depth of a surface

Number 1 or 2 fallawing SP or
SW charts indicates ane of
two G-month periods inta
which those observations were
divided.

Numbers 110 4 or 1 to 6 fal-
lowing MT or MW charts
indicate one of the approxi-
mate 2-week periods into
which those observations were
divided. For all ernise per-
iods except 40, the MT and
MW charts were drawn for
four 2-week periods. For the
40 cruise period these charts
were drawn for six periods
ranging from 12 to 16 days
in length, but with several
days overlap between some
periods. Number 1 or 2 fol-
lowing MC charts indicates
one of the monthly periods
for which thote charts were
drawn




LIST OF FIGURES

Reference maps and track charts —White pages

FIGURE RM-a.— Reference map of the main portion of the EASTROPAC area. The topographic shading and bathy-
metric contours are approximate only and should nat be considered as portraying the latest available information.

FIGURE RM-b.— Reference map of the southern coastal portion of the EASTROPAC area. The tapographic shading and
bathymetric contours are approximate only and should not be considered as portraying the latest available information.

FIGURE 20-TC.—Locations of stations occupied by participating ships during the first monitor period, April-May 1967,
FIGURE 30-TC.— Locations of stations occupied hy participating ships during the second monitor period, June-July 1967.

Surface and near-surface properties—Pages of various colors
FIGURE 20-T-s.—Temperature (°C.) at the sea surface, April-May 1967. These contours are based on Nansen cast data.

FIGURE 20-ML.—Thickness of the mixed layer in meters, April-May 1967. Dashed lines indicate portions of the cruise
track where such data were collected.

FIGURE 20-5.

FIGURE 20-0,8a-10.—Oxygen saturation (%) at 10 meters, April-May 1967. Areas with less than 100% saturation are
shaded.

Salinity (%o) at the sea surface, April-May 1967. These contours are based on Nansen cast data.

Properties on isanosteric surfaces—Pages of various colors

FIGURE 20-8300-z.— Depth (m.) of the surface where 8, — 300 el./t., April-May 1967,

FIGURE 20-5-5300.— Salinity (%eo) on the surface where 8, = 300 cl./t,, April-May 1967. The table shows the
temperature corresponding to each isohaline on the chart,

FIGURE 20-AP-3300.—Acceleration potential (j./kg.), relative to 300 db,, on the surface where 8, = 300 cl./t., April-
May 1967, For computing acceleration potential, thermosteric anomaly, 8, was used instead of specific volume
anamaly, 8.

FIGURE 20-0,-8300.—Oxygen (ml./1.) on the surface where 8, =300 cL./t., April-May 1967.

FIGURE 20-38250-z.—Depth (m.) of the surface where 8. =250 cl./t., April-May 1967.

FIGURE 20-5-8250.— Salinity (%c) on the surface where ;. =250 cl./t, April-May 1967. The table shows the
temperature corresponding to each isohaline on the chart.

FIGURE 20-AP-3250 — Acceleration potential (j./kg.), relative to 500 db., on the surface where &, = 250 cl./t., April-
May 1967, For computing acceleration potential, thermosteric anomaly, 8,, was used instead of specific volume
anomaly, 8.

FIGURE 20-0,-8250.— Oxygen (mlL/L) on the surface where 8, = 250 cl/t., April-May 1967,

FIGURE 20-8200-2.—Depth (m.) of the surface where &, =200 cl./t,, April-May 1967.

FIGURE 20-8-6200— Salinity (o) on the surface where 3, = 200 cl./t., April-May 1967. The table shows the
temperature corresponding to each isohaline on the chart,

FIGURE 20-AP-8200.—Acceleration potential (j./kg.), relative to 500 db., on the surface where 8, =200 cl./t., April-
May 1967, For computing acceleration potential, thermosteric anomaly, 8, was used instead of specific volume
anomaly, 5.

FIGURE 20-0,-8200—Oxygen (ml/L) on the surface where 8= 200 cl./t., April-May 1967.

FIGURE 20-8160-z.—Depth (m.) of the surface where 3, = 160 cl./t., April-May 1967.

FIGURE 20-S-8160.— Salinity (%00) on the surface where §; = 160 ¢1./1., April-May 1967. The table shows the
temperature corresponding to each isohaline on the chart.

FIGURE 20-AP-3160.—Acceleration potential (j./kg.), relatve to 500 db., on the surface where 8, = 160 cl./t., April-
May 1967. For computing acceleration potential, thermosteric anomaly, 8., was used instead of specific volume
ancmaly, 5.

FIGURE 20-05-8160— Oxygen (ml./L) on the surface where 5, = 160 cl./7, April-May 1967,

Meteorology— Blue pages

FIGURE 20-MW-1.—Analyses of the surface air pressure and surface winds from all available ship observatio , averaged
over 2-degree (latitude-longitude) squares for the period April 1-15, 1967, Heavy dashed lines are isobars. Solid
lines are streamlines showing the mean resultant direction of wind flow. Light dash-dot lines are isotachs indicating
mean resultant wind speed (kn,}. Dressure (mb.) averaged for S-degree squares is plotted above the mean position
of the square, and resultant wind direction followed by speed (kn.) is plotted below. The monthly climatological
position of the intertropical convergence zome is shown by 2 wide dashed band,

FIGURE 20-MW-2—Analyses of the surface air pressure and surface winds from all available ship abservations, averaged
over 2-degree (latitude-longitude) squares for the period April 16-30, 1967, Heavy dashed lines are isobars. Solid
lines are streamlines showing the mean resultant direction of wind flow. Light dash-dot lines are isotachs indicating
mean resultant wind speed (kn.). Pressure (mb.) averaged for 5-degree squares is plotted above the mean position
of the square, and resultant wind direction followed by speed (kn.) is plotted below. The monthly climatological
position of the intertropical convergence zonc is shown by a wide dashed band.

FIGURE 20-MW-3.—Analyses of the surface air pressure and surface winds from all available ship observations, averaged
over 2-degree (latitude-longitude) squares for the period May 1-16, 1967. Heavy dashed lines are isobars. Solid
lines arc streamlines showing the mean resultant direction of wind flow, Light dash-dot lines are isotachs indicating
mean resultant wind speed (kn.). Pressure (mb.) averaged for S-degree squares is plotted above the mean position
of the square, and resultant wind direction followed by speed (kn.) is plotted below. The monthly climatological
position of the intertropical convergence zone is shown by a wide dashed band.

FIGURE 20-MW-4.—Analyscs of the surface air pressure and surface winds from all available ship observations, averaged
over Z-degree (latitude-longitude) squares for the period May 17-31, 1967, Heavy dashed lines are isobars. Solid
lines are streamlines showing the mean resultant direction of wind flow. Light dash-dot lines are isotachs indicating
mean resultant wind speed (kn.). Pressure (mb.) averaged for S-degree squares is platted above the mean position
of the square, and resultant wind direction followed by speed (kn.) is plotted helow. The monthly climatological
pasition of the intertropical convergence zone is shown by a wide dashed band.

FIGURE 20-MT-1.—Analysis of sea surface temperatures based on averages for 2-degree (latitude-longitude) squares
from all available ship observations for the period April 1-15, 1967, Solid lines are sea surface isotherms (°C.) ; the
isotherms are dashed where data are sparse. Dark hatching outlines areas with positive temperature anomalies
(computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalies greater than 1°C. Sea surface temperature (°C. % 10) averaged for 5-degree squares
is plotted above the mean position of the square; sea temperature minus air temperature difference (°C. X 10) is
plotted below the symbal,

FIGURE 20-MT-2.—Analysis of sta surface temperaturcs based on averages for 2-degree (latitude-longitude) squares
from all available ship observations for the period April 16-30, 1967. Solid lines are sea surface isotherms (°C.) 5 the
isotherms are dashed where data are sparse. Dark hatching outlines areas with positive temperature anomalies
(computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalies greater than 1°C, Sea surface temperature (°C. % 10) averaged for 5-degree squares
is plotted above the mean position of the square: sea temperature minus air temperature difference (°C. X 10) is
plotted below the symbol.

FIGURE 20-MT-3.—Analysis of sca surface temperatures based on averages for 2-degree (latitude-longitude) squares
from all available ship observations for the period May 1-16, 1967. Salid lines are sea surface isotherms (°C.) ; the
isotherms are dashed where data are sparse. Dark hatching outlines arcas with positive temperature anomalies
(compited from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalies greater than 1°C. Sea surface temperature (°C. X 10) averaged for 5-degree squares
is plotted above the mean position of the square; sea temperature minus air temperature difference (°C. X 10) is
plotted below the symbol.

FIGURE 20-MT-4.—Analysis of sea surface temperatures based on averages for 2-degree (latitude-longitude) squares
from all available ship observations for the period May 17-31, 1967. Solid lines are sea surface isotherms (°C.) ; the
isotherms arc dashed where data are sparse. Dark hatching outlines areas with positive temperature anomalies
(computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalics greater than 1°C. Sea surface temperature (°C. X 10) averaged for S-degree squares
is platted above the mean position of the square; sea temperatare minus air temperature difference (°C. x 10) is
plotted below the symbol.




FIGURE 20-MC-1.—Analyses of the surface dew-point temperature of the air and total cloud cover based on 2-degree
(latitude-longitude) averages from all available ship observations for the month of April 1967, Solid lines depict
the monthly mean total cloud cover in oktas; the lines are dashed where data are sparse. Dash-dot lines are isotherms
of the mean monthly dew-point temperature at 2-degree (C.) intervals. Areas where 15 percent or more of the ships
reported rain of any type at or within sight of the ship are shaded. Dew-point temperature (°C. X 10) averaged
for 5-degree squares is plotted above the mean position of the square, with total cloud cover (oktas) below and rain-
fall frequency (%) to the right of the symbol,

FIGURE 20-MC-2.—Analyses of the surface dew-point temperature of the air and total cloud cover based on 2-degree
(latitude-longitude) averages from all available ship observations for the month of May 1967. Solid lines depict
the monthly mean total cloud cover in oktas; the lines are dashed where data are sparse, Dash-dot lines are isotherms
of the mean monthly dew-point temperature at 2-degree (C.) intervals, Areas where 15 percent or more of the ships
reported rain of any type at or within sight of the ship are shaded, Dew-point temperature {°C. % 10) averaged
for S-degree squares is plotted above the mean position of the square, with total cloud cover (aktas) below and rain-
fall frequency (%) to the right of the symbol.

Temperature and salinity —White pages
FIGURE 20-T-v1.—Vertical distribution of temperature (°C.} along 119°20° W., April 13-21, 1967,
FIGURE 20-T-v2Z—Vertical distribution of temperature (°C.) along 112°206 W., April 23-29, 1967.

FIGURE 20-T-v3.—Vertical distribution of temperature (°C.} along a section from 129 N, 112°20" W. to Manzanillo,
April 29-May 2, 1967.

FIGURE 20-T-vd.—Vertical distribution of temperature (°C.) along a section from Acapuleo to 12° N., 105°20" W.,
May 7-10, 1967,

FIGURE 20-T-v5—Vertical distribution of temperature (°C.) along 105°20" W, May 10-15, 1967.
FIGURE 20-T-v6.—Vertical distribution of temperature (°C.) along 98°20° W, May 17-24, 1967.
FIGURE 20-S-v1.—Vertical distribution of salinity (%e) along 119°20' W., April 13-21, 1967.
FIGURE 20-5-v2—Vertical distribution of salinity (%o ) along 112220 W., April 23-20, 1967.

FIGURE 20-5-v3—Vertical distribution of salinity (%e) along a section from 12° N., 112°20° W. to Manzanillo,
April 29-May 2, 1967.

FIGURE 20-§-v4, Vertical distribution of salinity (o) along a section from Acapulco to 12° N, 105°20° W.,
May 7-10, 1967.

FIGURE 20-S-v5.—Vertical distribution of salinity (%¢) along 105°20* W_, May 10-15, 1967,
FIGURE 20-S-v6—Vertical distribution of salinity (%o ) along U8°20" W., May 17-24, 1967,
Thermosteric anomaly and geostrophic velocity—Yellow pages
FIGURE 20-8-v1.—Vertical distribution of thermosteric anomaly, 8y, (cl./t.) along 119°20 W, April 13-21, 1967,
FIGURE 20-8-v2—Vertical distribution of thermosteric anomaly, &;, (c1./t.) along 112°20" W., April 23-29, 1967.

FIGURE 20-8-v3.—Vertical distribution of thermosteric anomaly, 8;, (¢l./t) along a section from 12° N, 112°20 W. to
Manzanillo, April 29-May 2, 1967.

FIGURE 20-8-v4.—Vertical distribution of thermosteric anomaly, 8;, (cl./t.) along a section from Acapulco to 12° N.,
105°20" W., May 7-10, 1967.

FIGURE 20-8-v5.—Vertical distribution of thermosteric anomaly, &y, (cl/t) along 105°20" W., May 10-15, 1967.
FIGURE 20-8-v6.—Vertical distribution of thermosteric anomaly, 3y, (cl./t.) along 98°20° W., May 17-24, 1067.

FIGURE 20-G-vl.—Vertical ution of the zanal component of geostrophic velocity (em./sec.), relative to 500 db.,
along 119°20° W., April 13-21, 1967. Dark shading indicates eastward flow with a velocity greater than 5 em./sec.;
light shading indicates westward flow with a velocity greater than 5 cm./sec,

FIGURE 20-G-v2—Vertical distribution of the zonal component of genstrophic velocity (cm. /sec ), relative to 500 db,
along 112°20F W., April 24-29, 1967. Dark shading indicates eastward flow with a velocity greater than 5 cm./sec.;
light shading indicates westward flow with a velocity greater than 5 em./sec.

FIGURE 20-G-v3,—Vertical distribution of the component of geostrophic velocity (cm./sec.), relative to 500 db., normal
to a section from 12° N., 112°20" W. to Manzanillo, April 29-May 2, 1967. Dark shading indicates flow toward
the southeast with a velocity greater than 5 em./sec.; light shading indicates flow toward the northwest with a
velocity greater than § em./sec.

FIGURE 20-G-v4.—Vertical distribution of the component of geostrophic velocity (cm./sec.), relative to 500 db., normal
o a section from Acapuleo to 12° N., 105°20° W, May 7-10, 1967. The dark shading indicates flow toward the
southeast with a velocity greater than 5 cm. /sec

FIGURE 20-G-v3.—Vertical distribution of the zonal component of geastrophic velacity (cm./sec.), relative to 500 db.,
along 105°20° W., May 10-15, 1967. Dark shading indicates castward flow with a velocity greater than § cm./sec. ;
light shading indicates westward flow with a velocity greater than 5 cm./sec.

FIGURE 20-G-v6.—Vertical distribution of the zonal component of genstrophic velacity (cm./sec.), relative to 500 db.,
along 98°20' W., May 17-24, 1967. Dark shading indicates castward flow with a velocity greater than 5 em./sec.;
light shading indicates westward flow with a velocity greater than 5 em./sec.

Oxygen— Green pages
ibution of oxygen (ml /1) aleng 119°20F W., April 13-21, 1967.

FIGURE 20-05-v1—Vertical d

FIGURE 20-O3-v2.—Vertical distribution of oxygen (ml./1.) along 112720 W., April 23-29, 1967,

FIGURE 20-O¢-v3.—Vertical distribution of oxygen (ml./1.) along a section from 12° N., 112°20¢ W. to Manzanillo,
April 29-May 2, 1967.

FIGURE 20-0,-v4.—Vertical distribution of axygen (ml./L} along a section from Acapuleo to 12° N, 105920 W.,
May 7-10, 1967,

FIGURE 20-O4-v5.—Vertical distribution of exygen (ml/L) along 105°20/ W, May 10-15, 1967,

FIGURE 20-Og-v6.—Vertical distribution of oxygen (ml /1) along 98°20F W., May 17-24, 1967.

Meteorology— Blue pages

FIGURE 20-UA-vl —Vertical section of the atmosphere along 119°20" W., April 14-20, 1967. Solid lines are isotherms of
air temperature (°C.). Dashed lines arc isopleths of mixing ratio of the air (g./kg.). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed
height (m.) of each standard pressure surface is plotted for the northernmost radiosonde station of the section.
At other stations the difference of computed height minus the corresponding height at the northern station is shown
at each standard level.

FIGURE 20-UA-v2—Vertical section of the atmosphere along 112°20° W., April 24-29, 1967. Solid lines are isotherms of
air temperature (°C.). Dashed lines are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed
height (m.) of cach standard pressure surface is plotted for the northernmost radiosonde station of the section.
At ather stations the difference of computed height minus the corresponding height at the northern station is shown
at each standard level.

FIGURE 20-UA-v5—Vertical section of the atmosphere along 105°20° W., May 9-16, 1967. Solid lines arc isotherms of
air temperature (°C.). Dashed lines are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed
height (m.} of each standard pressure surface is plotted for the northernmost radiosonde station of the section.
At other stations the difference of computed height minus the corresponding height at the northern station is shown
at each standard level,

FIGURE 20-UA-v6.—Vertical section of the atmosphere along 98°20" W., May 17-24, 1967, Solid lines are isotherms of
air temperature (°C.). Dashed lines are isopleths of mixing ratio of the air (g./kg ). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed
height (m.) of each standard pressure surface is plotted for the northernmost radiosonde station of the section,
At other stations the difference of computed height minus the corresponding height at the northern station is shown
at each standard level,

Surface and near-surface properties—Pages of various colors

FIGURE 30-T-s.—Temperature (°C.) at the sca surface, June-July 1967. These contours are based on Nansen cast data,

FIGURE 30-ML.—Thickness of the mixed layer in meters, June-July 1967. Dashed lines indicate portions of the cruise
track where such data were collected.

FIGURE 30-S-5—Salinity (%o) at the sea surface, June-July 1967, These contours are based on Nansen cast data.



FIGURE 30-O25a 10— Oxygen saturation (%) at 10 meters, June July 1967, Areas with less than 100 percent saturation
are shaded.

Properties on isanosteric surfaces—Pages of various colors
FIGURE 30-8300-z— Depth (m.) of the surface where §; = 300 cl./t, June-July 1967.

FIGURE 30-5-8300.—Salinity (%20) on the surface where 3, = 300 cl./t., June-July 1967, The table shows the
temperature corresponding to cach isohaline on the chart,

FIGURE 30-AP-3300.— Acceleration potential (j./kz.), relative to 500 db., on the surface where 8= 300 cl./t., June-July
1967, For computing acceleration potential, thermosteric anomaly, &z, was used instead of specific volume
anomaly, 5.

FIGURE 30-0,-8300.—Oxygen (ml./1.) on the surface where 8, = 300 cL./t., June-July 1967.
FIGURE 30-8250-z—Depth (m.) of the surface where &, =250 cl./t,, June-July 1967.

FIGURE 30-5-5250—Salinity (%a) on the surface where & = 250 cl./t, June-July 1967. The table shows the
temperature corresponding to cach isohaline on the chart.

FIGURE 30-AP-8250—Acceleration potential {j./kg.), relative to 500 db., on the surface where 3, — 250 cl./t., June-July
1567, For computing acceleration potential, thermosteric anomaly, 87, was used instead of specific volume
anomaly, 8.

FIGURE 30-0,-6250.—Oxygen (ml/1) on the surface where 8. = 250 cl./t., June-July 1967.
FIGURE 30-8200-2.— Depth (m.) of the surface where 8, — 200 cl./t., June July 1967,

FIGURF 30-S-8200— Salinity (%e) on the surface where 8y == 200 ¢l./t, June-July 1967. The table shows the
temperature corresponding to each isohaline on the chart,

PIGURE 30-AP-5200.—Aceeleration potential (j./kg.), relative to 500 db., on the surface where 8, ==200 cl./t., June-July
1967. For computing acceleration potential, thermosteric anomaly, 8, was used instead of specific valume
anomaly, 8.

FIGURE 30-0,-8200—Oxygen (ml./L) on the surface where 8 = 200 cl./t, June-July 1967.
TIGURE 30-8160-z.—Depth (m.) of the surface where 8 = 160 cl./t., June-July 1967.

FIGURE 30-5-8160.— Salinity (%) on the surface where 8 = 160 cl./t, June-July 1967. The table shows the
temperature corresponding to each isohaline on the chart.

FIGURE 30-AP-3160.—Acceleration potential {j./kg.), relative to 500 db,, on the surface where 8 = 160 cl./t., June-July
1967. For computing acceleration potential, thermosteric anomaly, 8, was used instead of specific volume:
anomaly, 8

FIGURE 30-Oa-160.—Oxygen (ml./1.) on the surface where 8, — 160 ¢l./t,, Junc-July 1967,

Meteorology— Blue pages

FIGURE 30-MW-1.—Analyses of the surface air pressure and surface winds from all available ship observations, averaged
over 2-degree (latitude-longitude) squares for the period June 1-16, 1957. Heavy dashed Tines are isobars. Solid lines
are streamlines showing the mean resultant direction of wind flow, Light dash-dot lines are isotachs indicating mean
resultant wind speed (kn.). Pressure (mb.) averaged for 5-degree squares is platted above the mean position of
the square, and resultant wind direction followed by speed (kn.) is plotted below. The monthly climatological position
of the intertropical convergence zone is shown by a wide dashed band.

FIGURE 30-MW-2.—Analyses of the surface air pressure and surface winds from all available ship observations, averaged
aver 2-degree (latitude-longitude) squares for the period June 17-30, 1967. Heavy dashed lines are isobars. Solid lines
are streamlines showing the mean resultant direction of wind flow. Light dash-dot lines are isotachs indicating mean
resultant wind speed (kn.). Pressure (mb.) averaged for 5-degrec squares is platied above the mean position of
the square, and resultant wind direction followed by speed (kn.) is plotted belaw. The monthly climatological pasition
of the intertrapical convergence zone is shown by a wide dashed band.

FIGURE 30-MW-3.—Analyses of the surface air pressure and surface winds from all available ship observations, averaged
over 2-degree (latitude-longitude) squares for the period July 1-15, 1967, Heavy dashed lines are isobars. Solid lines
are streamlines showing the mean resultant direction of wind flow. Light dash-dot lines are isotachs indicating mean
resultant wind speed (kn,). Pressure (mb.) averaged for 5-degree squares is plotted above the mean position of
the square, and resultant wind direction followed by speed (kn.) is plotted below. The monthly climatological position
of the intertropical convergence zone is shown by a wide dashed band.

FIGURE 30-MW-4.—Analyses of the surface air pressure and surface winds from all available ship observations, averaged
aver 2-degree {latitude-longitude) squares for the period July 16-31, 1967. Heavy dashed lines are isobars. Solid lines
are streamlines showing the mean resultant direction of wind flow. Light dash-dot lines are isotachs indicating mean
resultant wind speed (kn.). Pressure (mb.) averaged for 5-degree squares is plotted above the mean position of
the square, and resultant wind direction followed by speed (kn.) is plotted below. The monthly climatological position
of the intertropical convergence zone is shown by a wide dashed band.

FIGURE 30-MT-1.—Analysis of sea surface lemperatures based on averages for 2-degree (latitude-longitude) squares from
all available ship observations for the period June 1-16, 1967. Solid lines arc sca surface isotherms (°C.); the
isotherms are dashed where data are sparse Dark hatching outlines areas with positive temperature anomalies
(computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalies greater than 1°C. Sea surface temperature (°C. % 10) averaged for 5-degree squares is
plotted above the mean position of the square ; sea temperature minus air temperature difference (°C. X 10) is plotted
below the symbol.

FIGURE 30-MT-2—Analysis of sea surface temperatures based on averages for 2-degree (latitude-longitude] squares from
all available ship observations for the period June 17-30, 1967, Solid lines are sea surface isotherms (°C.); the
isotherms are dashed where data are sparse. Dark hatching outlines arcas with positive temperature anomalies
(computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
arcas with negative anomalies greater than 1°C. Sea surface temperature (°C, x 10) averaged for S-degree squares is
plotted above the mean position of the square; sea temperature minus air temperature difference (°C. % 10 is plotted
helow the symbal.

FIGURE 30-MT-3—Analysis of sea surface temperatures based on averages for 2-degree (latitude-longitude] squares from
all available ship observations for the period July 1-15, 1967, Solid lines are sea surface isotherms (°C.); the
isotherms are dashed where data are sparse. Dark hatching outlines areas with positive temperature anomalies
(computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalies greater than 1°C. Sea surface temperature (°C. % 10) averaged for 3-degree squares is
plotted above the mean position of the square ; sea temperature minus air temperature difference (°C. x 10) is plotted
below the symbol.

FIGURE 30-MT-4.— Analysis of sea surface temperatures based on averages for 2-degree (latitude longitude) squares from
all available ship observations for the period July 16-31, 1967, Solid lines are sea surface isotherms (°C.); the
isotherms are dashed where data are sparse. Dark hatching outlines areas with positive temperature anomalies
{computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatchings shows
areas with negative anomalies greater than 1°C. Sea surface temperature (°C. X 10) averaged for 5-degree squares is
plotted abave the mean position of the square ; sea temperature minus air temperature difference (°C. X 10 is plotted
below the symbol.

FIGURE-30-MC-1.—Analyses of the surface dew-point temperature of the air and total cloud cover based on 2-degree
{latitude-longitude) averages from all available ship observations for the month of June 1967, Solid lines depict
the monthly mean total cloud cover in oktas ; the lines are dashed where data are sparse. Dash-dot lines are isotherms
of the mean monthly dew-point temperature at 2-degree (C.) intervals. Areas where 15 percent or more of the ships
reported rain of any type at or within sight of the ship are shaded. Dew-point temperature (°C. X 10) averaged
for 5-degree squares is plotted above the mean position of the square, with total cloud cover (oktas) below and rain-
fall frequency (%) to the right of the symbol.

FIGURE 30-MC-2.—Analyses of the surface dew-point temperature of the air and total cloud cover based on 2-degree
(latitude-longitude) averages from all available ship observations for the month of July 1967. Solid lines depict
the monthly mean total cloud cover in oktas ; the lines are dashed where data are sparse. Dash-dot lines are isotherms
of the mean monthly dew-point temperature at 2-degree (. infervals. Areas where 15 percent or more of the ships
reported rain of any type at or within sight of the ship are shaded. Dew-point temperature (°C. X 10) averaged
for 5-degree squares is plotted above the mean position of the square, with total cloud cover (oktas) below and rain-
fall frequency (%) to the right of the symbol.

Temperature and salinity—White pages

FIGURE 30-T-v1.—Vertical distribution of temperature (°C.) along 118307 W., June 16-26, 1967.
FIGURE 30-T-v2—Vertical distribution of temperature (°C.) along 111°30° W, June 28 July 3, 1967.

FIGURE 30-T-v3.—Vertical distribution of temperature (°C.) along a section from 12° N, 111°30' W. to Manzanillo,
July 4.7, 1967. The contours from stations 132-148 are based on Nansen cast data only.

FIGURE 30-T-v4+—Vertical distribution of temperature {°C.) along a scction from Acapuleo to 12° N, 104°30° W,
July 10-13, 1967. These contours are based on Nansen cast data only.



FIGURE 30-T-v5.—Vertical distribution of temperature (°C.) along 104°30° W, July 13-18, 1967. These contours are based
on Nansen cast data anly.

FIGURE 30-T-v6.—Vertical distribution of temperature (°C.) along 97°30° W., July 20-27, 1967. These contours are based
en Nansen east data only.

FIGURE 30-S-v1.—Vertical distribution of salinity (c) along 118°30 W., June 16-26, 1967,

FIGURE 30-S-v2.—Vertical distribution of salinity (%) along 111730° W, June 28-July 3, 1967.

FIGURE 30-S-v3.—Vertical distribution of salinity (%) along a section from 12° N, 111°30" W. to Manzanillo, July 4-7,
1967. The contours from stations 132-148 are based on Nansen cast data only,

FIGURE 30-S-vd.—Vertical distribution of salinity {96e) along a section from Acapuleo to 12° N, 104°30 W, July 10-13,
1967, These contours are based on Nansen cast data only.

FIGURE 30-S-v5.—Vertical distribution of salinity (96a) along 104°30° W., July 13-18, 1967. These contours are based on
Nansen cast data only.

FIGURE 30-5-v6.—Vertical distribution of salinity (o0} alang 97°30¢ W, July 20-27, 1967, These contours are based on
Nansen cast data only.

Thermosteric anomoly and geestrophic velocity—Yellow pages
FIGURE 30-8-v1.—Vertical distribution of thermosteric anomaly, 8y, (cl./t.) along 118°30" W., June 16-26, 1967.
FIGURE 30-8-v2.—Vertical distribution of thermosteric anomaly, 8, (cl./t.) along 111°30" W, June 28-July 3, 1967.

FIGURE 30-8-v3.—Vertical distribution of thermosteric anomaly, 3., (cl./t.) along a section from 12° N., 111°30 W. to
Manzanillo, July 4-7, 1967, The contours from stations 132-148 are based on Nansen cast data only.

FIGURE 30-8-v4—Vertical distribution of thermosteric anomaly, 81, (cl./t.) along a section from Acapuleo to 12° N.,
104730r W, July 10-13, 1967. These contours are based on Nansen cast data only.

FIGURE 30-8-v3.—Vertical distribution of thermosteric anamaly, By, (el./t.) along 104°30 W, July 13-18, 1967, These
contours are based on Nansen cast data only.

FIGURE 30-8-v6.—Vertical distribution of thermosteric anomaly, 31, (cl./t.) along 97°30° W, Tuly 20-27, 1967. These
contours are based on Nansen cast data only.

FIGURT 30-G-v1.—Vertical distribution of the zonal component of geostrophic velocity (em./sec.), relative to 500 db.,
alomg 118730 W, June 17-26, 1967. Dark shading indicates eastward flow with a velocity greater than § em./sec.;
light shading indicates westward flow with a velocity greater than 5 em./sec.

FIGURE 30-G-v2.—Vertical distribution of the zonal component of geostrophic velocity {cm./sec.), relative 1o 500 db,,
along 111°30° W, June 28-July 3, 1967, Dark shading indicates eastward flow with a velocity greater than § em./sec
light shading indicates westward flow with a velocity greater than 5 em./sec.

FIGURE 30-G-v3.- Vertical distribution of the component of geostrophic velocity (em./sec.), relative to 500 db., normal
to a section from 12° N,, 111°30" W, to Manzanille, July 4-7, 1967. Dark shading indicates flow toward the south-
cast with a velocily greater than 5 em./sec.; light shading indicates flow toward the northwest with a velocity greater
than 5 em./sec.

i

FIGURE 30-G-v4.—Vertical distribution of the component of gevstrophic velocity (em./sec.), relative ta 500 db., normal
(o a section from Acapuleo to 12° N, 104°30° W, July 10-12, 1967. Dark shading indicates flow toward the southeast
with a velocity greater than 5 em./sec, ; light shading indicates flow toward the northwest with a velocity greater
than 5 em./sec.

FIGURE 30-G-v5,—Vertical distribution of the zonal component of geostrophic velocity {em./sec.), relative to 500 db.,
along 1047300 W, July 13-18, 1967. Dark shading indicates eastward flow with a velocity greater than 5 em./see.;
light shading indlicates westward flow with a velocity greater than 5 cm,/sec.

FIGURE 30-G-v6.—Vertical distribution of the zonal component of geastrophic velocity (em./scc.), relative to 500 db.,
along 97°30" W., July 2026, 1967. Dark shading indicates eastward flow with a velocity greater than 5 cm /sec. -
light shading indicates westward flow with a velocity greater than 5 cm, /sec,

Oxygen— Green pages
FIGURE 30-Oyvl.—Vertical distribution of oxygen (ml/L} alang 118°30° W., June 17-26, 1967,
FIGURE 30-O,-v2.—Vertical distribution of oxygen (mL/L) along 111°30° W., June 28-July 4, 1967.
FIGURE 30-Oy-v3.—Vertical distribution of oxygen
Tuly 47, 1967.

FIGURE 30-Oy-v4—Vertical distribution of oxygen
July 10-13, 1967,

FIGURE 30-O; v5.—Vertical distribution of oxygen
FIGURE 30-Og-v6.—Vertical distribution of oxygen

(ml/12) along 2 section from 12° N., 111°30° W. to Manzanillo,

(ml./1.) along a section from Acapulco to 12° N, 104°30° W,

(ml/LY along 104°300 W., July 13-18, 1967,
(ml./1) along 97°30 W., July 20-27, 1967.

Meteorology— Blue pages

FIGURE 30-UA-vl.—Vertical section of the atmosphere along 118°30° W., June 16-27, 1967. Solid lines are isotherms of
air temperature (°C.). Dashed lines are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed
height {m.} of each standard pressure surface is plotted for the northernmost radiosonde station of the section. At
other stations the difference of computed height minus the corresponding height at the northern station is shown
at cach standard level.

FIGURE 30-UA-v2—Vertical section of the atmosphere along 111°30" W., June 28-July 7, 1967. Solid lines are isotherms
of air temperature (°C.). Dashed lines are isapleths of mixing ratio of the air (g./kg.). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed
height (m.) of each standard pressure surface is plotted for the northernmost radiosonde station of the section, At
ather stations the difference of computed height minus the corresponding height at the northern station is shown
at each standard level.
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FIGURE 20-TC. — Locations of stations occupied by participating ships during the first monitor period. April-May 1967.
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FIGURE 20-T-s, — Temperature (°C} at the sea surface, April-May 1967, These contours are based on Nansen cast data.
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FIGURE 20-ML. — Thickness of the mixed layer in meters, April-May 1967. Dashed lines indicate portions of the cruise track where such data were collected.
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FIGURE 20-5-s.—Salinity (%

o) at the sea surface, April-May 1967. These contours are based on Nansen cast data.
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FIGURE 20-O;8a-10. — Oxygen saturation (%) at 10 meters, April-May 1967. Areas with less than 100% saturation are shaded.
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FIGURE 20-MT-2. — Analysis of sea surface temperatures based on averages for 2-degree (latitude-longitude) squares from all available ship observations for the
period April 16-30, 1967. Solid lines are sea surface isotherms (°C.); the isotherms are dashed where data are sparse. Dark hatching outlines areas with positive
temperature anomalies (computed from mean sea surface temperatures averaged over 22 years) greater than 1°C.; light hatching shows areas with negative
anomalies greater than 1° C. Sea surface temperature (°C. x 10) averaged for 5-degree squares is plotted above the mean position of the square; sea tempera-
ture minus air temperature difference (°C. x 10) is plotted below the symbol.
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FIGURE 20-UA-vl.—Vertical section of the atmosphere along 119°20" W., April 14-20, 1967. Solid lines are isotherms of
air temperature (°C.), Dashed lines are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is plotted
above surface mixing ratio and below a base line representing the surface pressure (mb.). The computed height (m.) of
each standard pressure surface is plotted for the northernmost radiosonde station of the section. At other stations the
difference of computed height minus the corresponding height at the northern station is shown at each standard level.
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FIGURE 20-UA-v2,—Vertical section of the atmosphere along 112°20° W., April
24-29, 1967. Solid lines are isotherms of air temperature (°C.). Dashed lines
are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is
plotted above surface mixing ratio and below a base line representing the
surface pressure (mb.). The computed height (m.) of each standard pressure
surface is plotted for the northernmost radiosonde station of the section. At
other stations the difference of computed height minus the corresponding height
at the northern station is shown at each standard level.
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FIGURE 20-UA-v5.—Vertical section of the atmosphere along 105°20° W., May 9-16, 1967. Solid lines
are isotherms of air temperature (“C.). Dashed lines are isopleths of mixing ratio of the air (g./kga.).
Surface air temperature is plotted above surface mixing ratio and below a base line representing the
surface pressure (mb.). The computed height (m.) of each standard pressure surface is plotted for
the northernmost radiosonde station of the section. At other stations the difference of computed height
minus the corresponding height at the northern station is shown at each standard level.
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FIGURE 20-UA-v6.—Vertical section of the atmosphere along 98°20° W., May 17-24, 1967. Solid lines are isotherms of air
temperature (°C.). Dashed lines are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is plotted above
surface mixing ratio and below a base line representing the surface pressure (mb.). The computed height (m.) of each
standard pressure surface is plotted for the northernmost radiosonde station of the section. At other stations the difference
of computed height minus the corresponding height at the northern station is shown at each standard level.
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FICURE 30-8-v].—Vertical distribution of thermosteric anomaly, #r, (cl./t.) along 118730 W., June 16-26, 1967.
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FIGURE 30-8-v2.—Vertical distribution of thermosteric anomaly, 81, (cl./t.) along
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FIGURE 30-UA-vl—Vertical section of the atmosphere along 118°30° W., June 16-27, 1967. Solid lines are isotherms of air temperature (°C.), Dashed lines
are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is plotted above surface mixing ratio and below a base line representing the surface
pressure (mb.). The computed height (m.) of each standard pressure surface is plotted for the northernmost radiosonde station of the section. At other stations
the difference of computed height minus the corresponding height at the northern station is shown at each standard level.
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FIGURE 30-UA-v2,—Vertical section of the atmosphere along 111°30° W., June 28 to July 7, 1967. Solid lines are isotherms of air
temperature (“C.). Dashed lines are isopleths of mixing ratio of the air (g./kg.). Surface air temperature is plotted above surface

mixing ratio and below a base line representing the surface pressure (mb.). The computed height (m.) of each standard pressure -
surface is plotted for the northernmost radiosonde station of the section. At other stations the difference of computed height minus
the corresponding height at the northern station is shown at each standard level.
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