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CLIMATOLOGICAL AND INTERANNUAL
VARIABILITY OF TEMPERATURE, HEAT STORAGE,
AND RATE OF HEAT STORAGE IN THE UPPER
OCEAN
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Ocean Climate Laboratory
National Oceanographic Data Center / NOAA

Silver Spring, Maryland

ABSTRACT

This atlas presents climatological fields of temperature, heat storage, and rate of heat storage in the upper 400 meters
of the world ocean as well as yearly estimates of these quantities for the 1960-1990 period. The results of fourier
analyses of the climatological monthly fields are presented. Decadal variability of upper ocean temperature fields in
each hemisphere of all three major ocean basins is observed. The decades 1960-70 and 1980-90 are relatively cool
compared to the 1970-80 decade. Basin-mean temperature anomalies at individual standard levels are characterized
by absolute values of the order 0.05-0.15 °C.

~1.INTRODUCTION ... .. ..

This atlas represents an effort to describe Ocean Atlas 1994 {WOQA94) database and analyses

systematically the climatological seasonal cycles of
temperature, heat storage, and the rate of heat storage

in the upper 400 m of the world ocean as well as the-

interannual variability of these quantities. Qur purpose
is to present a comprehensive visual description of the
seasonal cycle and interannual variability of the these
quantities for the upper ocean, It is now possible to do
this because of increases in the amount of data
available as part of the archives of historical ocean
profile data. The IOC/GODAR (Intergovernmental
Oceanographic Commission/Global Oceanographic
Data Archaeology and Rescue) project (Levitus ef al.
1994a) has increased the global ocean temperature
archives by more than 1.2 million temperature profiles.

Results presented in this atlas are based on the World

(Levitus and Boyer, 1994; Levitus et al., 1994b). We
use a revised version of the monthly climatological
monthly temperature fields that have been subjected to
additional quality control compared to the original
version of these fields made available as part of the
WOA94 CD-ROM series. These revised fields are
available via the Internet. Instructions on transferring
these data are available from the NODC World Wide
Web home page (www.nodc.noaa.gov),

We will only present brief, or in many cases, no
descriptions of many features that appear in the figures
presented in this atlas, particularly for the
climatological annual cycle. We believe much of the
information to be self-explanatory. We will present
brief descriptions of some of our results that describe



decadal variability but we will not attempt to give a
physical interpretation of these changes. Objectively
analyzed fields of surface marine data that are analyzed
with nearly identical methods as our fields are available
on CD-ROM and are shown in atias form (Da Silva
1994a,b,c.d,e). These fields should prove useful in
attempts to understand the causes of the upper ocean
temperature variability described in this atlas.

2. CLIMATOLOGICAL ANNUAL CYCLE
OF UPPER OCEAN TEMPERATURE

2.1 Zonally averaged climatological annual mean
and monthly anomaly temperature

Fig. Al shows the zonally averaged annual mean
temperature fields for the upper 400 m of the Pacific,
Atlantic, and Indian Oceans. (Fig. H19 shows the
division of the World Ocean that we have used). Figs.
A2-AS5 show zonally averaged monthly mean minus
annual mean difference fields for the Pacific Ocean.
Figs. A6-A9 and Figs. A10-13 show similar fields for
the Atlantic and Indian Oceans respectively.

2.2 Fourier analysis of global, climatological
monthly temperature fields at standard level
depths from the surface to 400 meters depth

To further describe the annual cycle of temperature we
present the results of fourier analyses of the
climatological seasonal cycle of temperature at each of
the fourteen standard levels from the sea surface
- -through 400 -m -depth. - -Figs.-B1-B13 -show - the
amplitude of the first harmonic at each of the upper
ocean standard levels. Figs. B14-B26 show the percent
variance accounted for by the first harmonic of
temperature at each standard level. Figs. B27-B39
show the phase of the first harmonic at each standard
level. We repeat this style of presentation for the
second harmonic of temperature at each standard level
presented in Figs. B40 - B78.

2.3 Zonal averages of fourier parameters of global,
climatological monthly temperature

Zonal averages of the fourier parameters presented in
Figs. B through B78 are shown in Appendix C.
Figs C1 shows the zonal averages of the amplitude of

the first harmonic, percent variance accounted by the
first harmonic, and the phase of the first harmonic for
the World Ocean. Fig. C2 shows the same quantities
for the second harmonic. Figs. C3-C8 show similar
fields for the Pacific, Atlantic, and Indian Oceans.

3. CLIMATOLOGICAL SEASONAL CYCLE
OF HEAT STORAGE IN THE UPPER 275
METERS OF THE WORLD OCEAN

For a vertical column of water, and using spherical
coordinates, we define climatological monthly heat
storage (H) (Levitus, 1984;1987) as

A®r g
_ Y] L ad . 3 I> H
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in which ¢, = 4.187 J g' K "' is the specific heat of
seawater, T, . is a climatological monthly mean
temperature field, T, is the climatological annual
mean temperature field, p, is the density of seawater
(1.02 g em™, and z represents depth. The upper and
lower limits of integration are the sea surface and 275
m depth in our computation, The radius of the earth is
denoted by ‘a’.

3.1 Climatological monthly mean ocean heat
storage

Figs.D1-D12 showthe global, monthly, climatological

heat storage fields in units of 10'*J.

3.2 Fourier analysis of climatological monthly
mean ocean heat storage

Figs. D13-D18 show the results of fourier analyses of
the monthly climatological fields that are shown in
Figs. D1-D12, We present the amplitude, phase, and
percent variance for each of the first two harmonics.

3.3 Seasonal cycle of zonally integrated monthly
mean ocean heat storage for the Atlantic,
Pacific, and Indian Oceans

Figs. D19-D22 present the zonally integrated heat
storage for the World Ocean and the Pacific, Atlantic,



and Indian Oceans. For the world ocean the range in
heat storage occurs at about 38°N and 40°S, the ranges
being about 40x10°J and 55x10%°J respectively. The
smaller range of the northern hemisphere is due to the
presence of land. It is well known and we document in
Figs. E19-E22 that when we plot heat storage quantities
or fluxes per unit area, the northern hemisphere values
are always larger than southern hemisphere
counterparts. In the tropics of the North Atlantic and
North Pacific the annual cycle of heat storage is out of
phase with the midlatitude annual cycle.

4. CLIMATOLOGICAL SEASONAL CYCLE
OF THE RATE OF HEAT STORAGE IN THE
OCEANS

The climatological annual cycle of the rate of heat
storage is defined as the time derivative of the heat
storage in the same manner as Levitus (1987). A time
increment of two months is used so that the January
rate of heat storage is defined as the February minus
December heat storage (H), divided by the number of
seconds in two months. The units of the rate of heat
storage are Wm?,

4.1 Climatological monthly mean rate of ocean
heat storage

Figs. E1-E12 show the global, monthly, climatological
rate of heat storage fields for the world ocean .

4.2 Fourier anmalysis of climatological monthly
mean rate of ocean heat storage

Figs. E13-E18 show the results of a fourier analysis

(first two harmonics) of the climatological monthly
fields shown in Figs. E1-E12. We present the
amplitude, phase, and percent variance for each of the
first two harmonics.

4.3 Seasonal cycle of zonally averaged rate of heat
storage for Atlantic, Pacific, and Indian oceans

E19-E22 present the zonally integrated rate of heat
storage for the World Ocean and the Pacific, Atlantic,
and Indian Oceans. The climatological annual range at
40°N is about 400 Wm? whereas the maximum range
in the southern hemisphere is about 350 Wm™? near 34
°S.

5. CLIMATOLOGICAL ANNUAL CYCLE
OF HEAT STORAGE AND THE RATE OF
HEAT STORAGE AVERAGED OVER THE
WORLD OCEAN AND INDIVIDUAL
HEMISPFHERES

Figs. Fla-c shows the monthly climatological heat
storage (per square meter) averaged for the southern
hemisphere, northern hemisphere, and the World
Ocean respectively.  Figs. F2-F4 show similar
quantities for the Pacific, Atlantic, and Indian oceans
respectively. Figs. F5-F8 show similar averages for the
rate of heat storage.

6. INTERANNUAL VARIABILITY OF
INTEGRATED HEAT STORAGE AND RATE

A AJAF RN E LF A NS

OF HEAT STORAGE

6.1 Zonally integrated heat storage as a function of
year (1960-90) and latitude for the World
Ocean and individual ocean basins

Figs. G1-G4 show estimates of yearly zonally
integrated upper ocean heat storage (0-275 m depth) as
a function of latitude for the period 1960-90 for the
World Ocean and for individual ocean basins. Fig. G2
indicates that the tropics and equatorial regions of the
Pacific display higher frequency variability ofrelatively
large magnitude ( plus or minus 4 x 10* J) as compared
to the extratropical regions. This variability appears to
be related to El Ninc events. For example Kiladis and
Diaz (1989) have noted that during the period 1960-
1990, the years 1963, 1965, 1969, 1972, 1976, 1982,
1986 are years when El Nino occurred. During three of -
these years (1963, 1972, 1976) the zonally integrated
heat storage at the equator is 2 relative positive
extremum. Two EI Nino events (1969, 1986) occurred
one year after relative extrema in zonally integrated
heat storage. The 1982 El Nino event occurred when
heat storage was zero and the 1965 El Nino occurred
during a period of negative heat storage. High
frequency variability is also observed along 15°N
latitude. The observed variability of heat storage in the
equatorial and northern tropics may reflect the “delayed
oscillator” El Nino theory described by Schopf and
Suarez (1988). Recently, Zhang and Levitus (1996,
1997a,b) have presented evidence for the existence of
this mechanism based on a more detailed analysis of
the same data we use in the present work. The tropical
Atlantic does not exhibit variability in heat storage as



observed in the Pacific. The Indian Ocean exhibits high
frequency variability in the equatorial region and also
along 14°S. The Pacific Qcean was in a cool state
during 1981-1986 whereas the other two oceans do not
exhibit a clear signal change.

Figs. G2-G4 indicate that all three oceans were in a
relatively cool state until the early 1970's when a
warming period began (also see next section). In the

" Pacific Ocean it appears that the warming occurred at
all latitudes. This indicates that the changes in northern
hemisphere climate described by Trenberth (1991) may
in fact be part of a global phenomenon. In the Atlantic
and Indian QOceans, the patterns are disjointed which
may reflect a real pattern or may be due to variations of
observations with time. Substantial amounts of data are
becoming available for the tropics and southern
hemisphere which will allow improved estimates in
future work.

6.2 Basin integrals of heat storage as function of
year 1960-90

Fig. G5 shows estimates of yearly heat storage
integrated over the World Ocean and the southern and
northern hemispheres for the period 1960-90. Figs. G6-
G8 show the results of similar computations for the
Pacific, Atlantic, and Indian oceans respectively.
These figures clearly document the change in heat
storage that occurred in the early 1970s in all three
oceans. The changes were more distinct in the North as
compared to the South Atlantic and clearer in the South
Indian Ocean compared to the North Indian Ocean,
perhaps due in part to the smaller volume of water that

--comprises - the “North ~Indian~ Ocean. ‘For the “basin

hemispheric integrals of heat storage, the switch from
negative to positive heat storage occurred during 1973
for the Indian and Atlantic Oceans, and during 1972 for
the Pacific Ocean. The range in heat storage during the
1960-90 period for the Pacific, Atlantic, and Indian
Oceans respectively is approximately the same, the
value being, 4 x 10%].

6.3 Zonally averaged rate of heat storage as a
function of year (1960-90) and latitude for the
World Ocean and Individual Ocean basins

Figs. G9-G12 show estimates of yearly zonally
averaged upper ocean rate of heat storage for the period
1961-89 for the World Ocean and for individual ocean

basins. Since this quantity is a derivative of the heat
storage it is a relatively noisier field.

6.4 Basin averages of rate of heat storage as
function of year 1960-20

Fig. G13 shows the rate of heat storage integrated over
the World Ocean and the southern and northern
hemispheres for the period 1961-89. Figs. G14-G16
show the results of similar computations for the
Pacific, Atlantic, and Indian oceans respectively, The
interannual range of the rate of heat storage exceeds 10
W m for the North Indian Ocean but is typically 4-5
W m? for the hemispheric averages of the other basins.

7. YEARLY (1960-90) TEMPERATURE
ANOMALY ESTIMATES FOR THE WORLD
OCEAN, INDIVIDUAL OCEAN BASINS, AND
SELECTED 10° LATITUDE BELTS

7.1 Yearly basin-mean temperature anomaly as a
function of depth

Fig. H1 shows yearly mean temperature anomaly
averaged over the entire World Ocean as a function of
depth. Figs. H2-H4 show similar estimates for the
northern hemisphere, southern hemisphere, Pacific,
Atlantic, and Indian Ocean basins individually. The
most interesting feature is the observation that there is
phase propagation upward for the North Pacific and
North Atlantic Oceans. A typical basin-mean
temperature anomaly at any depth level is of the order

~0.05-0,10°C.” Since “average anomalies for smaller

regions are commonly observed to be an order of
magnitude larger than this value as we document in a
later section, it is clear that cancellations of anomalies
of opposite sign is oceurring.

7.2 Yearly basin-mean temperature anomaly at
selected individual depths

Fig. H5 shows yearly mean temperature anomaly
averaged over the entire World Ocean for the sea
surface, 150 m, and 250 m depth levels. Figs. H6-H16
show similar curves for individual hemispheres and for
individual ocean basins and the hemispheric averages
within each ocean basin.



7.3 Yearly basin-mean temperature anomaly at
125 m depth for selected 10° latitude belts

Fig. HI7 shows the zonally averaged temperature
anomaly at 125 m depth for three ten-degree latitude
belts in the North Pacific Ocean (40-50° N, 30-40°N,
20-30°N). Fig. H18 shows the zonally averaged
temperature anomaly at 125 m depth for three ten-
degree latitude belts in the North Atlantic Ocean (50-
60°N, 40-50°N, 30-40°N). There are clear latitudinal
differences in the magnitude and even the sign of the
yearly anomaly fields within different latitude belts of
the same ocean basins. The interannual range of the
mean temperature anomalies in these particular belt is
of the order 0.5°C and is less than 0.8°C.

8. FUTURE WORK

Substantial amounts of historical temperature data are
being added to the digital archives of NODC/WDC-A.
Future work describing the interannual variability of
upper ocean thermal structure will focus on extending

the historical record back in time and improving
representativeness of the yearly anomaly fields. Fields
with greater temporal resolution (three or six-month
seasonal composites) may be prepared and analyzed in
order to provide more insight into the physics
responsible for these variations in upper ocean
temperature fields. For selected periods the analyses
may be extended to greater depths (as data permit),
Progressively earlier generations of BTs had shallower
penetration depths so analyses are limited by this fact.

Future work will also include producing semi-monthly
climatological fields and perhaps increasing spatial
resolution for these fields as represented by the work of
Boyer and Levitus (1997).
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Fig. B4 Amplitude ( °C ) of the 1st harmonic of the annual temperature cycle at 30 m depth
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Fig. B5 Amplitude (°C ) of the 1st harmonic of the annual temperature cycle at 50 m depth
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Fig. B6 Amplitude (°C) of the 1st harmonic of the annual temperature cycle at 75 m depth
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Fig. B7 Amplitude ( °C) of thef 1st harmonic of the annual temperature cycle at 100 m depth
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Fig. B8 Amplitude ( °C ) of the 1st harmonic of the annual temperature cycle at 125 m depth
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Fig. B9 Amplitude (°C ) of the 1st harmonic of the annual temperature cycle at 150 m depth
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Fig. B10 Amplitude ( °C ) of thgé 1st harmonic of the annual temperature cycle at 200 m depth
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Fig. B11 Amplitude ( °C) of the 1st-harmonic of the annual temperature cycle at 250 m depth
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Fig. B12 Amplitude ( °C) of the 1st harmonic of the annual temperature cycle at 300 m depth
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Fig. B13 Amplitude (°C ) of thé 1st harmonic of the annual temperature cycle at 400 m depth
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Fig. B14 Percent variance explairied by 1st harmonic of the annual temperature cycle at the surface
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Fig. B15 Percent variance explained by 1st harmonic of the annual temperature cycle at 10 m depth
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Fig. B16 Percent variance explained by 1st harmonic of the annual temperature cycle at 20 m depth
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Fig. B17 Percent variance explainéd by 1st harmonic of the annual temperature cycle at 30 m depth
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Fig. B18 Percent variance explaiﬁed by 1st harmonic of the annual temperature cycle at 50 m depth
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Fig. B19 Percent variance explainéd by 1st harmonic of the annual temperature cycle at 75 m depth
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Fig. B20 Percent variance explainéd by 1st harmonic of the annual temperature cycle at 100 m depth
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Fig. B21 Percent variance explained by 1st harmonic of the annual temperature cycle at 125 m depth
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Fig. B22 Percent variance explained by 1st harmonic of the annual temperature cycle at 150 m depth
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Fig. B23 Percent variance explained by 1st harmonic of the annual temperature cycle at 200 m depth
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Fig. B24 Percent variance explainéd by 1st harmonic of the annual temperature cycle at 250 m depth
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Fig. B25 Percent variance explained by 1st harmonic of the annual temperature cycle at 300 m depth
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Fig. B26 Percent variance explainéd by 1st harmonic of the annual temperature cycle at 400 m depth
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Fig. B27 Phase (months) of the 1st harmonic of the annual temperature cycle at the sea surface
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Fig. B28 Phase {months) of the 1st harmonic of the annual temperature cycle at10 m depth
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Fig. B29 Phase {months) of the 1st harmonic of the annual temperature cycle at 20 m depth
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Fig. B30 Phase (months) of the 1st harmonic of the annual temperature cycle at 30 m depth
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Fig. B31 Phase (months) of the 1st harmonic of the annual temperature cycle at 50 m depth
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Fig. B32 Phase (months) of the 1st harmonic of the annual temperature cycle at 75 m depth
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Fig. B34 Phase (months) of the 1st harmonic of the annual temperature cycle at 125 m depth
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Fig. B35 Phase (months) of thé 1st harmonic of the annual temperature cycle at 150 m depth
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Fig. B36 Phase (months) of thé 1st harmonic of the annual temperature cycle at 200 m depth
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Fig.B37 Phase (months) of the 1st harmonic of the annual temperature cycle at 250 m depth
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Fig. B38 Phase (months) of thé 1st harmonic of the annual temperature cycle at 300 m depth
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Fig. B39 Phase (months) of thé 1st harmonic of the annual temperature cycle at 400 m depth
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Fig. B40 Amplitude (°C) of the 2nd harmonic of the annual temperature cycle at the sea surface
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Fig. B41 Amplitude ( °C ) of the 2nd harmonic of the annual temperature cycle at 10 m depth



Latitude

Longitude

1?05 180 150W 120W 90w 60W 30w GM 30E

0E 680E S0E 120E

30E 60E 90E 120E 1$0E 180 150W 120W AaOW BOW 30w GM 30E
Contour Interval 0.50

Minimum Value 0.00 Maximum Value 2.06

Fig. B42 Amplitude (°C) of thtje 2nd harmonic of the annual temperature cycle at 20 m depth
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Fig. B43 Amplitude (°C) of thé 2nd harmonic of the annual temperature cycle at 30 m depth
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'Fig. B44 Amplitude (°C) of thé 2nd harmonic of the annual temperature cycle at 50 m depth
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Fig. B45 Amplitude (°C) of thé 2nd harmonic of the annual temperature cycle at 75 m depth
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Fig. B46 Amplitude (°C) of thé 2nd harmonic of the annual temperature cycle at 100 m depth
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Fig. B47 Amplitude ( °C ) of theéan harmonic of the annual temperature cycle at 125 m depth
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Fig. B48 Amplitude (°C) of thé 2nd harmonic of the annual temperature cycle at 150 m depth
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. B49 Amplitude (°C ) of the§2nd harmonic of the annual temperature cycle at 200 m depth
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Fig. B5S0 Amplitude ( °C) of thé 2nd harmonic of the annual temperature cycle at 250 m depth
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Fig. B51 Amplitude (°C) of the 22nd harmonic of the annual temperature cycle at 300 m depth
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Fig. B52 Amplitude (°C ) of thé 2nd harmonic of the annual temperature cycle at 400 m depth
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Fig. B53 Percent variance explained by 2nd harmonic of the annual temperature cycle at the surface



Longitude

120E 1 505 180 150W 120W 20w BOW oW GM 0E

30E 60E S0E

Latitude

30E 60E 90E 120E 150E 180 150W 120W 90W BOW 30W GM 30E

Minimum Value 0.00 | Maximum Value 94,09 Contour Intetval 30,00

Fig. B54 Percent variance explainéd by 2nd harmonic of the annual temperature cycle at 10 m depth
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Fig. B55 Percent variance explainéd by 2nd harmonic of the annual temperature cycle at 20 m depth
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Fig. B56 Percent variance explaine:d by 2nd harmonic of the annual temperature cycle at 30 m depth
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Fig. B57 Percent variance explainéd by 2nd harmonic of the annual temperature cycle at 50 m depth
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Fig. B58 Percent variance explained by 2nd harmonic of the annual temperature cycle at 75 m depth



Longitude

30E 60E S0E 120E 150E 180 150W 120W oow

80W 0w GM 30E

Latitude

30E 60E S0E 120E 150E 180 150W 120W g0W 60W 30W GM 30E

Minimum Value 0.00 Maximum Value 96.48 Contour Interval 30.00

Fig. B59 Percent variance explaineb by 2nd harmonic of the annual temperature cycle at 100 m depth



Latitude

Longitude

I0E 60E 90E 120E 150E 180 150W - 120W SOW eowW oW GM 30E

30W GM 30E

180 150W 120W 0w 60W

30E 60E 90E 120E 150E

Minimum Value 0.00 | Maximum Value 95.71 Contour Interval 30.00

Fig. B60 Percent variance explained by 2nd harmonic of the annual temperature cycle at 125 m depth
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Fig. B61 Percent variance explaine:d by 2nd harmonic of the annual temperature cycle at 150 m depth
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Fig. B62 Percent variance explainéd by 2nd harmonic of the annual temperature cycle at 200 m depth
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Fig. B63 Percent variance explained by 2nd harmonic of the annual temperature cycle at 250 m depth
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- Fig. B64 Percent variance explainéd by 2nd harmonic of the annual temperature cycle at 300 m depth
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Fig. B65 Percent variance explained by 2nd harmonic of the annual temperature cycle at 400 m depth
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Fig. B66 Phase (months) of the énd harmonic of the annual temperature cycle at the sea surface
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Fig. B67 Phase (months) of thé 2nd harmonic of the annual temperature cycle at 10 m depth
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Fig. B68 Phase (months) of thé 2nd harmonic of the annual temperature cycle at 20 m depth
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Fig. B69 Phase (months) of thé 2nd harmonic of the annual temperature cycle at 30 m depth
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Fig. B70 Phase (months) of thie 2nd harmonic of the annual temperature cycle at 50 m depth
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Fig. B71 Phase (months) of thé 2nd harmonic of the annual temperature cycle at 75 m depth
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Fig. B72 Phase (months) of the 2nd harmonic of the annual temperature cycle at 100 m depth
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Fig. B73 Phase (months) of the 2nd harmonic of the annual temperature cycle at 125 m depth
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Fig. B74 Phase (months) of thei 2nd harmonic of the annual temperature cycle at 150 m depth
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Fig. B75 Phase (months) of the} 2nd harmonic of the annual temperature cycle at 200 m depth
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Fig. B76 Phase (months) of the 2nd harmonic of the annual temperature cycle at 250 m depth
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Fig. B77 Phase (months) of thef 2nd harmonic of the annual temperature cycle at 300 m depth
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Fig. B78 Phase (months) of thé 2nd harmonic of the annual temperature cycle at 400 m depth
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Fig.D1 Janueiiry heat storage (10"J) integrated through 275 m depth
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Fig.D2 Febréjary heat storage {10"J) integrated through 275 m depth
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Fig.D3 Ma:f'ch heat storage (10"J) integrated through 275 m depth
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Fig.D4 April heat storage (10"J) integrated through 275 m depth
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Fig.D5 Majly heat storage (10™J) integrated through 275 m depth
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Fig.D6 Juha heat storage {10™J) integrated through 275 m depth
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Fig.D7 Juiy heat storage (10"J) integrated through 275 m depth
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Fig.D8 Auéust heat storage (10"J) integrated through 275 m depth
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Fig.D9 Septerinber heat storage (10"J) integrated through 275 m depth
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Fig.D10 Octjober heat storage (10"J) integrated through 275 m depth
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Fig.D11 Novémber heat storage (10"J) integrated through 275 m depth
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Fig.D12 December heat storage (10"J) integrated through 275 m depth
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Fig.D13 Amplitude (10"J) of 1st harmonic of the annual cycle of
heat storage for the 0-275 m layer
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Fig.D14 Perceht variance explained by 1st harmonic of the annual cycle of
i heat storage for the 0-275 m layer
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Fig.D16 Amplitude (10™J) of 2nd harmonic of the annual cycle of
! heat storage for the 0-275 m layer
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Fig.D17 Percent variance explained by 2nd harmonic of the annual cycle of
heat storage for the 0-275 m layer
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Fig.D18 ﬁhase {months) of 2nd harmonic of the annual cycle of
heat storage for the 0-275 m layer
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through 275 m depth for the World Ocean
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Fig. D20 Zonally integrated heat storage ( 1020J ) veriically integrated
through 275 m depth for the Pacific Ocean
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Fig. D21 Zonally integrated heat storage ( 1020J ) vertically integrated
through 275 m depth for the Atlantic Ocean
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Fig. D22 Zonally integrated heat storage ( 1020J ) vertically integrated
through 275 m depth for the Indian Ocean
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Fig. E1 Rate of heat storiage (W/M?) integrated through 275 m depth for January
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Fig. E2 Rate of heat stor?ge (W/M?) integrated through 275 m depth for February
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Fig. E3 Rate of heat stdrage (W/M’) integrated through 275 rn depth for March
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Fig. E4 Rate of heat storage (W/M®) integrated through 275 m depth for April
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Fig. E5 Rate of heat stbrage (W/M?) integrated through 275 m depth for May
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Fig. E6 Rate of heat stbrage (W/M?) integrated through 275 m depth for June
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Fig. E7 Rate of heat storage (W/M?) integrated through 275 m depth for July
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Fig. E8 Rate of heat stdrage (W/M?) integrated through 275 m depth for August
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Fig. E9 Rate of heat storage (W/M°) integrated through 275 m depth for September



Latitude

Longitude

30E 80E 90E 120E 1SjoE 180 150W 120w «aow eow 30w GM I0E
75N z it 75N

60N

45N

mN i

15N

EQ

158

30E 60E SO0E 120E 150E 180 150W 120W S0W 60W oW GM 30E

Minimum Value-655.80 Maximum Value 705.55 Contour Interval 250.00

Fig. E10 Rate of heat stojrage (W/M?) integrated through 275 m depth for October
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Fig. E11 Rate of heat storége (W/M?) integrated through 275 m depth for November
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Fig. E12 Rate of heat storége (W/M?) integrated through 275 m depth for December
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Fig.E13 Aﬁmp!ﬂude (W/M? of 1st harmonic of the annual cycle of
the rate of heat storage for the 0-275 m layer
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Fig.E14 Pemeﬁt variance explained by 1st harmonic of the annual cycle of
the rate of heat storage for the 0-275 m layer
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Fig. E20 Zonally averaged rate of heat storage (W*M'2) vertically integrated
through 275 m depth for the Pacific Ocean
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Fig. H5 Annual mean temperature deviations (°C) from the 1960-90 mean
for the World Ocean at (a) the surface, (b) 150 m depth, and {(¢) 2560 m depth



1960 1965

1970 1975

1980

1985 1990

PR I S W W T N T TR SN NN N SR WANK WA TP N WA TR NN NN N NN SR NN NN NN TR NN NN R N

(b)

SRR

L) l L) ¥ L) L I L] L L) L) I LJ L] L] L) l ¥ L] L] L) l LI ¥ L] L] ' L] L] L] L] l 1

1960 1965 1970 1975 1980 1985 1990
. Year

Fig. H6 Annual mean temperature deviations (°c) from the 1960-80 mean
for the Northern Hemisphere at (a) the surface, (b) 150 m depth, and
(c) 250 m depth



1960 1965 1970 1975 1980

1985 1990
I IR N VA W N NS SO TR W (N TR S SN WS NN ST SN VAT NN N SN W SHNT AN N VRN THAT NN N
0.2 — (a) — 0.2
i B IE : [
0.0 == - m§ @rﬁﬁ s — 0.0
- L
-0.2 — —-0.2
(b)
0.2 — 0.2
6 - L
Q_ — —
) - .
..3 0 0 D B e et Y .. B ™ __Eﬂ_m _0.0
qh, = EE l‘: -
o o
2 | ]
@
~ - =
-0.2 — —-0.2
B - ; o (e) -
0.2 — — 0.2
- i L
0.0 B . 0.0
] | 5
-0.2 — —-0.2
¥ l Ll ', v ¥ l ¥ L] L) ¥ I ¥ ¥ L) L) l L e i L) L) ] L] L ER L} ' LA T ¥ L I ¥
1960 1965 1970 1975 1980 1985 1990

Year

Fig. H7 Annual mean temperature deviations (°C) from the 1960-80 mean

for the Southern Hemisphere at (a) the surface, (b) 150 m depth, and

{c) 250 m depth
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Fig. H8 Annual. mean temperature deviations (°C) from the 1960-80 mean
for the Pacific Ocean at (a) the surface, (b) 150 m depth, and (c) 250 m depth
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Fig. H9 Annual mean temperature deviations (°C) from the 1960-90 mean
for the North Pacific at (a) the surface, (b) 150 m depth, and (c) 250 m depth
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Fig. H10 Annual mean temperature deviations (°C) from the 1960-90 mean
for the South Pacific at (a) the surface, (b) 150 m depth, and {c) 250 m depth
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Fig. H11 Annual mean temperature deviations (°C) from the 1960-90 mean
for the Atlantic Ocean at (a) the surface, (b) 150 m depth, and (c) 250 m depth
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Fig. H12 Annual mean temperature deviations (°C) from the 1860-90 mean
for the North Atlantic at {a) the surface, (b) 150 m depth, and (¢) 250 m depth
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Fig. H13 Annual mean temperature deviations (°C) from the 1960-90 mean
for the South Atlantic at (a) the surface, (b) 150 m depth, and (c) 250 m depth
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Fig. H14 Annual mean temperature deviations (°C) from the 1960-90 mean
for the Indian Ocean at (a) the surface, (b) 150 m depth, and (c) 250 m depth
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Fig. H15 Annual mean temperature deviations (°C) from the 1960-90 mean
for the North Indian at (a) the surface, (b) 150 m depth, and (¢) 250 m depth
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Fig. H16 Annual mean temperature deviations (°C) from the 1860-90 mean
for the South Indian at (a) the surface, (b) 150 m depth, and (c) 250 m depth
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Fig.H17 Zonally averaged annual mean tem perature deviations (°C)
from the 1960-90 mean in the North Pacific at 125 m depth:

(a) 40°N-50°N , (b) 30°N-40°N, and (c) 20°N-30°N
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Fig.H18 Zonally averaged annual mean temperature deviations (°C)
from the 1960-80 mean in the North Atlantic at 125 m depth:

(a) 50°N-60°N , (b) 40°N-50°N, and (c) 30°N-40°N
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