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Determination of monthly mean sea surface temperature from
1981 to 1990 by the NOAA-AVHRR in the equatorial Pacific
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Abstract—To scrutinize the primary productivity in the equatorial region, it is
essential to evaluate the fluctuations of equatorial upwelling events associated
with El Nind. The monthly mean sea surface temperature maps processed and
archived by the National Environmental Satellite Data and Information Service
(NESDIS) were used as indicators to determine the El Nind events.

The seasonal variations of sea surface temperature (SST) were larger in the
eastern Pacific than in the western Pacific. The differences of minimum and
maximum temperatures were about 7°C at 90°W and about 3°C at 160°E. The area
where SST is higher than 28°C and its seasonal variations are small can only be
seen west of 180° in normal condition. On the other hand, SST becomes higher
than 28°C in almost all of the equatorial region during El Nind events. It is
suggested that the 28°C-SST contour line in the equatorial region can be used as
a good indicator for the El Nind events.

INTRODUCTION

The composite image of ocean phytoplankton pigment concentration (NASA, 1989)
estimated from the ocean color by the Coastal Zone Color Scanner (CZCS) on the
Nimbus-7 satellite from November 1978 to June 1981 represents high pigment
concentrations in the coastal upwelling regions off the west coast of America and
Africa (Fig. 1). High concentrations are also found in coastal and northern regions.
On the other hand, the open ocean is characterized by its low phytoplankton biomass
and presumably low productivity. However, the equatorial Pacific even in the open
ocean shows high chlorophyll concentrations and probably high primary productiv-
ity. This high biological productivity is due to the equatorial upwelling induced by
the easterly trade winds.

In the equator, the westward-blowing trade wind gives rise to a westward flow
along the equator in the surface layer which is called the South Equatorial Current
found roughly between 5°S and 5°N in the Pacific Ocean (WYRTKI and KILONSKY,
1984). A divergence of water occurs in the surface layer at the equator because of the
combination of the Equatorial Current and the Coriolis force. Subsurface water is
then upwelled to the surface. The mixed layer in the western equatorial region is
generally deeper than that in the eastern region of the Pacific; about 150 m at the date
line (180°) and only 20 m at 90°W (COLIN ez al., 1971). This means that the upwelled
subsurface water fertilize the surface layer greater in the east than in the west.
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Sea surface temperature from 1981 to 1990 by the NOAA-AVHRR
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Fig. 2. Tentative sea surface chlorophyll concentration, in (a) the eastern, (b) the central
and, (c) the western Pacific, collected by a merchant ship from 1978 to 1989 (DANDONNEAU,

1992).
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The upwelled water off Peru and Ecuador supported anchovy fishery reaching
about 107 tons/year of fish in a good year (BARBER and CHAVEZ, 1983). From
November to December, the warm water comes down from the equatorial region to
the above region and disrupts the upwelling terminating the nutrient supply from
below. This is called “El Nind”, which means the Christ-child in Spanish. In normal
years the El Nind lasts only a few months. However, every 3-7 years, the El Nind
event lasts fora whole year (SAEKI, 1992). Then, the anchovy fishery declines to one-
fifth of the peak catches. The El Nind event is recognized only in the restricted
regions, i.e., the coasts of Peru and Ecuador, but is a part of a coupled atmosphere-
ocean interaction on a global scale called ENSO (EI Nind/Southern Oscillation)
(RASMUSSON and CARPENTER, 1982; RASMUSSON and WALLACE, 1983).

DANDONNEAU (1992) carried out the monitoring of sea surface chlorophyll
concentration collected by merchant ships in the tropical Pacific (Fig. 2). High
phytoplankton biomass is observed in the eastern and central equator and low
biomass is observed in the western equatorial region, conforming with the results
from the analysis of the CZCS data along the Pacific equator (HALPERN and FELDMAN,
1994).

BARBER and CHAVEZ (1983) showed the differences of nitrate, chlorophyll, and
primary productivity in the eastern equatorial Pacific between normal (April 1982)
and EIl Nind conditions (March 1983). Averaged surface nitrate concentration from
2°N t0 2°S at 94°W was 5.3 mmol m3 in the normal and 0.1 mmol m 3 in the E1 Nind
phase, corresponding to the values of chlorophyll a concentrations of 0.22 and 0.16
mg m~3 and surface primary productivities of 15.6 and 3.0 mgC m—3d-!, respectively.

To scrutinize the primary productivity in the equatorial regions, it is essential
to evaluate the fluctuations of equatorial upwelling events associated with possible
El Nind. For this purpose, the mean sea surface temperature distributions may be a
good indicator to determine the El Nind events. In the present study, sea surface
temperature determined by NOAA/AVHRR satellite was used for the elucidation.

DATA

An upwelling area can be detected as a region with by lower sea surface
temperature lower than that of the surrounding regions. Therefore, the monthly mean
sea surface temperature maps processed and archived by the National Environmental
Satellite Data and Information Service (NESDIS) were used here (NASDA, 1992).
These data were mapped at every 2.5° latitude and longitude, respectively, from
November 1981 to the end of 1990.

RESULTS

The global monthly mean sea surface temperature maps from January to
December 1988 are shown in Fig. 3. The low temperature region such as 17°-24°C
colored in greenish yellow and yellow extends from off Peru to the central Pacific.
The tongue-shaped low temperature regions decreased during summer in the
southern hemisphere. The high temperature regions were found in the western
Pacific. All these features are shown as the typical normal condition.






