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OCEAN VARIATIONS DURING AN EL NIÑO

OBJECTIVE

Students will analyze satellite images of sea surface temperature, sea surface topography, and wind
data from an El Niño period and compare and contrast these data with non-El Niño conditions.

CONCEPTS

• An El Niño is thought to be triggered when steady westward blowing trade winds weaken and
even reverse direction in the western Pacific Ocean, near New Guinea and Australia.

• This change in the winds allows the large mass of warm water that is normally located in the
western Pacific to move eastward along the equator until it reaches the coast of South America.

• This displaced pool of unusually warm water affects evaporation and where rain clouds form.
This alters the typical atmospheric jet stream patterns around the world.

• Scientists are studying information from satellites and in-water buoys to better understand the
causes and effects of an El Niño.

MATERIALS

• Data images from an El Niño year (included for March, May, and September 1997)
1. Sea surface height anomaly
2. Sea surface winds mean and anomaly
3. Sea surface temperature mean and anomaly

• Data images from a non-El Niño year (included for March, May, and September 1996)
Note: Images for #1 are from http://podaac.jpl.nasa.gov/topex/www/cycle_archive.html
Images for #2 and #3 are available from http://www.pmel.noaa.gov/toga-tao/realtime.html

PREPARATION

Each group of students should have either a set of color-coded figures, or time on the computer to
study the images on screen.  Alternatively, you can conduct this lesson as a class discussion and use a
large monitor or an overhead projector with color transparencies of the satellite images.

You may choose to have students research, before or after this activity, more about the background
of El Niño and its effects, including in the Expedition section of this CD-ROM, on these World Wide
Web sites:
• “An El Niño Theme Page: What is El Niño?” http://www.pmel.noaa.gov/toga-tao/el-nino/home.html
• “ENSO Primer”  http://nsipp.gsfc.nasa.gov/primer/englishprimer1.html

PROCEDURE

Engagement

During the late 16th century, Spanish colonists who settled along the coasts of Peru and Ecuador first
wrote of the warm current that occurred around Christmas time (El Niño is Spanish for the Christ child).

http://podaac.jpl.nasa.gov/topex/www/cycle_archive.html
http://www.pmel.noaa.gov/toga-tao/realtime.html
http://www.pmel.noaa.gov/toga-tao/el-nino/home.html
http://nsipp.gsfc.nasa.gov/primer/englishprimer1.html
Standards & Benchmarks
Science Standard  1,  Grades 3-5  Knows that water can change from one state to another (solid, liquid, gas) through various processes (e.g., freezing, condensation, precipitation, evaporation) Science Standard  1,  Grades 3-5  Knows that clouds and fog are made of tiny droplets of water Science Standard  1,  Grades 3-5  Knows that air is a substance that surrounds us, takes up space, and moves around us as windScience Standard  1,  Grades 6-8  Knows the composition and structure of Earth's atmosphere (e.g., temperature and pressure in different layers of the atmosphere, circulation of air masses) Science Standard  1,  Grades 6-8  Knows ways in which clouds affect weather and climate (e.g., precipitation, reflection of light from the Sun, retention of heat energy emitted from Earth's surface)Science Standard  1,  Grades 6-8  Knows factors that can impact Earth's climate (e.g., changes in the composition of the atmosphere; changes in ocean temperature; geological shifts such as meteor impacts, the advance or retreat of glaciers, or a series of volcanic eruptions)Science Standard  1,  Grades 6-8  Knows the processes involved in the water cycle (e.g., evaporation, condensation, precipitation, surface run-off, percolation) and their effects on climatic patternsScience Standard  1,  Grades 6-8  Knows that the Sun is the principle energy source for phenomena on Earth's surface (e.g., winds, ocean currents, the water cycle, plant growth) Science Standard  1,  Grades 9-12  Knows how winds and ocean currents are produced on Earth's surface (e.g., effects of unequal heating of Earth's land masses, oceans, and air by the Sun;  effects of gravitational forces acting on layers of different temperatures and densities in the oceans and air; effects of the rotation of Earth)Science Standard  3,  Grades 9-12  Knows ways in which technology has increased our understanding of the universe (e.g., visual, radio, and x-ray telescopes collect information about the universe from electromagnetic waves; computers interpret vast amounts of data from space; space probes gather information from distant parts of the Solar System; accelerators allow us to simulate conditions in the stars and in the early history of the universe) Geography Standard  1,  Grades 9-12  Knows the characteristics and uses of geographic technologies (e.g., geographic information systems (GIS) and satellite-produced imagery) Geography Standard  7,  Grades 3-5  Knows the physical components of Earth's atmosphere (e.g., weather and climate), lithosphere (e.g., landforms such as mountains, hills, plateaus, plains), hydrosphere (e.g., oceans, lakes, rivers), and biosphere (e.g., vegetation and biomes)Geography Standard  7,  Grades 6-8  Knows the major processes that shape patterns in the physical environment (e.g., the erosional agents such as water and ice, earthquake zones and volcanic activity, the ocean circulation system)Geography Standard  7,  Grades 9-12  Understands the effects of different physical cycles (e.g., world atmospheric circulation, ocean circulation) on the physical environment of Earth Geography Standard  7,  Grades 9-12  Understands how physical systems are dynamic and interactive (e.g., the relationships between changes in landforms and the effects of climate such as the erosion of hill slopes by precipitation, deposition of sediments by floods, and shaping of land surfaces by wind)Math Standard  6,  Grades 3-5   Understands that data represent specific pieces of information about real-world objects or activities Math Standard  6,  Grades 3-5   Understands that spreading data out on a number line helps to see what the extremes are, where the data points pile up, and where the gaps are Math Standard  6,  Grades 3-5   Reads and interprets simple bar graphs, pie charts, and line graphs Math Standard  6,  Grades 6-8   Understands basic characteristics of measures of central tendency (i.e., mean, mode, median) Math Standard  6,  Grades 6-8   Understands basic characteristics of frequency and distribution (e.g., range, varying rates of change, gaps, clusters) Math Standard  6,  Grades 6-8   Reads and interprets data in charts, tables, plots (e.g., stem-and-leaf, box-and-whiskers, scatter), and graphs (e.g., bar, circle, line)  
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When this exceptionally warm current appeared, fish catches suffered because the upwelling of cold,
plankton-rich offshore water was suppressed. Modern-day researchers use the term El Niño to describe
not only displaced warm ocean waters along the equator but also related shifts in atmospheric conditions
in the tropics and throughout the world. When El Niño occurs, some parts of the globe suffer from
drought, while others experience too much rain.

Scientists use satellite and in-water buoy data to detect and track El Niño along the equatorial Pacific
Ocean, including:

1. Sea surface height anomaly
2. Sea surface winds mean and anomaly
3. Sea surface temperature mean and anomaly

Sea Surface Height and Anomaly

Sea surface height that is caused by ocean circulation is shown in Figure 1.
However, there are slight deviations from this long-term, “basic” pattern that are mostly caused by

short-term changes in ocean heat storage and ocean winds.

Figure 1.  Sea Surface Height.  Ocean currents are associated with “hills” and “valleys” in sea
level. These long-lived features show some change through time, called sea surface height anomaly.
Data shown are from the TOPEX/Poseidon satellite.
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 Sea surface anomaly maps help scientists easily see how short-term sea surface height deviates from
long-term circulation patterns. Figure 2 shows sea surface height anomaly maps for 10-day periods in
March, May, and September of 1996 and 1997.

Sea Surface Temperature Mean and Anomaly
Suppose that sea surface temperature is taken daily at a certain station in the Pacific during June

1997.  Furthermore, suppose that the temperatures at this station stay fairly constant over the 30-day pe-
riod. When all the temperatures are added together and divided by 30 they are found to be 27°C (Cel-
sius). In this simple example, 27°C is the mean temperature for that month.

Suppose that the mean surface water temperature during June, when averaged over many years, is
25°C. Then, June 1997 would have a sea surface temperature anomaly of +2°C when compared to a
“normal” month of June. Likewise, if June 1997’s data averaged to 23°C, its sea surface temperature
anomaly would be -2°C. Scientists use data from many stations or locations and “difference” the mean
data to make anomaly maps. This makes it simple to spot unusual trends over large areas. Figure 3
shows color-coded mean and anomaly maps for sea surface temperature.

Ocean Surface Winds Mean and Anomaly
Data maps such as Figures 2 and 3 help scientists see the tell-tale signs of well-developed El Niño

conditions, including above-average sea surface height and higher-than-normal sea surface temperatures
in the central and eastern Pacific.  Arrows in Figure 3 show mean and anomaly data for ocean surface
winds.  These data are important because El Niño is triggered by a breakdown of usually strong and
steady easterly winds in the western Pacific Ocean. This “breakdown” occurs as either weaker-than-nor-
mal easterly or, in some instances, westerly winds.

Activity

Sea Surface Height Anomaly

1. Look at the color-coded bar at the bottom of the images of sea surface anomaly in Figure 2. Note
that yellow and orange show where sea level is above normal, and blue and purple show sea
level that is below normal.

2. Focus on the tropical Pacific Ocean data during 1996. Do you see a significant difference in
these maps from month-to-month? How does the anomaly of sea level in the western Pacific
compare with the anomaly in eastern Pacific?

3. Now look at the maps for 1997, again focussing on the tropical Pacific. Do you see a difference
in these maps from month-to-month? How does sea level change in the equatorial Pacific over
these months?

Sea Surface Temperature

1. In Figure 3, the top images show mean (or near average) data and the bottom shows anomaly
data for each month.

2. Mean sea surface temperatures (top maps) are color-coded such that red shows areas of warmer
water and blue indicates cooler water. Sea surface temperature anomalies (bottom maps) show
how each month’s conditions compared to average: green shows where sea surface temperatures
during that month were near average, red reveals where the temperatures were above average,
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and blue indicates where they were below average.
3. Look at the sea surface temperature (color-coded) data for 1996. From the mean data maps (top),

did sea surface temperature change from March through September? Consider the anomaly maps
(bottom), how did sea surface temperature during these months compare to normal conditions?

4. Repeat this exercise for 1997.
5. What conclusions can you make when you compare sea surface temperature data for these

months in 1996 versus the same months during 1997? Which year was more average?

Ocean Surface Winds

1. Again, in Figure 3, the top images show mean (or near average) data and the bottom shows
anomaly data for each month.

2. Ocean surface wind direction and strength are shown as arrows. Short arrows on the maps of
mean wind (top maps), indicate lighter winds and longer arrows show stronger winds. The
anomaly data (bottom maps) show how winds during that month compared with normal condi-
tions. For example, when long “anomaly” arrows point to the right it indicates that winds were
blowing toward the east much more strongly than usual. Very short arrows, regardless of direc-
tion, show where winds were blowing fairly normally.

3. Look at the surface wind data (arrows) for 1996, especially in the western Pacific near New
Guinea. From the mean data maps (top), did surface winds change significantly from March
through September 1996? Was there a dominant wind direction in the western Pacific during this
time? If so, from what direction were the winds blowing? Consider the anomaly maps (bottom),
how did wind strength and direction during these months compare to normal conditions?

4. Repeat this exercise for 1997.

• Summarize the changes in wind, temperature and sea height you see in the data.  What conclu-
sions can you make when you compare ocean wind data for these months in 1996 versus the
same months during 1997? Which year showed more stability in wind direction and strength?

• Based on your observation of all data sets, which year was closer to normal? Which year showed
warmer than normal water in the East Pacific? Can you determine which was an El Niño year?

• The upwelling of cold water off the west coast of South America favors abundant fish harvests.
Which year was better for Peruvian fisheries?

• Think about the relationship between trade winds, sea surface height, and sea surface tempera-
ture.  How are west-blowing trade winds in western Pacific tied to sea surface height along the
equator?  What happens to sea levels along the equator when the trade winds weaken or reverse
direction?  How do the areas of high sea level anomaly compare with sea surface temperature
data?

Explanation
Under normal conditions, strong easterly trade winds in the equatorial Pacific push warm surface

water toward Indonesia.  This produces a large pool of 84°F (about 30°C) water in the western Pacific.
During an El Niño, the trade winds weaken and warm water moves eastward along the equator toward
South America.  This warms the central and eastern equatorial Pacific over many months.
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As warm surface waters move eastward in the tropics, heavy rains normally found near Indonesia
shift into the central and eastern Pacific. This alters atmospheric patterns around the globe.  El Niño re-
lated weather shifts have been felt as far north as Canada and as far south as central Chile. Scientists are
only beginning to understand the far-reaching effects of this phenomenon.

TOPEX/Poseidon satellite and in-water buoy data are helping scientists to better understand the how
El Niño forms. The hope is to better predict future events. This is critical because there was a noticeable
increase El Niño occurrences during the 1990’s.

EXTENSION

Many fisheries are impacted by the presence of an El Niño.  Fisheries depend on upwelling condi-
tions to provide food for the fish they catch.  In an El Niño year upwelling stops along the eastern Pa-
cific.  Research the locations and types of fisheries in the Pacific Ocean.  Determine which areas and
fisheries are likely to be most impacted by El Niño.

LINKS TO RELATED  CD ACTIVITIES , IMAGES, AND MOVIES

Image of Global fisheries
Image of El Niño change in winds near New Guinea
Movie of El Niño sea surface height time sequence
Movie of El Niño temperature time sequence
Movie of Coastal upwelling

VOCABULARY

anomaly current El Niño

mean sea surface height sea surface temperature

trade winds upwelling

SOURCE

Adapted by Orange County Marine Institute/San Juan Institute and NASA/Jet Propulsion Laboratory
from Gulf of Maine Aquarium activity at http://octopus.gma.org/surfing/weather/elnino.html.

Figure 2 (next  page).  Sea Surface Anomaly. The left column shows sea surface anomaly data for 1996.
The right column shows data from about the same periods during 1997. Each map has 10 days worth of
data - the time it takes the TOPEX/Poseidon satellite to map the global oceans.

http://octopus.gma.org/surfing/weather/elnino.html
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Figure 2.  Sea surface height anomaly data.  The left column shows color-coded sea surface height anomaly
data sets from March, May, and September 1996.  The right column shows data from the same months
during 1997.  [Data courtesy of NASA / Jet Propulsion Laboratory]
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Figure 3.  Sea Surface Temperature and Winds from buoy data. The left column shows sea surface
temperature (color-coded) and wind (arrows) data sets from March, May, and September 1996. The right
column shows data from the same months during 1997. In each data set, data means are shown at top and
data anomalies are at bottom.  [Data courtesy of NOAA, Pacific Marine Environmental Laboratory]




