
Adapted from an exercise by Tim Cook, Worcester State University. 

Understanding El Niño 
 
The goals of this activity are to: 

1. Learn to access and analyze sea surface temperature, subsurface temperature, 
and wind data, displayed both as actual values and as anomalies.  

2. Determine what patterns are associated with “normal” years, El Niño years, and 
La Niña years (the latter two of which comprise the El Niño Southern Oscillation, 
or ENSO).  

 

The Tropical Atmosphere Ocean project (TAO) is a real-time observation system that 
collects data from a network of moored buoys in the equatorial Pacific Ocean. These 
observations facilitate the detection and study of ENSO and provide an ideal 
opportunity to investigate interactions between the atmosphere and ocean. 

The homepage of the TAO program is: http://www.pmel.noaa.gov/tao/index.shtml 

(Clicking on the “Project overview” tab from the TAO home page will provide 
additional information about the TAO project and details about how the data is 
collected. You may also click on the “El Niño and La Niña” tab for more information on 
these phenomena.) 

 
 

The map above, which was taken from the TAO website, shows the location of 
moorings in the tropical Pacific Ocean from which data are being collected and 
continuously sent back to shore based researchers. Each mooring location contains an 
array of sensors which measure surface weather conditions and temperature and 
salinity at a variety of depths below the surface. In addition the red station locations 
include acoustic Doppler current profilers (ADCPs) which are able to measure the 
velocity of water movement (currents) at different depths in the ocean. 
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To get started examining data, do the following: 

 
• Go to the TAO Project website at http://www.pmel.noaa.gov/tao/index.shtml 
• Choose the link for the “Display and Delivery Page”.  If your computer doesn’t 

have Java installed, the display may not load; if so, choose the “Non-Java 
version” link at the bottom of the page.  

• The two types of plots we will use are maps (select the “Lat Lon Map” button) 
and cross-sections of the ocean with E-W longitude on the horizontal axis and 
ocean depth on the vertical axis (select “Depth Section”). 

• The primary variable we will examine is sea surface temperature (SST), but feel 
free to experiment with plotting other variables.  Also, leave the “Overlay Wind 
Vectors” box checked to see wind speed and direction overplotted as arrows on 
your maps.  

• If you stay with the default settings, the top plot will show a map of temperature, 
and the bottom plot will show temperature anomalies.  This combination is 
useful for seeing both the actual values and how they deviate from long-term 
trends.  (On the anomaly maps, the overlaid wind vectors are also anomalies, i.e. 
they show how the wind speed and direction deviates from the long-term 
average.)  

• When a plot is displayed, clicking on it will open a larger version, which can be 
copied and pasted into a Word document (e.g. with ⌘C and ⌘V on a Mac or 
Ctrl-C and ctrl-V on Windows).  

Consider the following dates: 

• January 1997 (typical of “normal conditions”) 
• January 1998 (a strong El Niño year) 
• January 1999 (a strong La Niña year)  
• The most recent few months. 

For each of these, look at the sea surface temperature, the wind speed and direction, 
and cross section of temperature vs. depth.  In the latter, focus in particular on the 
thermocline, which is the region where temperature varies rapidly with depth 
(recognizable from where the contours are very closely spaced).  

 

 



 3 

 

As you answer the questions below, open a Word document and type in 
rough answers, and also include some representative plots to go with 
them to il lustrate what you’re seeing.  More complete answers will be 
handed in as part of next week’s homework.  

Start by focusing on a year with normal conditions.  

1. Describe the characteristics of the equatorial Pacific during typical conditions 
(using the January 1997 observations as a guide). Your description should 
address the general pattern of sea surface temperature and winds and the 
vertical pattern of water temperatures across the equatorial Pacific, including a 
description of how the depth to the thermocline varies from west to east across 
the Pacific.  

2. Describe how conditions during El Niño and La Niña differ from the typical 
conditions described above. Focus on the same features you described above.  

3. Looking at the most recent few months, what sort of year are we in?  (El Niño, La 
Niña, or neither?)  Since we’re currently in the fall, you might also want to take a 
quick look at conditions in the preceding fall for the benchmark El Niño and La 
Niña years, e.g. how did things look in the October preceding January 1998 or 
1999? 

4. After you have done the above, do a Google search for “ENSO index”.  What 
does the current value of this index show about this year, and how does that 
compare to your answer to the previous question?  How does this year compare 
to other years with extreme values?  (For example, how recently have we had a 
year that has about the same ENSO index as this year?)  

5. Looking at a plot of the ENSO index, why do you think this phenomenon is 
called an “oscillation”?  Can you predict from the historical data what the El 
Niño or La Niña conditions next year will be?  

6. This activity focuses essentially on changes in water temperature and surface 
winds in the tropical Pacific Ocean associated with ENSO events. In reality, 
ENSO involves many more oceanographic and climatic variables and a wider 
geographic area than is investigated here. Knowing that this activity has 
provided you with an incomplete overview of ENSO, pose a question related to 
ENSO that you could investigate with access to additional data and describe 
how you could go about answering your question (in other words what data or 
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observations would be needed to answer your question). Questions may take a 
variety of forms and address a nearly limitless variety of topics related to 
oceanographic, climatic, or biological process in different parts of the world, but 
they should be narrowly focused. For example, a question that you could 
investigate is: What is the relationship between the occurrence of El Niño and 
snowfall in New England? Think about what data would then be needed to 
answer this question.  


