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OCEAN SEASONS

OVERVIEW
Students will observe and identify distinctive features in TOPEX/Poseidon-derived maps of sea sur-

face height for each season.  They will use their observations to recognize seasonal variations in sea
surface height in the mid-latitudes (20°-50°).  This exercise will help students understand how sea level
change is largely controlled by heating (which causes higher sea levels due to thermal expansion of the
water) and cooling of the upper oceans.

CONCEPTS
• Sea level varies regionally with the seasons.
• In the mid-latitudes, seasonal sea level change is primarily controlled by heating and cooling in the

upper oceans.
• TOPEX/Poseidon measures global sea-level changes with high accuracy.  This allows oceanogra-

phers to observe seasonal changes in the world’s ocean surface.  This has lead to an improved
understanding of the oceans’ role in climate change.

• Water has a high heat capacity.  This means that it takes a lot of energy to heat or cool it (change its
temperature).  Thus, the oceans heat and cool more slowly than the land or the atmosphere.

MATERIALS
• Color version (on monitor or color print out or color transparency) of Figure 1.
• World map with latitude information

PREPARATION
The purpose of this activity is to stimulate a discussion about sea surface height and the high heat

capacity of water.  It can be completed in one of several ways.  The way you choose to present the images
may depend upon the equipment available.  You can use a computer screen to display the color images
(students can work in groups or individually at the computer), or the images can be presented to the entire
class on a large monitor.  Alternatively, you can print color versions for students to work with, or print a
color transparency to use on an overhead projector.

Students should be familiar with seasons and their cause before the activity, or these topics can be
covered or reviewed during the Engagement section.

PROCEDURE

Engagement
Earth’s obliquity--the tilt of its rotational axis relative to its orbit--causes us to experience four seasons

each year: summer, fall, winter, and spring.  Timing of the seasons in the northern and southern hemi-
spheres are reversed.  For example, summer in the northern hemisphere occurs at the same time as winter
in the southern hemisphere.

Figure 1 shows how sea surface height varies from its annual average from season to season.  In this
activity you will analyze four satellite data maps and match them to the season they represent.  The images
are derived from sea level measurements made by Earth-orbiting TOPEX/Poseidon satellite from Septem-
ber 1992 to August 1993.

A clue for interpreting the images is that water has a very high heat capacity, meaning that it takes a lot
of energy transfer to change its temperature, i.e., heat it up or cool it down.  Thus, the ocean heats and cools

Standards & Benchmarks
Science Standard  1,  Grades K-2
  Knows that short-term weather conditions (e.g., temperature, rain, snow) can change daily, and weather patterns change over the seasons 

Science Standard  1,  Grades 3-5
  Knows the major differences between fresh and ocean waters 

Science Standard  1,  Grades 3-5
  Knows that night and day are caused by Earth's rotation on its axis 

Science Standard  1,  Grades 6-8
  Knows how the tilt of Earth's axis and Earth's revolution around the Sun affect seasons and weather patterns (i.e., heat falls more intensely on one part or another of Earth's surface during its revolution around the Sun) 

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 9-12
  Knows that weather and climate involve the transfer of energy in and out of the atmosphere

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  15,  Grades 6-8
  Uses appropriate tools (including computer hardware and software) and techniques to gather, analyze, and interpret scientific data

Science Standard  15,  Grades 9-12
  Uses technology (e.g., hand tools, measuring instruments, calculators, computers) and mathematics (e.g., measurement, formulas, charts, graphs) to perform accurate scientific investigations and communications

Geography Standard  1,  Grades 3-5
  Knows the basic elements of maps and globes (e.g., title, legend, cardinal and intermediate directions, scale, grid, principal parallels, meridians, projection) 

Geography Standard  1,  Grades 3-5
  Uses map grids (e.g.,  latitude and longitude or alphanumeric system) to plot absolute location

Geography Standard  1,  Grades 6-8
  Understands concepts such as axis, major parallels, seasons, rotation, revolution, and principal lines of latitude and longitude (Earth-Sun relations) 

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 how Earth's position relative to the Sun affects events and conditions on Earth (e.g.,  how the tilt of Earth in relation to the Sun explains seasons in different locations on Earth, how the length of day influences human activity in different regions of the world)

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)
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more slowly than land.  You will use this concept and your knowledge of the amount of solar heating that
occurs in each season, to determine which map is from fall, winter, spring, and summer.

Activity
1. Observe all four images together.  First, locate the land masses on each image.  You will need a

map with latitude markings for reference.  Use this map to roughly sketch the equator and
relevant lines of latitude on each of the four images in Fig.1.   For this discussion, focus on the
mid-latitudes in the northern hemisphere (20°N - 50°N).

2. Make sure that you are familiar with the color-coded sea surface height scale for the images.  In
which image do you find the highest sea surface heights?  In which image do you find the lowest
sea surface heights?  Explain your answers.

3. Use your sea surface height observations to determine which of the four images represents the
sea levels from fall in the northern hemisphere (spring in the southern hemisphere).  Why did
you choose that image?  How might the timing of the seasonal sea level variations relate to the
heat capacity of water?

Figure 1.  Ocean seasons as measured by TOPEX/Poseidon.  The maps show variations in sea level
relative to the ocean’s annual average height.  Each image corresponds to a different season.  Effects of
tides and gravity variations have been removed.  The sea surface height scale is provided on the image.
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4. Once you have determined which image represents the fall in the northern hemisphere, try to
find the image that represents summer.  Why did you choose that image?  How does sea surface
height compare between summer and fall?  Finally, try to identify the maps of northern hemi-
sphere winter and spring.  Explain your answers.

5. Compare sea level responses in mid-latitudes in the northern hemisphere with those in the
southern hemisphere.  Do they  vary in the same way?  Which hemisphere has larger variations
in sea surface height?  Can you guess why?

Explanation
Regional sea levels vary with the seasons.  At mid-latitudes, 20° to 50° north and south, sea level

change is controlled by heating (which causes higher sea levels due to thermal expansion of the water) and
cooling in the upper ocean.  In the northern hemisphere fall, the temperature of the upper ocean layer and
sea level are high after being warmed throughout the summer.  The lowest sea levels occur in the northern
hemisphere’s spring.

The southern hemisphere also experiences seasonal changes, but to a lesser extent.  One reason for this
is that there is less land in the southern hemisphere.  This limits the extent of cold winter air that blows out
from continents to cool the oceans.  Moreover, the southern hemisphere has a greater proportion of ocean
to land, which results in a more moderate climate with less seasonal change.

EXTENSION
In the tropics (from about 20°N - 20°S latitude), sea level is primarily controlled by wind.  Bands of

high and low sea level across the Pacific and Atlantic Oceans correspond to changes in equatorial currents.
These equatorial currents shift in response to seasonal cycles of the trade winds.  The El Niño phenom-
enon, which is triggered by an unusual “breakdown” of trade winds in the western Pacific, affects ocean
heat storage patterns.  Discuss the relationship between equatorial trade winds, sea level, heat storage, and
weather patterns during El Niño events.  (See activity Ocean Variations During an El Niño.)

In the longer term, the oceans play an important role in determining global climate.  Discuss how data
such as these can help scientists to better understand patterns and changes in global climate.

LINK S TO RELATED CD ACTIVITIES , IMAGES, AND MOVIES

Animation of Earth in its orbit and the relationship to seasons

Activity Properties of Fresh Water and Sea Water

Activity Expansion of Water

Activity Coastal versus Inland Temperatures

VOCABULA RY

equator heat capacity latitude

northern hemisphere obliquity orbit

rotational axis sea level sea surface height

southern hemisphere trade winds

SOURCE
San Juan Institute / Orange County Marine Institute Activity Series.


