SATELLITE IMAGES AND OCEAN CURRENTS

Adapted from:   http://serc.carleton.edu/introgeo/teachingwdata/examples/OC.html
Ocean circulation greatly influences climate, which affects us all. The atmosphere and ocean work together to absorb and redistribute heat from one part of the Earth to another. If this did not occur, the tropics would get hotter and hotter and the poles colder and colder. The ocean circulates by surface currents that are driven by the wind, and deep currents produced by contrasts in density as you have seen in a previous lab. Since wind drives surface currents, we must also look at the atmosphere. In this lab we will primarily look at evidence of surface currents. Due to the large scale of surface currents, satellite observations are often used to study their characteristics and variations.

PART 1. Plotting ocean buoy data.

Data in Table 1 below are from drifter buoys in the North Pacific Ocean. Released into the ocean, the buoys float with the currents and take measurements of the water with built-in instruments. They are tracked by satellites in orbits far above Earth and transmit data several times a day. Ships and airplanes can drop these low cost (~$4500) and durable buoys into the sea. When released by ships, they have a 98% survival rate; from the air, survival drops to 78%. About half of the drifters lose their ability to communicate with the satellite, for one reason or another, after 440 days. Other buoys last longer and transmit their information for several years.

1. (a). Plot the 1995 data from 3 buoys in the North Pacific (Table 1) on the Pacific Ocean Map (included as Figure 1). Use longitude and latitude data to plot the position of each buoy location during the year; then connect the locations with lines and draw an arrow to show the direction of motion.

(b). Refer to the map of surface currents (Figure 2). What are the names of the surface currents that moved the buoys whose courses you plotted?

Buoy 12410:

Buoy 15022:

Buoy 22217:

(c). The currents plotted in (a.) are all part of the North Pacific gyre, a clockwise-moving current that redistributes heat in the North Pacific.

What is the name of the current that moves water past the coast of California? 

Do you think it carries warm or cold water past the coast of California? Why?
TABLE 1. NORTH PACIFIC BUOY DATA 







Buoy no 
Position day 
Latitude 
Longitude

12410 

27 Feb 95 
30.1 

-123.7

12410 

28 Mar 95 
27.5 

-121.8

12410 

22 Apr 95 
25 

-124.6

12410 

22 May 95 
23.6 

-128

12410 

24 June 95 
22.5 

-133.9

12410 

24 July 95 
23.1 

-138.4

12410 

26 Aug 95 
20.5 

-145.4

12410 

25 Sept 95 
20 

-147.6

12410 

20 Nov 95 
17.9 

-155.3

12410 

18 Dec 95 
21.4 

-159.5

15022 

25 Feb 95 
10.7 

162

15022 

27 Mar 95 
10.5 

152.1

15022 

23 Apr 95 
11.6 

145.5

15022 

20 May 95 
12.4 

137.6

15022 

25 June 95 
17 

131.1

15022 

22 July 95 
21.7 

127.8

15022 

27 Aug 95 
33 

141.6

15022 

23 Sept 95 
37 

147.8

15022 

23 Oct 95 
39.3 

152

15022 

25 Nov 95 
40.1 

154.5

15022 

31 Dec 95 
37.6 

160.4

22217 

27 Feb 95 
51.2 

-162.7

22217 

27 Mar 95 
50.4 

-165.3

22217 

24 Apr 95 
48.7 

-159.5

22217 

29 May 95 
50.7 

-155.1

22217 

26 June 95 
50.4 

-151.7

22217 

24 July 95 
51.5 

-149.3

22217 

28 Aug 95 
51 

-145

22217 

25 Sept 95 
53.1 

-143.8

22217 

23 Oct 95 
55.2 

-139.1

22217 

27 Nov 95 
57.1 

-141.4

22217 

18 Dec 95 
56.9 

-141.7

NOTE: Longitudes 80-180 degrees on the left (west) side of the diagram are East Longitudes (positive numbers); longitudes 180 to 80 on the right (east) side of the diagram are West Longitudes (negative numbers). North Latitudes are in the upper half of the map and South Latitudes are in the lower half of the map. 
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Figure 1. Map of Pacific Ocean Basin.
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Figure 2. Map of major surface currents

PART 2. TOPEX/POSIDION SATELLITE IMAGES OF OCEANIC AND ATMOSPHERIC CIRCULATION. 

These satellite images show the amount of water vapor in the atmosphere, which is heated indirectly. First, the sun heats ocean water, some of which evaporates and rises. As the air rises, it cools and condenses, thus releasing heat into the atmosphere. This process is called latent heat. The TOPEX/POSEIDON satellite is able to measure the amount of water vapor in the air, an indication of where and how much air is rising. Understanding the transfer of heat by this process is important to understanding the overall heat balance of Earth. 

You will use Figure 3, Generalized Atmospheric Circulation to help you answer these questions and interpret these data from the TOPEX images. The Atmospheric Circulation diagram shows generalized wind patterns on Earth's surface. It does not account for the influence of continents. A persistent low-pressure zone is created over the equator (ITCZ), where massive amounts of evaporation cause air to rise. The solid lines and arrows show generalized wind patterns on Earth's surface. The dotted lines and arrows show how the lower atmosphere circulates (above Earth's surface). For example, air is shown rising over the ITCZ (low pressure zone) and falling over the subtropical high pressure zone (around 30 degree N and S latitude).

Observing atmospheric water vapor.

Procedure:

· Go the following web link:  http://funnel.sfsu.edu/courses/geol103/labs/currents/part2a.html
· You will find two images (Northern Hemisphere Summer and Northern Hemisphere Winter)

· Answer the following questions (on your own paper) using the web images and Figure 3.

2. (a.) Where are the areas of highest water vapor content in the atmosphere and how do these areas correlate to the climate belts shown in Figure 3, Atmospheric Circulation?

(b.) Where are the areas of lowest water vapor content and how do these areas correlate to the climate belts shown in Figure 3, Atmospheric Circulation?

c.) Compare the winter and summer images. How do the locations of high and low atmospheric water vapor change from summer to winter (Northern Hemisphere perspective)?
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Figure 3. Generalized atmospheric circulation and wind patterns.

Observing the relationships between wind speed and wave height

Procedure:

· Use the 4 images below the water vapor images to answer questions 3a through 3b.
3. There are four images you will look at for this question. The first two satellite images show world-wide wind speeds during the Northern Hemisphere summer and. The winds drive surface currents and also create waves that move energy across the ocean's surface. The lower two images show wave height variations in the world ocean during the Northern Hemisphere summer and winter. 

(a.) Where are the areas of high speed and low speed surface winds and and how do these areas correlate to the wind belts shown on the Atmospheric Circulation diagram (Figure 3)?

summer high-speed winds:

summer low-speed winds:

winter high-speed winds:

winter low-speed winds:

(b.) Where are the areas of large waves and how do these areas correlate to wind speeds?

summer:

winter:
Investigating atmospheric circulation and surface currents using other satellite imagery.

Procedure:

· Go to the following link:

  http://funnel.sfsu.edu/courses/geol103/labs/currents/part2b.html
· Use the images on this page to answer questions 4 through 7 on your own paper.

Sea-surface temperatures (SSTs) are easily measured by satellites and can show the locations of currents that move across the ocean's surface. The following images show examples of Earth's major currents, delineated by measured differences in sea-surface temperatures. To see a generalized diagram of surface currents, refer to the Surface Currents Map (Figure 2). 

4. This image shows sea-surface temperatures (SSTs) for the entire world ocean in August 1995. Temperatures are in degrees Celsius.

(a.) Describe the general pattern of sea surface temperatures in the ocean.

(b.) Examine the zone of warm water along the equator. Why does this zone widen to the west in each ocean; for example, in the Pacific Ocean? (Hint: look at the Atmospheric Circulation Diagram and the Surface Currents Map.)

Sea-surface Temperature of the Kurishio Current.

5. This image uses sea-surface temperature measurements to illustrate the location of the Kurishio current. The Kurishio current is called a western boundary current (it moves along the west side of an ocean). Sea-surface temperatures are in degrees Celsius.

(a.) What is the geographical location of the Kurishio Current?

(b.) Is the Kurishio Current a warm-water or a cold-water current? [Provide a temperature range.]

(c.) Do you see any evidence for the influence of another current? If so, what is its name and its temperature? Refer to the Surface Currents Map (Figure 2).

Sea-surface temperatures of the Gulf Stream Current.

6. These images use sea-surface temperature measurements to show another western boundary current, the Gulf Stream. The two images show data collected 6 days apart, on 19 February (top) and 25 February (bottom) in 1996. Major currents such as the Gulf Stream can be compared to rivers in the ocean, although they can transport incredibly huge amounts of water from place to place. For example, the Gulf Stream transports more than 150 million cubic meters of water per second, compared to a flow of 0.6 meters per second for all of the rivers that flow into the Atlantic Ocean. On these images the Labrador Current, as well as the Gulf Stream Current, is visible. 

(a.) What is the temperature range of the Gulf Stream current?

(b.) What is the temperature range of the Labrador current?

(c.) Describe what changes occur in the currents during the 6-day period between the two images. For example, notice what happens with the ring of Gulf Stream water enclosed in the colder water.

(d.) Describe the boundaries of the Gulf Stream. For example, are they sharp or diffuse; straight or meandering?

Sea-surface temperatures of the Agulhas Current.

7. In the image below, sea-surface temperatures are used to show the Agulhas Current at the tip of southern Africa. Measurements were collected by satellite in 21 February 1996. 

(a.) Explain the distribution of water temperatures visible on this image in the context of the currents that affect this part of the world. Refer to the Surface Currents Map (Figure 2). Because the east side and west coasts of South Africa are effected by currents of different temperatures, they have quite different climates.
