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Homework #6 

OCEAN SURFACE TEMPERATURE 
 [based on Pipkin et al., (2001)., Florio, and NANOOS] 

 

6A. Background: Temperature Data Sources  

In Homework 4, you learned a great deal about graphing, but also about temperature trends in the 

ocean. We observed significant changes in temperature from the surface to the bottom of a 1000m 

deep ocean. You also got to look at other oceanographic properties in Homework 5, with focus on 

ocean density and how it changes with temperature and salinity. In both assignments you were 

provided with a temperature dataset, one from an XBT (eXpendable BathyThermography), and 

the other from an array of Nansen bottles along several stations on an oceanographic cruise. Both 

of these data sets require in person measurement, in order to get the temperature data, you had to 

travel to that spot and physically place the data collection tool in the water below your boat. 

However, these are not the only options you have to get temperature data from the ocean. We will 

employ two new ocean observation techniques to remotely sense the ocean’s temperature, using 

satellite and an autonomous underwater vehicles (AUV’s). 

 

6-1. Satellite Remote Sensing  

Remote sensing may be defined as the collection of information or data about objects without 

actually being in physical contact with them. In 1858, just 32 years after the invention of 

photography, the first aerial photograph was taken from a 

tethered balloon. The first photograph from a rocket was take 

in about 1906, and Wilbur Wright took the first photograph 

from an airplane in 1909. The first artificial satellite to orbit 

the earth was Sputnik I, launched by the Soviet Union in 1957. 

The United States followed four months later with the 

Explorer I satellite in 1958. Four years later, the United States 

launched the first weather satellite, TIROS I. TIROS is an 

acronym for Television and Infrared Observation Satellite and 

was the first  

Figure 6-1: TIROS I in was 

launched in 1960. 
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meteorological satellite that effectively captured and transmitted 

space based photographic data for accurate weather forecasting 

(B). Almost all subsequent earth-orbiting satellites were named 

following the acronym convention; for instance, the Earth 

Observation Satellite is known as EOS. There are currently more 

than 21,000 satellites both retired and still in use orbiting earth. 

Many of them are weather, earth monitoring, or communication 

devices.  

 

6-1.1. Electromagnetic Radiation 

Remote sensing uses instruments or devices that record reflected and radiated electromagnetic 

energy from the earth’s surface. Electromagnetic radiation (EMR) is given off by hot bodies 

like our sun, which emits huge amounts of radiant energy. Sensible heat and visible light are part 

of this energy emission. Artificial devices such as microwave ovens, light bulbs, and heat lamps 

emit the same kind of energy, but on a much smaller scale. Emitted energy is a wave form and 

measured by wavelength, the distance between two successive peaks on a wave. EMR is emitted 

by all bodies (including yours) 

that are at a temperature above 

absolute zero (0ºK, -273ºC, or -

495ºF). The temperature of a 

body determines the nature of its 

emitted radiant energy. Bodies 

with a high surface temperature 

emit radiation with short 

wavelengths (penetrating 

radiation, like x-rays), and those 

with a cooler surface emit 

radiation at longer wavelengths 

(infrared radiation or heat rays). The Sun emits short wave radiation, which the Earth absorbs 

and reflects back longwave radiation. Even an ice cube emits some radiant energy. In other words, 

EMR is a spectrum or continuum of wave energy that runs from very short, high energy gamma 

 Figure 6-3: The Electromagnetic Spectrum shows different  

 electromagnetic radiation (EMR) wave energy with their  

 comparable size in wavelengths, from long (left) to short  

 (right) waves. 

Figure 6-2: First photograph 

of Earth, taken by TIROS I. 
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and x-rays to very long, low-energy radio waves (Figure 6-3). Remote sensing satellite systems 

utilize several EMR spectrum reading devices such as film cameras, infrared sensors, and 

microwave and radar sensors to collect data from multiple spectrums at once. 

 

6-1.2. Sensing the Earth 

Most satellites (spy satellites excluded) are meteorological ones. These satellites tell us a great 

deal about the movement and temperature of the atmosphere and oceans, and aid greatly in weather 

forecasting. The information gleaned is invaluable in planning, particularly for air and sea 

transportation. A satellite’s sensors are called radiometers, and they are designed to measure 

radiation brightness in very narrow wavelength ranges known as channels. An important sensor 

for measuring sea surface temperature (SST) is the Advanced Very High-Resolution Radiometer 

(AVHRR). It measures IR radiation from the earth at five wavelengths (channels) that are able to 

penetrate the atmosphere. The visible (VIS) channel on the AVHRR measures the amount of solar 

radiation that is reflected away from the earth. AVHRR has a spacial resolution of 1.09km. Earth 

features tend to each have a different albedo, the percentage of visible radiation that is reflected 

away from a surface. Different surfaces can be identified as different cloud types, water, ice, rocks, 

and soil through interpretation of the data. 

 

6-2. AUV- Sensing 

Slocum gliders are autonomous underwater vehicles (AUV) used to measure ocean water 

properties. Autonomous means that they move by themselves. (The gliders are named for Joshua 

Slocum, the first man to sail around the world alone.) They are extremely energy efficient in using 

small changes in buoyancy to move up and down in a water column. A battery powered piston 

moves seawater in and out of the glider to change the buoyancy of the craft. Wings on the sides 

Figure 6-4: The sawtooth 

motion of the AUV in the 

water column.  

 

The AUV records data 

along the dictated 

navigation path and 

reports back when at the 

surface. 
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convert some of the up and down motion into horizontal movement, creating a saw-tooth flight 

path (Figure 6-4).  Ocean scientists program the glider using mission files, which instruct the 

glider to dive and climb to a predetermined set of waypoints (with specific latitudes and 

longitudes).  Due to their energy efficiency these AUVs can be deployed for extended durations 

on the order of weeks to months, as well as covering extended distances, thousands of kilometers.   

 

The glider was originally envisioned by Henry Stommel in 1989 and engineered by Doug Webb.  

Gliders today are operated by many institutions to monitor the water throughout the world.  Gliders 

can be equipped with a suite of different sensors to measure temperature, salinity, depth, ocean 

color, etc. and provide a real time view of ocean conditions below the surface. Each time an AUV 

surfaces, they send a data package via satellite back to land for monitoring. The glider provides a 

great advantage for ocean observers as its pathway can be altered at any time during its mission, 

whether to follow a storm event or a phytoplankton bloom. However, satellites have been around 

much longer and do well to provide insight on long term changes on earth. Additionally, while the 

satellite’s temperature sensor has very high resolution in its name, it certainly doesn’t have as high 

a resolution as the glider. 

 

6-2.1. Glider CTD Sensor 

Every Slocum glider is equipped with an electronic sensor called a CTD (C = conductivity, T = 

temperature, D = depth). CTD instruments provide a way to measure salinity, temperature and 

pressure. As the glider moves through the ocean, the CTD instrument continuously collects “in 

situ” data, meaning the data is collected in the water that it’s sampling. In general, glider CTDs 

make a measurement every other second (0.5 Hz). This provides a very high resolution description 

of the water being sampled, approximately 0.5m vertically and 120m horizontally in an ocean with 

an average depth of 4000m. 

 

The CTD’s output of conductivity, temperature, and pressure are used to compute salinity and 

density of the water. Pressure is additionally used to compute depth. Conductivity is a 

measurement of how easily electric currents pass through the water sample being tested. Electrical 

currents pass much more easily through water with a higher salt content. Salinity is measured in 

psu (practical salinity units). The CTD measures temperature via a thermistor or thermal resistor. 

The thermistor uses a negative temperature coefficient in which resistance decreases as 
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temperature increases.  

 

6-3. Overview 

Comparing two of the same data streams each taken by different instruments is a common practice 

in oceanography. Sometimes this process is called “ground-truthing”, as it provides a way for a 

scientist to get an idea of sensor drift. When one sensor starts providing values that seems to be 

out of the ordinary, sometimes a comparison between sensors is useful to see if the sensor has gone 

bad, or perhaps the strange piece of data is accurate! There are different approaches for 

comparison, either between two sensors that are the same or two sensors that are quite different. 

The latter is the case for temperature measured by satellite and glider. The glider employs its 

CTD’s thermistor using thermal resistance while the satellite employs AVHRR to measure EMR. 

Additionally, the glider’s resolution is much higher compared to that of the satellite. While 

satellites and gliders are dissimilar, they are great options for comparing the glider’s temperature 

results when it’s out at sea.  

 

6B. EXERCISES  

(Important: Please print this homework in colored ink to answer your questions in Part B.) 

 

For this exercise, you will be comparing two ocean data temperature products from August of 

2018. One set of data is from our very own Glider Blue and the other from satellite data. Glider 

Blue’s temperature measurements are based on a mean (average) value of the upper 5m of the 

ocean at each point in Table 6-1 and plotted in Figure 6-4, alongside the satellite temperature 

measurements which represent the “skin” of the ocean as it is observed from space.   

 

Table 6-1:  SST and Glider Surface Temperature (ºC) 

Latitude Longitude Glider Satellite Latitude Longitude Glider Satellite Latitude Longitude Glider Satellite 

41.25 -70.95 21.13 24.46 40.89 -70.95 24.13 25.27 40.60 -70.92 25.84 26.23 

41.25 -70.95 24.46 24.45 40.83 -70.94 24.77 25.35 40.56 -70.93 25.33 26.14 

41.19 -70.95 23.92 24.15 40.81 -70.94 25.66 25.36 40.48 -70.97 25.34 26.27 

41.18 -70.95 22.92 24.06 40.76 -70.92 25.64 25.29 40.43 -70.97 25.99 26.24 

41.09 -70.96 23.36 23.87 40.74 -70.93 25.71 25.36 40.35 -70.97 25.58 25.98 

41.03 -70.96 23.59 23.88 40.69 -70.95 25.63 25.44 40.22 -70.94 25.45 25.88 

41.01 -70.96 24.19 23.90 40.66 -70.94 25.72 25.46 40.12 -70.92 25.42 25.79 

40.96 -70.94 24.05 25.13 40.65 -70.95 25.61 25.45 40.04 -70.91 25.35 25.84 

40.90 -70.96 23.96 25.24 40.64 -70.94 25.97 25.43 40.00 -70.90 25.02 25.89 

Table 6-1: This table features the measured surface temperature means of the glider and the surface 

skin data from satellite. 
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HW6 Questions – Part A 

 
1) What sensor does a satellite use to get its temperature data? _______________________ 

 

2) What sensor does the glider use to get its temperature data? _______________________ 

 

3) On the glider, what proxy do we use to get depth? _______________________________ 

 

 

4) Are the Table 6-1 values similar or rather different between the satellite and glider? 

________________________________________________________________________ 

 

5) Which Latitude - Longitude coordinate have the largest difference? How big is it? 

________________________________________________________________________ 

 

Glider 

Blue 

Satellit

e  

Figure 6-4:  

This is a plot featuring 

surface temperatures of 

the Southern New 

England Bight, south of 

Martha’s Vineyard.  

 

Values in blue are from 

the glider, while values in 

red are from the satellite. 

Individual values can be 

seen in Table 6-1. 
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6) Do you think that satellite is a good option to compare the gliders temperature? Why and 

why not?  (Hint: depth vs surface.) 

________________________________________________________________________

________________________________________________________________________ 

 

7) Using what you know about temperature from past assignments: Do you think that the 

temperature at 5m depth is similar to the surface temperature? How about 100m depth? 

________________________________________________________________________

________________________________________________________________________ 

 

HW6 Questions – Part B 

Use Figure 6-5 to answer the questions below. 

 

 

 

 

1) Describe the general location of the warm waters and the cool waters on this SST map. 

________________________________________________________________________

0 5 10 15 20 25 30 

Figure 6-5: This is a satellite sea surface temperature (ºC) map of the entire world. The center 

of the white box in the upper left is the approximate area of the comparison you’d looked at 

for the homework. 
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________________________________________________________________________ 

2) What ocean has the majority of equatorial warm waters? __________________________ 

 

3) What is the approximate temperature in the white box in the map above? _____________ 

 

4) Would you consider the area we looked at to be relatively warmer or cooler than the 

equator? How about the north and south pole? 

________________________________________________________________________

________________________________________________________________________ 
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