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Educator Materials Coral Reefs and Global Warming 

CORAL REEFS IN HOT WATER 
OVERVIEW 

In this computer-based activity, students download, graph, and analyze authentic satellite temperature data for 
coral reef sites around the world. After observing global trends in the data, students evaluate the threat to coral 
reefs from heat stress, which has been occurring with increased intensity and frequency in recent years. The 
activity requires that each student have access to a computer for one 50-minute period. If computers are 
unavailable or students are unfamiliar with the use of spreadsheet software, students can be provided with 
handouts of prepared graphs for analysis and evaluation. 
 
KEY CONCEPTS  

• Coral bleaching is an observable consequence of global warming caused by human activities. 
• The symbiotic relationship between a coral polyp and its symbiotic algae is threatened by increased 

water temperature. 
• The increased mortality of coral polyps and the bleaching of coral reefs are consequences of sustained 

periods of elevated water temperature. 
• Recent global sea surface temperature data is widely available and useful for studying environmental 

change. 
 
LEARNING OBJECTIVES 

Students will be able to:  
• graph data using spreadsheet software and estimate the area under a curve. 
• determine the threat to a coral reef by analyzing real data. 
• use the longitude and latitude of a coral reef to pinpoint its location on a map. 
• plot the color-coded risk levels for bleaching of a coral reef on three world maps corresponding to 2002, 

2010, and 2014. 
• determine the trends in the risk levels for bleaching of the world’s coral reefs based on plotted data. 
• identify geographical patterns by comparing the data from three world maps. 
• apply cause/effect explanation to the analysis of trends and patterns. 

 
CURRICULUM CONNECTIONS 

Curriculum Standards 
NGSS (April 2013) Science Practice 4, 6, 8 

MS-LS1.C, MS-LS2.A, MS-LS2.B, MS-LS2.C 
MS-ESS3.D 
HS-LS1.C, LS2.C, LS4.D 
HS-ESS2.D, HS-ESS3.D 

Common Core (2010) Mathematics 6.SP.B.5 
Mathematics HSN-Q.A.1, HSN-Q.A.2, HSN-Q.A.3 
ELA/Literacy RST.6-8.7, RI.8.8, WH6-8.1, SL.8.1 
ELA/Literacy RST.11-12.9 

AP Environmental Science (2013) I.B, II.A, II.B, II.C, II.D, VII.B, VII.C 
IB Environmental Systems and Societies (2010) 2.1.7, 2.2.1, 2.2.2, 2.4.2, 2.7.1, 2.7.2, 4.2.1, 4.2.7, 6.1.3 
AP Biology (2012-13) 2.C.2, 2.D.1, 2.E.1, 4.A.6, 4.B.2, 4.B.3 
IB Biology (2009) 5.2.5, G.1.2, G.1.5, G.1.6 
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KEY TERMS 

coral, polyp, algae, biodiversity, symbiosis, global warming, sea surface temperature (SST), maximum monthly 
mean (MMM), degree heating week (DHW)   
 
TIME REQUIREMENTS 

The activity can be completed in approximately two 50-minute periods, one of which must be in either a 
computer lab or a classroom equipped with a laptop cart. In addition, it is recommended that 15 to 30 minutes 
be spent the day before the activity to show and discuss the coral bleaching animation, and 15 to 30 minutes to 
have a classroom discussion the day after the activity. The students could also be assigned to watch the 
animation and complete the discussion questions outside of class. 
 
TEACHER MATERIALS 

• A laptop cart or reservation at a computer lab 
• Access to Open Office or Microsoft Excel 
• Copies of the world maps from the file 
• Colored pencils or pens (four colors are needed, e.g., green, yellow, orange, and purple) 

 
SUGGESTED AUDIENCE 

This activity is appropriate for middle school life or earth science, high school environmental science (all levels 
including AP and IB), and high school biology (all levels including AP and IB). 
 
PRIOR KNOWLEDGE 

Students should have basic computer skills and be familiar with the use of a spreadsheet program. Students 
should be familiar with the use of scientific modeling to make predictions. Students should know some basics 
about symbiotic species interactions. 
 
MATERIALS 

Each pair of students will need: 
• A copy of the Student Worksheet 
• A reef card (printed from the activity file and cut out) 
• Computer access 

 
TEACHING TIPS 

Prior to Lesson: 
• Prior to doing the activity with students, visit the computer lab or obtain one of the laptops on which 

the students will conduct the activity and complete it from start to finish, using a student login, if 
applicable. This will allow for troubleshooting and help to ensure that the activity is successful. 

• If your school’s firewall or network security prevents accessing the files, contact the network 
administrator at your school or district to arrange special access. If this is not possible, try to access the 
files outside of school and load them onto your school website or into a cloud storage service, like 
Google Drive, Box, or Microsoft OneDrive, which students will be able to access on the day of the 
activity. We have provided a single zip file named Temperature-Data.zip that includes all the data files 
so you download them all at one time. 

• Hand out the student worksheet the day before the activity and assign it for reading at home. 
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• Introduce the activity by showing the coral bleaching animation 

http://www.hhmi.org/biointeractive/coral-bleaching the day before, or assign students to view it 
outside of class prior to the activity. 

• To save paper: 

o Print a class set of the Student Worksheet, and instruct students not to write on them. 

o Pass out the reef cards and have the students write their name(s) and reproduce the data table 
from step 4b of the procedure on the back of the card. 

o Have the students turn in the card with the completed data table at the end of the activity. This 
allows each student’s work to be checked and graded without writing on the multipage 
student worksheet, thus allowing it to be reused. 

o You may either use the discussion questions for a class discussion, or assign them to be 
submitted on a separate sheet of paper. 

• Display the completed world maps on a screen using a projector or smart board. 

• The teacher materials include a set of graphs for which the degree heating weeks (DHW) have already 
been determined, which can be used as a key. There is also a set of completed maps that can be used to 
check what the class creates.  

• Advanced students can access the NOAA Coral Reef Watch site directly in order to download near real-
time data (updated twice weekly).  

Discussion Questions 

• What patterns emerge from the maps? 

Answers will vary but may include observations such as: in 2002, the worst heat stress appeared to be 
focused on the South Pacific Ocean; in 2010, heat stress was slightly lower in the Pacific but higher in the 
Indian and Atlantic oceans; in 2014, heat stress was widespread. 
 

• Are there regions of the globe that are more prone to bleaching than others? 

The equatorial region of the Pacific Ocean shows significant heat stress in all three years (except for the 
Galápagos Islands).  

• Is there a global trend from 2002 to 2014? 

From 2002 to 2014, the heat stress increased for 14 locations, stayed the same for nine locations, and 
decreased for five locations. Not all places are experiencing the same trends, but overall the evidence 
suggests the globe is warming.  

 
 
 
 
 
Written by David Hong, Diamond Bar High School, CA 
Edited by Mark Nielsen and Aleeza Oshry 
Copyedited by Linda Felaco  
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Summary Table 

 

    DHW 
LOCATION LATITUDE LONGITUDE MMM 2002 2010 2014 
Asuncion Island 19.5 N 145.0 E 29.3 3.3 4 18 
Abul Thama, Bahrain 27.0 N 51.0 E 31.9 6 18 9 
Barbados 13.0 N 60.0 W 28.5 2 22 4 
Fernando de Noronha, Brazil 4.0 S 33.0 W 28.6 0.4 8 1 
Cayman Islands 19.5 N 80.5 W 29.2 5 11 5 
Chagos Archipelago, U.K. 6.0 S 72.0 E 29.2 3 6 4 
Clipperton Island, France 10.5 N 109.0 W 28.7 9 4 8 
Hurghada, Egypt 27.0 N 34.5 E 28.9 1 8 5 
Fiji 18.5 S 178.5 E 28.1 21 2 16 
Florida Inshore Shelf 25.5 N 81.5 W 29.3 6 15 16 
Galápagos 1.0 N 90.0 W 26.5 8 3 2 
Santa Rosa Reef, Guam 13.0 N 145.0 E 29.5 1 2 8 
Lizard Island, Great Barrier Reef 14.5 S 145.5 E 28.9 8 5 1 
Martin, Florida 27.0 N 79.5 W 29.1 4 9 8 
Midway Atoll North, US 28.5 N 177.5 W 26.9 9 7 11 
Oahu, Hawaii 21.0 N 158.0 W 27 2 0 9 
Ofu, Samoa 14.0 S 170.0 W 29.3 10 8 7 
Okinawa, Japan 27.0 N 128.0 E 28.8 0.1 3 5 
Muscat, Oman 24.0 N 58.0 E 30.3 18 12 14 
Palmyra Atoll 6.0 N 162.0 W 28.7 19 19 13 
Paracel Islands, China 16.5 N 112.5 E 29.3 3 15 17 
El Nido, Philippines 12.0 N 119.0 E 29.7 3 24 13 
Pulu Keeling, Australia 12.0 S 96.5 E 28.5 3 6 14 
Réunion Island, France 21.5 S 55.0 E 27.5 1 5 9 
Arnavon, Solomon Islands 8.0 S 158.0 E 29.5 13 15 20 
Spratly Islands, Philippines  11.0 N 115.0 E 29.6 3 22 12 
Bar Reef, Sri Lanka 8.5 N 79.5 E 29.5 6 5 1 
Tarawa, Kiribati 1.5 N 172.5 E 29.1 40 31 38 

       DHW key 
      0   

     0 > 4   
     4 > 8   
     > 8   
      


