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Background 

Global climate change, significant variation in Earth's temperature and weather patterns, has occurred 

throughout the planet's history.  The causes of climate change are many, and include: 

• astronomical conditions, such as Earth's combined tilt and elliptical orbit, and events, such as variations 

in solar activity.  

• changes in atmospheric conditions, such as changes in gas and particle composition and in Earth's 

albedo, or atmospheric reflective power.  

• tectonic activity such as continental drift, sea floor expansion, oceanic displacement, and changes in 

large-scale oceanic current circulation.  

• singular events such as volcanic eruptions and meteor impacts.  

In the past several decades, various climate data (e.g., an overall rise in surface air temperatures, the shrinking 

of ice caps, and rise of sea levels) have suggested that the planet is experiencing a period of rapid global 

warming.  This is prompting scientists to examine the possible causes of this condition.  One focus of these 

investigations is to examine the extent to which an increase in anthropogenic greenhouse gases in the 

atmosphere since the Industrial Revolution has affected global climate change.  Mounting evidence suggests a 

correlation between increasing levels of carbon dioxide (a greenhouse gas) in the atmosphere and higher 

average global temperatures.  Although a direct link has not yet been established between man-made 

greenhouse gases and climate change, many scientists interpret the data as highly suggestive.  
 

The average amount of solar energy absorbed by the earth and its atmosphere is approximately equal to the 

amount of energy that is released back into space.  Land, water, clouds, water vapor, dust, and ozone can absorb 

incoming solar radiation as well as reflect and emit energy back into space.  Greenhouse gases are gases in the 

atmosphere that allow relatively short-wave incoming energy to reach the surface, but trap long-wave radiation 

near the surface.  Greenhouse gases comprise a fraction of the atmosphere, but they are essential for retaining 

heat, raising the average surface temperature approximately 35˚C from -21˚C to +14˚C.  Without greenhouse 

gases, most life forms on Earth could not survive.  However, atmospheric concentrations of the greenhouse 

gases carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4) have been increasing for decades, and 

continue to increase.  
 

Water vapor is the most abundant naturally occurring greenhouse gas in Earth's atmosphere.  The concentration 

of water vapor in the atmosphere is variable and short-lived compared with that of other greenhouse gases.  

Water vapor goes through positive and negative feedback loops in response to temperature changes, making its 

effect on climate change difficult to measure.  
 

Carbon dioxide comprises approximately 0.0384% of the gas in the atmosphere, and is the second most 

abundant greenhouse gas.  Natural sources of carbon dioxide (accounting for approximately 95% of 

atmospheric carbon) include volcanic eruptions, decay of organic matter, forest fires, oceanic evaporation, and 

respiration.  Carbon dioxide levels have varied greatly throughout Earth's history, with higher levels 

corresponding to warmer periods.  Although anthropogenic activity accounts for only about 5% of carbon 

emissions, the levels of atmospheric carbon dioxide have risen dramatically in the last 200 years due to the 

burning of fossil fuels (oil, coal, and natural gas) and the destruction of tropical forests and plants that take up 

carbon dioxide during photosynthesis.  
 

The atmosphere can store about 750 billion tons of carbon, but burning fossil fuels and deforestation adds 7.1 

billion tons of carbon to the atmosphere every year.  Carbon dioxide has an atmospheric lifetime of between 50 

and 200 years, meaning that carbon dioxide will be present in the atmosphere for a minimum of 50 years before 

it is absorbed by a sink or becomes part of another chemical reaction.  Natural land-based carbon sinks include 

forests (absorbing 0.5 billion tons) and soils (net absorption of about 1.3 billion tons).  The oceans can absorb 

about 2 billion tons of carbon.  The remainder, approximately 3.3 billion tons, accumulates in the atmosphere. 

Forecasters have predicted that by the year 2060, approximately 14 billion tons of carbon will be emitted into 
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the atmosphere annually, leading to an unprecedented rise in Earth's temperature.  Plants, animals, and bacteria 

on land and in the oceans continually take up, release, and transport carbon.  This creates sources and sinks of 

dissolved carbon that vary across ecosystems and through the seasons.  
 

Life in the oceans, particularly near the surface, consumes and releases huge quantities of carbon dioxide.  The 

world's oceans store about 50 times more dissolved carbon dioxide than the amount of carbon gas present in the 

atmosphere.  The rate that oceans can remove carbon dioxide from the air depends on atmospheric carbon 

dioxide levels, oceanic circulation and mixing, water temperature, pressure, and the presence of other ions.  

More carbon dioxide in the air results in more carbon dioxide in the ocean.  The faster the ocean circulates, the 

greater the volume of water exposed to atmospheric carbon dioxide, and the greater the carbon dioxide uptake 

by the ocean.  However, the reaction of carbon dioxide and water limits how quickly the carbon dioxide can be 

absorbed.  For every 10% increase in atmospheric carbon dioxide, oceanic storage increases by about one 

percent, depending on local conditions.  
 

Anthropogenic carbon is highest near the water's surface, where it enters from the atmosphere.  Levels are also 

higher in cold water near the poles.  Cold water is denser than warm water; therefore, as the warmer water 

circulates in oceanic currents, the cold water that contains carbon dioxide descends to intermediate and deep 

ocean depths.  Increases in surface air temperature lead to warmer surface water temperatures.  Warm water 

holds less dissolved gas than cold water, so as oceanic water warms, it cannot contain as much carbon dioxide.  
 

A warmer climate will also melt ice and increase rainfall near the poles, adding fresh water to the ocean.  Fresh 

water is less dense than saltier water and floats on top of it, stratifying the ocean and slowing the mixing and 

circulation that transports carbon dioxide away from the surface and into deep ocean reservoirs.  The net effect 

is higher atmospheric carbon dioxide concentrations and a further acceleration of warming trends.  
 

When carbon dioxide gas (CO2) dissolves in seawater, it combines with water molecules (H2O) to form 

carbonic acid (H2CO).  The increasing amount of carbon in the oceans has led to oceanic acidification.  

Between 1751 and 1994, surface ocean pH is estimated to have decreased from 8.179 to 8.104.  Acidic oceanic 

conditions are detrimental to many ocean-dwelling organisms, in particular, marine plants and animals that 

utilize calcium carbonate to build shells and other hard structures.  The acids react to dissolve calcium carbonate 

(CaCO3), making it more difficult for organisms to build these components.  Many of the adversely affected 

organisms, including corals, sea urchins, phytoplankton, and pteropods, play a critical role in the ocean's food 

web.  
 

Natural, anaerobic bacterial decomposition of organic matter produces methane, a colorless and odorless gas.  

Other natural sources of methane include wetlands, oceans, and termites.  Human activities such as growing 

rice, raising cattle, using natural gas, mining coal, and burying waste in landfills add to the concentration of 

methane in the atmosphere.  Melting of permafrost due to global warming can also be a source of methane 

released into the atmosphere.  Methane is 20 to 30 times stronger than carbon dioxide at absorbing heat, and is 

stable in the atmosphere for nine years.  The growth rate of atmospheric methane has declined since 1992, and 

atmosphere concentrations have remained steady.  
 

These man-made compounds formerly were widely used as refrigerants, propellants, cleaners, and solvents.  

Since 1992, atmospheric levels of chlorofluorocarbons have either leveled off or declined in response to the 

Montreal Protocol, which banned agents that deplete the atmosphere's ozone layer.  A single CFC molecule has 

an atmospheric lifetime of 100 years, and can trap 10,000 times more heat than one molecule of carbon dioxide.  

The less-damaging CFC substitutes, HFCs (hydrofluorocarbons), have an atmospheric lifespan of 12.1 years, 

and a heat-trapping capacity 1,700 times greater than that of carbon dioxide.  
 

Oceans and tropical soils are significant natural emitters of nitrous oxide gas.  Anthropogenic emissions 

originate, for example, from the use of agricultural fertilizers, the burning of organic waste, and the use and 

production of nylon.  Human activity may account for up to 40% of total nitrous oxide sources, about 15 million 

tons per year.  Nitrous oxide is 180 times more efficient than carbon at absorbing heat, and atmospheric levels 

continue to increase at a relatively uniform rate.  Nitrous oxide remains stable in the atmosphere for 140 to 190 

years before slowly breaking down through stratospheric photochemical processes.  
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Scientists use several different methods for studying past atmospheric conditions, including examining tree 

rings, taking sediment cores, and drilling ice core samples.  Ice core samples provide a timeline of thousands of 

years of climate history, evident in compressed layers of ice and snow.  By analyzing the thickness, chemical 

composition, and particle content of an ice core, scientists can create a historical climate map.  For example, a 

cooling period in Earth's climate history can be identified by layers containing large amounts of volcanic ash or 

dust particles followed by thick, acidic layers and high levels of light oxygen isotopes.  Layers containing high 

levels of methane or carbon dioxide bubbles and high levels of heavy oxygen isotopes indicate warmer periods 

in Earth's atmospheric history.  Salt and acid ion concentrations also play a role in influencing seasonal and 

overall climate change, and they too get incorporated into the ice evidence.  Scientists use ice core samples not 

only to reconstruct Earth's climate history, but also to understand the impact that current atmospheric conditions 

are having on Earth's climate.  
 

Objective(s) 

 to observe and measure the interactions between carbon dioxide, the atmosphere, and temperature 

 to discover how oceans absorb excess carbon dioxide 

 to understand the factors that can upset carbon dioxide sequestration 

 to determine whether certain environmental conditions can influence the greenhouse effect 
 

Materials – Part A

 plastic tanks (x2) 

 black sand 

 250 mL beaker 

 petri dishes, bottom half 

(x3) 

 temperature probes (x2) 

 probe interface 

 heat lamp 

 ruler 

 timer 

 50 mL graduated 

cylinders (x2) 

 masking tape 

 baking soda 

 vinegar 

 electronic balance 

 weigh boat 

 plastic spoon 

 

Pre-Lab Questions – Part A 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. List 4 greenhouse gases in order of heat-trapping potential, from lowest to highest. 

2. Is the “greenhouse effect” good or bad?  Explain your answer by describing the greenhouse effect. 

 Use a ruler to recreate the Data Table below neatly on your lab paper, and be sure it is drawn 

approximately the same size 
 

Safety – Part A 
 

 

 

 

 
 

Procedure – Part A 

During this experiment, you will test the difference in the ability of air and carbon dioxide to retain heat energy 

radiated from black sand.  Two tanks will be prepared: tank 1 will test air and tank 2 will test carbon dioxide 

that is generated in the tank.  In both trials, you will record the temperature every 30 seconds for 8 minutes.  
 

1. Use two pieces of masking tape and label the tanks as “1” and “2.” 

2. With the beaker, pour 200 mL of black sand into each tank.  Level, and distribute, the sand evenly. 

3. Place a temperature probe in each tank so that the tip of the probe is approximately 1 cm from the top of 

the sand.  Secure the probe with masking tape, but make sure not to cover the last 5-6 cm of the probe. 

4. Make sure the heat lamp is turned off.  Position the tanks side-by-side, centered under the heat lamp so 

that the light bulb is angled over the end of the tank, opposite the temperature probe, and 15-20 cm 

above the sand.  The lamp should be angled to point toward the center of the tank. 
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5. Into Tank 1, place the bottom half of a petri dish on the sand closest to the lamp.  Use the graduated 

cylinder to measure 20 mL of vinegar.  Pour the vinegar into the petri dish. 

6. Into two more petri dishes, add 15 g of baking soda, making sure to break up any lumps.  Measure 20 

mL of vinegar into each of two graduated cylinders.  Place one of the petri dishes containing baking 

soda into Tank 2 in the same way as the petri dish in Tank 1.  Set the other petri dish and vinegar aside 

for now – they will be utilized in a later step. 

7. Attach the temperature probes to the probe interface and start up the data collection software.  Allow the 

probes to equilibrate for one minute. 

8. Record the initial temperature in each tank in the date table. 

9. The following steps MUST be synchronous: 

a. Turn on the heat lamp. 

b. Carefully pour 20 mL vinegar into the petri dish in Tank 2.  Avoid allowing the bubbles to 

overflow the sides of the dish into the sand. 

c. Start the timer. 

 IMPORTANT!  Minimize drafts and avoid disturbing the air in or near the tank.  Stand to the side, and 

well clear of, the tank.  Do not stand over the tank! 

10. Every 30 seconds, record the temperature inside each of the tanks. 

11. The following steps MUST be done quickly, with as little disturbance to the air in the tank as possible: 

a. At 4 minutes, remove the petri dish from Tank 2 and replace it with the second petri dish 

containing baking soda. 

b. Carefully pour the remaining vinegar into the petri dish.  As before, avoid allowing the bubbles 

overflow the sides of the dish into the sand. 

12. Continue recording the temperature readings for another 4 minutes. 

13. Turn off the heat lamp after 8 minutes have elapsed.  Allow it to cool before attempting to touch or 

move it. 
 

Data Table – Part A 

Time 
(m:ss) 

Group – Tank 1 
Temperature (˚C) 

Group – Tank 2 
Temperature (˚C) 

 

Class Avg. – Tank 1 
Temperature (˚C) 

Class Avg. – Tank 2 
Temperature (˚C) 

0:00   
 

  

0:30   
 

  

1:00   
 

  

1:30   
 

  

2:00   
 

  

2:30   
 

  

3:00   
 

  

3:30   
 

  

4:00   
 

  

4:30   
 

  

5:00   
 

  

5:30   
 

  

6:00   
 

  

6:30   
 

  

7:00   
 

  

7:30   
 

  

8:00   
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Clean Up – Part A 

 rinse (no need to dry): plastic tanks, beaker, graduated cylinders, petri dishes, weigh boat 

 trash: masking tape 

 everything else returned to its original location 
 

Results & Analysis – Part A 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Create an appropriate graph to plot the class average data from the Data Table – Part A.  Explain the 

relationship between the independent and dependent variables. 

2. What gases were present in Tank 1?  What gases were present in Tank 2? 

3. Did you observe a temperature difference in the tanks between the two trials of your experiment?  

Explain why or why not. 

4. In Tank 2, why did the reaction between the vinegar and baking soda have to be repeated?  Explain how 

this relates to the atmosphere. 

5. How does this experiment show that carbon dioxide is a greenhouse gas? 

 

 

Materials – Part B

 plastic tank 

 pipettes (x2) 

 plastic cups w/lids (x2) 

 vials (x2) 

 50 mL graduated 

cylinder 

 150 mL beaker 

 seawater 

w/phenolphthalein 

 baking soda 

 vinegar 

 electronic balance 

 weigh boat 

 plastic spoon 

 

Pre-Lab Questions – Part B 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. What is phenolphthalein how is it used? 

2. What reaction takes place between carbon dioxide and water and what is formed by the reaction? 
 

Safety – Part B 
 

 

 

 

 
 

 

Procedure – Part B 
 

1. Use the graduated cylinder to measure 20-25 mL of seawater containing phenolphthalein to each cup.   

2. Pour 20 mL of vinegar into the beaker. 

3. Use the electronic balance to mass and add 1 g of baking soda to one vial. 

4. Pipette 3 mL of vinegar from the beaker into the other vial.  

5. Place both cups on a white background, such as a sheet of paper.  Note the color of the seawater in both 

cups.  It should be approximately the same.  

6. Place the vial containing baking soda in one cup, and the vial containing vinegar in the other cup.  Do 

not tip the vials over into the seawater.  

 

 



Page 6 of 6 

7. When both vials are in place, pipet 2.5 mL of vinegar into the vial containing baking soda.  Do not spill 

any of the vinegar into the water, and do not allow the bubbles to overflow the vial when the reaction 

starts.  

8. Immediately cover both cups with lids.  

9. Observe the color change of the seawater for about a minute.  Record your observations.  

10. List several differences between this model and how the ocean and the atmosphere interact.  Then, 

record your observations.  
 

Clean Up – Part B   

 sink: seawater 

 rinse (no need to dry): plastic tank, pipettes, plastic cups w/lids, vials, beaker, weigh boat 

 everything else returned to its original location 
 

Results & Analysis – Part B 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Which cup showed a change in pH?  Explain how this change was observed and how it happened. 

2. Based on the results from Part B, how is carbon dioxide uptake affected by ocean currents and 

circulation? 

3. What happened to the water in Part B after carbon dioxide was created in the air above the water.  How 

does this occurrence relate to atmospheric carbon dioxide and Earth’s radiation balance? 

4. What adverse effect occurs as a result of oceans absorbing carbon dioxide from the atmosphere? 

 

 

 

 

 


