MAKING A GREENHOUSE

OVERVIEW
The students will observe the greenhouse effect using 2-liter plastic bottles, soil, and water. They will
measure temperature changes as well as the effects of soil dampness.

CONCEPTS

In agreenhousegvisible light (e.g., from the Sun) easily penetrates glass or plastic walls, but heat

(in the form ofinfrared radiatior) does not.

Thegreenhouse effecefers to the physical process by which atmospheric gases allow sunlight to
pass through, but also absorb infrared radiation from Earth’s surface. Thus the atmosphere acts
like a heat-trapping blanket. Life as we know it could not exist on Earth without the warming
produced by the greenhouse effect.

Global warmingrefers to the gradual increase of the Earth’s average temperature.

Scientists debate whether the average temperature of the Earth is increasing, and if human activity
is the principal cause.

M ATERIALS

2 Clear plastic 2-liter bottles per team of students

Plastic wrap or clear plastic bags to cover the “greenhouses”
String or rubber bands to hold the plastic in place

2 Thermometers per team

Two 27x 2" pieces of thin cardboard

Soil

Ice cubes

Water

Plastic rulers

Masking tape

Utility knife or saw for cutting the plastic bottles

Clip-on light source with at least a 100 watt bulb (only if you are doing the activity indoors) per
team of students

PREPARATION

Ask each student to bring a 2-liter bottle to class. You could also try to obtain them from a recycling
center. You can cut the bottles before class or have the students cut them. Cut half of the bottles near the
shoulder and the other half about 4 inches from the bottom. The short bottles will be used as controls for the
experiment, because they are shorter they will not trap air as well.

If you plan to do this activity on a cloudy day, you will need a light/heat source. You can usevatt00
bulb in a clip-on lamp attached to a stand.

It should take about 15 minutes to set up the greenhouses. You will need more time if the students cut
their own bottles. You must let the bottles sit in direct sunlight for 30 to 50 minutes, depending on weather
conditions. Allow 50 minutes if you are using the light bulb indoors. Plan on 30 minutes to record and
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Standards & Benchmarks
Science Standard  1,  Grades 3-5
  Knows that the Sun provides the light and heat necessary to maintain the temperature of Earth

Science Standard  1,  Grades 6-8
  Knows that the Sun is the principle energy source for phenomena on Earth's surface (e.g., winds, ocean currents, the water cycle, plant growth) 

Science Standard  1,  Grades 9-12
  Knows how life is adapted to conditions on Earth (e.g., force of gravity that enables the planet to retain an adequate atmosphere, intensity of radiation from the Sun that allows water to cycle between liquid and vapor) 

Science Standard  11,  Grades 6-8
  Knows how the Sun acts as a major source of energy for changes on Earth's surface (i.e., the Sun loses energy by emitting light; some of this light is transferred to Earth in a range of wavelengths including visible light, infrared radiation, and ultraviolet radiation)

Science Standard  11,  Grades 6-8
  Knows that heat can be transferred through conduction, convection, and radiation; heat flows from warmer objects to cooler ones until both objects reach the same temperature

Science Standard  12,  Grades 9-12
  Knows the range of the electromagnetic spectrum (e.g., radio waves, microwaves, infrared radiation, visible light, ultraviolet radiation, x-rays, gamma rays); electromagnetic waves result when a charged object is accelerated or decelerated, and the energy of electromagnetic waves is carried in packets whose magnitude is inversely proportional

Science Standard  15,  Grades K-2
  Knows that learning can come from careful observations and simple experiments 

Science Standard  15,  Grades K-2
  Knows that tools (e.g., thermometers, magnifiers, rulers, balances) can be used to gather information and extend the senses

Science Standard  15,  Grades 3-5
  Plans and conducts simple investigations (e.g., makes systematic observations, conducts simple experiments to answer questions)

Science Standard  15,  Grades 3-5
  Uses simple equipment and tools to gather scientific data and extend the senses (e.g., rulers, thermometers, magnifiers, microscopes, calculators) 

Science Standard  15,  Grades 6-8
  Knows that there is no fixed procedure called "the scientific method," but that investigations involve systematic observations, carefully collected, relevant evidence, logical reasoning, and some imagination in developing hypotheses and explanations

Science Standard  15,  Grades 6-8
  Designs and conducts a scientific investigation (e.g., formulates questions, designs and executes investigations, interprets data, synthesizes evidence into explanations, proposes alternative explanations for observations, critiques explanations and procedures)

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

Geography Standard  8,  Grades 6-8
  Knows the potential impact of human activities within a given ecosystem on the carbon, nitrogen, and oxygen cycles (e.g., the role of air pollution in atmospheric warming or the growing of peas and other legumes, which supply their own nitrogen and do not deplete the soil) 

Geography Standard  14,  Grades 6-8
  Understands the environmental consequences of people changing the physical environment (e.g., the effects of ozone depletion, climate change, deforestation, land degradation, soil salinization and acidification, ocean pollution, groundwater-quality decline, using natural wetlands for recreational and housing development)

Geography Standard  14,  Grades 6-8
  Understands the environmental consequences of both the unintended and intended outcomes of major technological changes in human history (e.g., the effects of automobiles using fossil fuels, nuclear power plants creating the problem of nuclear-waste storage, the use of steel-tipped plows or the expansion of agricultural land)

Geography Standard  14,  Grades 9-12
  Understands the global impacts of human changes in the physical environment (e.g., increases in runoff and sediment, tropical soil degradation, habitat destruction, air pollution; alterations in the hydrologic cycle; increases in world temperatures; groundwater reduction)
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discuss observations.
The students can create any setup that will testtiipathesis You might want to have a sample setup

Clear plastic soda bottle
with top cut off Clear plastic wrap held

Wood block in place with rubber band

Light bulb
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ermometer taped to
" inside of bottle

Figure 1 Sample experimental setup.
to show the students. It can look something like this:

There are several suggestions for experiments. For all of the experiments, make sure the bottles are ir
a place where they will remain in the direct sunlight for the duration of the experiment. Also make sure that
the thermometers are facing the same direction relative to the light source.

For testing the effect with damp soil, make sure to use the same type and amount of soil in both the
experimental and control bottle.

For testing the effect on water temperature, make sure to use the same amount of water in the bottom of
each bottle. The thermometer bulb must extend into the water to the same depth.

For testing the effect on ice water, start with about 3 inches of water in the bottom of each bottle. Mark
the water level on the outside of each bottle with a permanent marker. Add 6 - 12 ice cubes to each bottle.
In this experiment change in the water level is more important than the temperature difference. Continue the
experiment until all the ice is melted.



PROCEDURE

Engagement
The Earth’s greenhouse effect is a natural consequence of the chemical makeatmosipbere If it
were not for the greenhouse effect, life as we know it could not exist on Earth: it would be too cold. Our
atmosphere is made mostly of nitrogen and oxygen, but also contains several other gases. These includ
carbon dioxide, methane, nitrous oxide, water vapor and ozone, which are kngreard®use gases
Greenhouse gases are released naturally through geologic processes and the metabolic activity of living
things. However, there is an ongoing debate over human effects on Earth’s global climate. Human indus-
trial activity on the planet has increased the quantities of greenhouse gases through agriculture, manufactur
ing, power generation, and engines used for transportation. Key questions include: Is the average tempera
ture of Earth increasing? Does the presence of human beings contribute to global warming? If the tempera-
ture of Earth does become warmer, how will it affect us?

Activity

1. After discussing the greenhouse effect and explaining the model that the students will set up,
spend several minutes brainstorming for ways to test the effects of the greenhouse effect on the
following: air temperature alone; air temperature above soil; soil temperature; water temperature;
and polar ice caps.

2. Give each team of students an equipment tray with the materials listed above. Have teams of
students select one of the effects from the list in Step 1 to investigate, and design an experiment
using the equipment on the tray. Each team should create a control experiment using the shorter
bottle without the plastic cover. The student-designed experiment should intlyplethesisa
procedure (including a sketch) and a data recording table, including appropriate units of measure.

3. When the experiments have been approved, the students will setup and complete their experiment.
They should let the bottles sit in direct sunlight for 30 to 50 minutes and record their observa-
tions, before, during and after the period the bottles are in the sunlight.

4. Have each team report on their setup and findings. Record their data on the board or on an
overhead projector transparency. List their hypotheses and whether their hypotheses were con-
firmed by the experiment. Were there any experimental errors? What other experiments do the
data suggest?

5. What might happen if we continue to release greenhouse gases into the atmosphere?

Explanation

In this activity, the bottles are greenhouses. The temperature reflects the radiative properties and effec-
tive insulating ability of the plastic wrap that covers the top of the bottles. This is a simple model of the
greenhouse effect that is analogous to the atmosphere’s ability to trap heat.

When the Sun’s energy reaches Earth’s atmosphere, some of it is reflected back into space by the dense
layers of the atmosphere, particulate matter, cloud tops, and the reflective properties of Earth’s surface,
oceans and ice caps. The remaining energy passes through the layer of greenhouse gases and is absorbec
the surface of Earth (land and water). The land and water eventually release some of that energy as infrarec
radiation. When infrared radiation encounters greenhouse gases, much of it is absorbed and re-radiated
Some of it is radiated back to the ground and oceans which absorb the re-radiated energy. If it were not for
the insulating properties of the atmospheric greenhouse effect, life as we know it would not be possible on
Earth.

3



Global warming refers to the gradual warming of Earth’s overall (average) temperature. Scientists are
using computer models to predict increases in overall temperature based on levels of carbon dioxide in the
atmosphere. Data from monitoring stations show that there has been an increase in the levels of carbor
dioxide, as well as other greenhouse gases in recent years (see AaotiWising Greenhouse Gases and
Global Temperature Data Over Tijne One challenge in understanding these data is that past natural
changes have been very large (8émate - Process and Char)gso sorting out human-caused changes
from natural ones is difficult. Scientists wonder whether we are in the process of creating a catastrophic
condition or are merely experiencing part of a long, natural, self-regulating cycle.

EXTENSION

You may wish to try a few variations of the experiment to extend the lesson. The students might test
other variables, such as wet versus dry soil, different kinds or colors of soil, evaporation rates of water from
soil, and salt water versus fresh water. The students can also test the effect of using green rather than cle:
bottles or of changing the amount of light entering the bottle.

You can also have your students research and debate the data surrounding the issue of global warming
You might wish to conduct a simulated World Climate Conference to discuss the issue of global warming.
Try to resolve these key questions: Is global warming occurring? If so, is it caused by natural events or
human activities? What, if anything, should be done about it?

Links To ReLateED CD AcTiviTiES , IMAGES, AND MoOVIES
Image of Earth’s greenhouse cycle
Activity Analyzing Greenhouse Gases and Global Temperature Data Over Time

V OCABULARY
atmosphere global warming greenhouse
greenhouse effect greenhouses gas hypothesis

infrared radiation

SOURCE
Adapted from GEMSGIlobal Warming



