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Urban Heat Islands: An Introduction to Energy Transfer and Transformation

Teacher’s Guide

by Kate Porter, CSIP Graduate Student Fellow, Cornell University
Purpose:  
To introduce energy transfer and transformation processes, which are important in a study of the Urban Heat Island (UHI) effect, and to design an experiment to study the UHI effect.

Materials:

· golf balls (one for each lab group of students)

· firm exercise mat (the type used in school gym classes

· soft pillow (down is ideal, but any soft, squishy item will work; it should be softer than the exercise mat)

· black- or markerboard and chalk/markers


· optional: monochromatic lights

Background Information


Energy exists in many forms, including kinetic, potential, chemical, electrical, thermal (heat), and light.  A central tenet of modern science is that energy cannot be "lost", but only change its form. (Some apparent inconsistencies with this theory can be easily explained when one remembers that matter is, itself, a "form" of energy in that it can be transformed into energy according to Einstein's famous equation E=mc2).  This means that energy lost by an object must be balanced by a gain of an exactly equal amount of energy by one or more other objects in the universe.  This transfer of energy often, but not always, involves a change in form of at least some of the energy being transferred.  The most common type of energy transformation is that of one form of energy to heat (thermal) energy.  Heat energy can be thought of as a "default setting" for the energy in the universe.  When energy of another kind is transferred between objects, inefficiencies in the system result in a transfer that is not completely efficient – for example, the transfer of 100 J of chemical energy from one molecule to another may result in the gain of only 95 J of chemical energy by the accepting molecule.  The "missing" 5 J are converted to heat energy.  Heat energy is almost always the form taken by energy lost due to inefficiency.  The ability for "warm-blooded" animals to regulate their body temperature is a direct consequence of this – when a mammal (for example) feels cold, its body converts chemical energy (stored in fat and other molecules) to heat via incomplete energy transfer.  The conversion of other forms of energy to heat also has profound consequences for surface air, water, and soil temperatures, as well as for building and city planning.  


In this lesson, students will be introduced to the concepts of reflection and absorption as they relate to light energy.  A bouncing ball will be used to illustrate what happens when a light ray (energy) hits a reflecting (e.g. tin foil) or absorbing (e.g. asphalt) surface.  It is important that students understand the nature of "visible color" – specifically, they should understand that the color that one perceives an object to be is the result of reflected light, not absorbed light.  For example, leaves look green because the chemicals in them absorb all colors of light except green.  Black objects absorb all colors of light; white object reflect all colors of light.  This has direct bearing on the heating and cooling properties of matter: since black objects absorb all light that falls on them and convert it (largely) to heat energy, black or dark-colored objects will become hotter when exposed to light than will light-colored objects.  This should be familiar to anyone who has ever walked across a parking lot or paved road barefoot on a sunny day and realized that it is much more comfortable to walk along the white or yellow lines than on the asphalt itself.  


When cities are constructed, it almost always involves clearing areas covered by light-colored material (e.g. trees, grass, etc) and replacing it with dark-colored material (e.g. asphalt, tar shingles, etc).  This is thought to be a primary component in the so-called "Urban Heat Island Effect", wherein surface air temperatures above urban centers are observed to be higher than those of surrounding suburban and rural areas.  It is possible for high-school aged students to conduct a high-quality study of the Urban Heat Island (UHI) effect in their city or a nearby urban region; this lesson is designed to be a lead-in to such a study, and introduces concepts of energy transfer and transformation.  The final parts of this lesson describe some possible steps to introduce a study of the UHI effect and to help the students design and execute appropriate procedures for a study of this effect.

Procedure: 

1. Brainstorm with the class different types of energy.  Students may come up with many possibilities, but make sure that kinetic energy, heat, and light are included in the list.  Ask the students whether energy can "disappear" (no – it can only change form).

2. Ask the students for a definition of kinetic energy (energy of motion).  Hold up a golf ball and ask them whether the ball has any kinetic energy (no – it is not moving).  Ask them to come up with ways of giving the ball kinetic energy (throw it, drop it, hit it with another object).  

3. Explain to the students that they are going to investigate what will happen to the kinetic energy of a ball when it hits three different surfaces (floor, mat, pillow).  Tell them that they can answer this question using any procedure they can devise (subject to teacher approval to avoid injuries or overly elaborate procedures), provided it utilizes only a golf ball, the floor, the gym mat, the pillow, and a ruler and/or yard stick (optional). 

4. Divide the students into lab groups (groups of 2-3 are ideal) and give the groups approximately 5-10 minutes to think of a way to answer the question, along with prediction(s) for the outcome(s).  Once their procedure has been approved and their predictions made, the students can retrieve a golf ball from the teacher and conduct their experiments.

5. When each group has completed their experiment (the students will have to share the gym mat and pillow) and recorded the results, bring their attention back to the front and ask each group for a short summary of their experiment and results.

6. The students should have found that the golf ball bounces highest from the hard floor and does not bounce at all from the pillow.  Some possible reasons that some groups may not obtain these results include a) adding different amounts of kinetic energy to the ball for each target (this is particularly likely if the students chose to throw the golf ball) or b) adding insufficient kinetic energy to the ball at each trial (such that even when the ball is dropped to the floor it does not bounce).  

7. Ask the students what "happened" to the kinetic energy of the ball when it hit each surface.  Introduce the terms reflection and absorption, and help them understand the meaning of each and the analogies with each surface-ball interaction.  Ensure that they understand that the "absorption" of energy is really just a conversion of one form of energy (kinetic, in this case) to another (heat and kinetic energy here).

8. Ask the students if they think that other types of energy can change from one form to another.  Referring to the list on the board, ask the students if they can think of an example of light energy being converted to some other type of energy.  Advanced students might come up with photosynthesis (light energy to chemical energy), and some students might also mention solar power (light energy to electrical energy).  These are both important ways in which light energy changes form.  However, the conversion that is important for this lab is the conversion of light energy to heat energy.  If students do not come up with this idea, ask them if they have ever walked on a paved road barefoot on a sunny day.  This should immediately make clear the transformation of light energy to thermal (heat) energy.  Ask the students whether the black pavement or the white or yellow lines get hotter in the sun; explain that darker colors absorb more light energy than do lighter colors.  Since it is the absorption of light energy that causes it to be converted to heat, colors that absorb lots of light will heat up faster than will lighter colors that reflect a lot of light.  If desired, you might introduce the concepts of color and light reflection/absorption at this point, but it is most important that students understand that dark colors absorb more energy than do lighter colors.

9. The students should now understand the basic mechanisms behind the transformation of light energy to thermal energy.  The next step is to extrapolate from that understanding to make predictions about the influence of human constructions on surface heat flow.  

10. Divide the students into small groups (2-3 students per group).  Ask each group to hypothesize about the effects of the presence of human constructs in terms of energy transfer and heat production.  Some possible questions to answer include

· Will human constructs absorb more or less light than natural ground cover?  Does the answer depend on the types of materials being compared?

· What types of human actions and building materials would be most likely to absorb a great deal of light energy?  Very little?  What about natural materials?

· How would absorption of light energy (by man-made or natural materials) affect the climate of the surrounding area?  

· How far from the Earth's surface do you think these effects would extend?

11. After allowing the students 10-15 minutes to come up with some hypotheses, recall their attention and ask them to share some of their hypotheses with the class.  

12. Compile some of the hypotheses and/or questions that are mentioned.  The specific goal of this study is to measure changes in surface air temperature at different times and locations, but other questions or predictions are definitely addressable.  

13. Brainstorm ideas on ways to test these hypotheses.  What types of data would be needed?  How could those data be collected?  What are some possible difficulties or sources of error that need to be considered?  How might the data be compiled and analyzed?

14. Divide the students into groups (group size is flexible; adjust the groups to best fit your students' abilities and weaknesses).  Ask each group to choose a question (alternatively, all groups might answer the same question, or the groups might be assigned different questions) that was mentioned in step 12 above.  Each group should design an experiment to answer their question, addressing the concerns brought up earlier.  This step may be given as a homework assignment or as an in-class activity.  

Conclusions and suggestions:  
The Urban Heat Island (UHI) effect has been studied in several large cities in the U.S. and worldwide.  The Lawrence Berkeley Laboratory has a Heat Island Group focusing on various aspects of the UHI effect and ways to mitigate it, and several other research groups have published studies of this effect as well.  Below are some links to information and study results on this phenomenon, as well as some resources for experimental design.  I make no guarantees about the state or validity of the internet resources given below, as the information may have been changed, updated, or removed since this document was written.

Possibly useful internet sites:

http://science.nasa.gov/newhome/headlines/essd21jul98_1.htm 
http://eande.lbl.gov/HeatIsland/LEARN/  (Lawrence Berkeley Lab's Heat Island Group)

http://cimss.ssec.wisc.edu/wxwise/heatisl.html 
http://www.treepower.org/heatisland.html 
http://www.earthsci.unimelb.edu.au/~jon/WWW/uhi-melb.html 
http://news.nationalgeographic.com/news/2002/11/1115_021115_GreenRoofs.html 
http://www.brunel.ac.uk/research/solvent/island.htm 
http://abcnews.go.com/onair/CloserLook/wnt000503_urbanheat_feature.html 
http://www.co2science.org/journal/2003/v6n15c1.htm 
http://www.futurityinc.com/cases/uhi.htm 
http://www.rap.ucar.edu/weather/upper/  (National Weather Service real time weather data)

http://www.webmet.com/lulc_data.htm  (Land use land cover data from the Meterological Resource Center)
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