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Data from the Hubbard Brook Ecosystem Study used in this guide were provided by Gene E. Likens 

through funding from the National Science Foundation and the Andrew W. Mellon Foundation. 

 
 
 

Hubbard Brook Experimental Forest is one of 26 national Long-Term Ecological 

Research (LTER) sites established by the National Science Foundation to support 

research on long-term ecological phenomena in the United States. The Network is 

a collaborative effort involving more than 1800 scientists and students investigating 

ecological processes over long temporal and broad spatial scales. The Network 

promotes synthesis and comparative research across sites and ecosystems and among other related 

national and international research programs. 

 
 
 

The Hubbard Brook Experimental Forest is one of 22 experimental forests 

administered by the USDA Forest Service, Northern Research Station which 

partners with the Hubbard Brook Research Foundation to develop and implement 

the Environmental Literacy Program (ELP), of which this guide is a component. 

Experimental forests are dedicated to long-term research on ecosystem processes, silviculture and 

forest management options, wildlife habitat characteristics, and forest growth and development. 

The ELP program works to bring the lessons of this research to teachers, students and the public. 
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Introduction 
 

his teaching guide was designed by the Hubbard Brook Research Foundation to be a 

resource for teachers of grades 7 through 12. It offers content information, classroom 

lessons, experimental activities, outdoor fieldwork, and data analysis suggestions that will 

introduce acid rain and build knowledge about the complex interactions between acid rain 

and ecosystems. Students who participate in fieldwork and data analysis will generate 

information and data that can be used to raise local awareness about acid rain. 

 
 

About  Hub bard  Brook  

The Hubbard Brook Experimental Forest (HBEF) is a 7,800-acre 

forested valley in central New Hampshire that was set aside by the 

United States Forest Service in 1955 and dedicated exclusively to the 

long-term study of forest and aquatic ecosystems. The first stream at 

the forest was fitted with measuring devices (weirs ) in 1956 and, since 

then, water samples, stream flows, soil profiles, and other scientific 

measurements have been taken by research technicians on a weekly 

basis, in all kinds of weather conditions. Neatly stacked rows of 

thousands of water samples are testament to the on-the-ground efforts 

of countless researchers and technicians over nearly half a century. 

These samples and other data represent a treasure trove for scientists 

seeking to understand the long-term changes that occur in forests. 

In the early 1960s, scientists from Dartmouth College and the U.S. 

Forest Service began conducting long-term ecological research at the 

forest, which led to the establishment of the Hubbard Brook Ecosystem   

Study. Over the years, the study has involved researchers from dozens 

of universities, government agencies, and other institutions representing 

a wide range of disciplines, from botany to geochemistry , limnology  

to avian biology. The Hubbard Brook Ecosystem Study employs the 

òsmall watershed approachó to understanding ecosystems, which was 

once considered a novel, even revolutionary, idea. Today more than 

2,000 scientific papers using Hubbard Brook data have been published 

in peer-reviewed journals and books. Perhaps no paper 

was more important than the 1968 study documenting the 

link between the increasing acidity of precipitation and 

fossil fuel combustion in North America, a study in which 

Hubbard Brook researchers coined the phrase òacid rain.ó 

Hubbard Brook is one of the nationõs 26 Long-Term   

Ecological Research (LTER) sites, which are supported 

by the National Science Foundation. The Hubbard Brook 

Experimental Forest is operated and maintained by the  

U.S. Forest Service, Northern Research Station. 

The Hubbard Brook Research Foundation (HBRF)  

is a nonprofit organization that supports the Hubbard 

Brook Ecosystem Study. Our mission is to promote the 

understanding and stewardship of ecosystems through 

scientific research, long-term monitoring and education. 

 
 

 

View  at  Hubbard  Brook  

Experimental  Forest  

Monitoring  equipment  at  Hubbard  Brook  
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Our Environmental Literacy Program (ELP) has been developed and conducted in 

partnership with the U.S. Forest Service, Northern Research Station, and is aimed at middle and 

high school level education. The goal of the ELP is to foster a society where individual and 

collective decisions are informed by a working knowledge of ecosystem functioning. We strive 

to meet this goal by facilitating the transfer of scientific knowledge from researcher to teacher 

by developing curriculum, offering teacher professional development, and working directly with 

interested local schools. Education for college-level students is conducted 

through our Research Experience for Undergraduates Program (REU) which 

provides in-depth, hands-on research experiences at the Hubbard Brook 

Experimental Forest. The program emphasizes both the process of scientific 

research and the skills and importance of communicating that research 

to broader audiences. After an eight-week session students are partnered 

with research mentors and with regional non profit organizations and 

management agencies involved with communicating ecological information 

to broad audiences. 

HBRFõs Science Links program was established to bridge the gap 

between science and public policy, working with Hubbard Brook scientists 

to communicate the results of their research to government, the media, 

environmental and public-interest groups, and the general public. Our first 

Science Links project, Acid  Rain  Revisited , published in 2001, synthesized 

long-term monitoring data and ecosystem experiments that shed light on 

acid rain in the Northeast. A valuable resource, the report is used by policy 

makers, land managers, and the general public, including high school and 

college classes. You may wish to use the entire Acid  Rain  Revisited  report or 

the summary as a resource for your students during your study of acid rain. 

For more information on the pH scale and the causes and chemistry of acid rain, please view the 

PowerPoint slideshow titled Acid  Rain  101 , or use one of the resources listed in Appendix B. 

 
 

W hy W as This  Teaching Guide  Cr eated? 

Acid rain continues to degrade ecosystems. Acid rain was first 

documented in North America in the early 1960s at the HBEF. The 

results of early sampling of upland streams in the Hubbard Brook valley 

perplexed scientists when the water indicated unusually high acidity. They 

subsequently traced the source of the pollution to coal-burning electric 

utilities located in the Midwestern U.S. and transportation sources. Further 

investigations showed that acid rain was altering and degrading the 

ecosystem. This research played an important role in shaping the Clean Air   

Act of 1970, subsequent Clean Air Act Amendments (CAAA) of 1990, and 

the Clean Air Interstate Rule of 2005, which collectively mandated 

reductions in emissions that contribute to acid rain. Hubbard Brook 

scientists have since been able to document that ecosystems have benefited 

from this federal legislation, but that acid rain is still a problem and has had 

a greater environmental impact than previously projected. See Chapter 2  

for more information. 

All citizens should become environmentally literate. When students 

graduate from high school, they should understand how to use ecological 

 

 
Sampling  stream  water  at  

Hubbard  Brook  

knowledge to make informed decisions for themselves and society. An environmentally literate 

citizenry has the skills, knowledge, and motivation needed to promote a sustainable future. 

Students need to be aware of the issues, why they matter, and how they can be addressed. 

Environmental literacy is fostered through place-based education. Some students may know 

about the issue of acid rain, but do they know how acid rain affects their region? When lessons 

directly link students to their community, they become meaningful learning opportunities that 
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help students to make decisions long into the future.  

 

 
Acknowledgments  

This teacherõs guide was written by Jacquelyn Wilson, Education Associate of the Hubbard Brook 

Research Foundation, with the input and advice of many. We would like to warmly thank all those 

who contributed time and expertise to this project. We are grateful for their vision and motivation 

to bring quality science education materials to secondary school educators in the Northeast and 

beyond. 

We would like to thank all the Hubbard Brook scientists who reviewed the content of the guide 

and/or provided assistance in the development of lessons and activities: Drs. Gene E. Likens (Cary 

Institute of Ecosystem Studies), Scott W. Bailey (U.S. Forest Service), Charles T. Driscoll (Syracuse 

University), J. Steve Kahl (University of New Hampshire), and Kristie Judd (Eastern Michigan 

University); and Don Buso (Cary Institute), Phyllis Likens (Cary Institute), Ellen Denny (U.S. Forest 

Service), Amey Bailey (U.S. Forest Service), and Geoff Wilson (HBRF). Other reviewers include:  

David Sleeper (HBRF), Kim Driscoll (Syracuse University), and Cronin Sleeper (HBRF). Joseph Homer 

(USDA New Hampshire Natural Resources Conservation Service) and Jamie Shanley (USGS Sleepers 

River Research Watershed) provided assistance and resources in the development of soil-based 

activities. 

Thanks also to our Education Advisory Council for helping us plan and develop this teaching 

guide. While many people played a part, our core group included Judy Filkins, 

Carol Foley, Dean Goodwin, Debbie Groveman, Lisa Hjelm, Jeannie Kornfeld, Jim Nourse, and 

Michael  Quinn. 

We also thank Jenna Guarino, formerly of HBRF, who initiated the development of this guide; 

and Judy Brown who edited the manuscript and guided the project through the design process. 

We would like to acknowledge resources instrumental to this guide. Exploring Acid Rain utilizes 

complementary Web-based resources, primarily that of the GLOBE Program (Global Learning and 

Observations to Benefit the Environment) on the web at www.globe.gov. Globe is a worldwide, 

hands-on, primary and secondary school-based education and science program and is a cooperative 

effort of schools in partnership with colleges and universities, state and local school systems, and 

non-governmental organizations. Other resources that were important to this guide include the 

Hubbard Brook Ecosystem Study and Environmental Inquiry from Cornell University. 

This project was funded by the U.S. Forest Service/Northern Research Station, Mascoma Savings 

Bank Foundation, and the Wellborn Ecology Fund of the New Hampshire Charitable Foundation, 

Upper Valley Region. Additional funding was provided by the U.S. Forest Service, Northern Research 

Station and Mascoma Savings Bank Foundation. 

 
 

W hat  Do You Think? 

We strive to produce quality teaching guides that are scientifically current and educationally 

useful. Your feedback is fundamental to this process. Please let us know what you think about this 

teaching guide and how we can improve it. Please send comments to: 

 

Anthea Lavallee, Executive Director, Hubbard Brook Research Foundation:  

alavallee@hubbardbrookfoundation.org 

 
 

 

http://www.hubbardbrookfoundation.org/
http://www.globe.gov/
http://www.globe.gov/
http://www.hubbardbrook.org/
http://ei.cornell.edu/


http://www.hubbardbrookfoundation.org Chapter One Exploring Acid Rain / 8  

 

 

 

 
 

Exploring  Acid  Rain 

 

Environmental  

Literacy  

Progr am  

Chapter  1 

About This Teaching Guide 

Exploring  Acid  Rain  is designed to help students 

develop the following enduring understanding: 
 

Human activities can degrade ecosystems and the 

services they provide. Scientific research and long- 

term monitoring are necessary to understand how 

to promote the recovery of degraded ecosystems. 

 

This teaching guide was developed to help teachers, 

students, and schools meet the following goals: 
 

l Learn about acid rain science and how 

ecosystems can recover from acid rain 

l Learn skills in scientific inquiry and 

environmental monitoring 

l See themselves as contributors of knowledge 

and data on local environmental conditions to 

their community 

l Apply this set of understandings to local and 

global environmental issues 

l Achieve academic standards 

l Promote environmental and scientific literacy 

l Integrate chemistry, biology, and earth science 

within the context of environmental science 

http://www.hubbardbrookfoundation.org/
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Arrangement of this Guide 
 

he heart of the teaching guide is found in 

Chapters 3 through 5, which provide content, 

lessons and investigations, fieldwork, and assistance 

with data representation and interpretation. Each 

chapter has an accompanying chart that lists the New 

Hampshire Science Literacy Standards addressed by 

the activities contained in that chapter. These chapters 

are described briefly below. 
 

Chapter  3: Concept-Building  Activities  

This chapter provides information and offers 

experiences that range from discussion-based to lab- 

based activities. Depending on your students and their 

academic experiences, you may decide to skip one or 

more of them. We recommend that you administer a  

pre-test to assess what your students already know to 

identify gaps that can be addressed by these lessons. 

All of the lessons in this chapter include assessments 

and rubrics; for more on assessment, please see 

additional information in Chapter 6: Curriculum 

Options. 
 

Chapter 4: Fieldw ork   

Giving students the opportunity to do fieldwork allows 

them to participate in the process of òdoing scienceó 

and directly connects them with environmental 

conditions within their community. The first lessons 

in this chapter will aid you and your students in 

preparing to do fieldwork. Lessons 4.5 through 4.9 

provide protocols  for collecting data on precipitation, 

 
 
 
 
 
 

Hubbard  Brook  
 
 

precipitation pH, alkalinity (of a water body), soil 

characterization, and soil pH. In addition, this chapter 

offers ways for students to synthesize, interpret, and 

communicate results once students have completed 

data collection. 
 

Chapter  5: Slideshows  

Four Power Point slideshows have been developed 

for this teaching guide. The first, Acid  Rain  101 , 

can serve as a primer for teachers wishing to learn 

content information  about  acid  rain.  Three  additional 

slideshows  tell  the  story  of  acid  rain  research  within  the 

Hubbard Brook Ecosystem Study: Part I: The Discovery,  

Part II:  The Calcium  Experiment,  and Part III:  Ecosystem  

Recovery.  
 

Chapter  6: Curriculum  Options  

This chapter offers ideas that you may wish to 

incorporate in your acid rain unit including the 

òUnderstanding by Designó curriculum planning method 

and a framework for using inquiry in middle school. 

It  also includes several tools and resources that allow 

for student-directed learning, culminating in student 

independent research projects. 
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Curriculum Planning 
 

 

 

efore getting started, we suggest that you ask 

yourself the following questions to help 

determine your approach to this study and where 

your students might go with it. 
 

l How many class periods or blocks of time can I 

devote to this unit? 
 

l Would I like to incorporate fieldwork into this 

unit?  If  so, where will we conduct the fieldwork 

and how will I get my students to the location? 

(Please see Chapter 4: Fieldwork for a more 

thorough discussion of fieldwork considerations.) 
 

l What supplies and equipment do I already have 

that might be useful? What additional supplies and 

equipment might I need to obtain? 
 

l How much direction or guidance do I need 

to provide to help my students conduct scientific 

investigations? 

 

Answers to these questions will become more apparent 

after you review the chapters of this teaching guide 

and consult other resources. If  you need even more 

basic background about the concepts discussed below, 

the Environmental Protection Agencyõs (EPA) guide,  

Learning  about  Acid  Rain , is a good resource for 

grades 6 through 8. 

 
 

 

At work  in  the forest  

 

Most lessons in Exploring  Acid  Rain  cover the first two 

of the following spectrum of inquiry-based approaches: 
 

Teacher-directed student learning, with strong teacher 

direction and oversight throughout the study; 
 

Teacher-guided student learning, where the teacher 

actively teaches important concepts, helps get students 

started on an investigation, and provides ongoing 

guidance; 
 

Student-directed learning, where students initiate 

investigations based on their own questions and carry 

them out while the teacher serves as a facilitator. 

 

If  you are interested in having your students pursue a 

student-directed learning approach, please see Chapter   

6: Curriculum Options. 

 

 
Science Standards  

Chapters 3, 4, and 5 contain links to a New  Hampshire  

Science Standards  table that shows which standards are 

met by each lesson or activity within that chapter. 

We have chosen a subset of the New Hampshire   

Department of Education Science Literacy Standards  

that we feel are addressed well by the lessons and 

activities. This is by no means a comprehensive list 

and other standards can be addressed by this guide 

as well. We have chosen to highlight 9-11 Grade Span 

Expectations (GSE), although GSEõs for grades above 

and below this range are also well-served by these 

lessons and activities. We use these 9-11 GSEõs because 

they hit the middle of the grade range (7 through 12) 

addressed by this teaching guide. The standards in 

the boxes are the òassessment targetsó for the science 

portion of the New England Common Assessment 

Program (NECAP) exam given to students in grade 11 

each year. While inclusion in the NECAP exam makes 

these boxed standards important to teach, all standards, 

taken together, represent the body of knowledge and 

skills students should gain in secondary school. Lessons 

and activities in this guide address one or more of the 

following standards. P
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New Hampshire Depar tment of Education 
Science Literacy Standards 

 
Earth  Space Science 

 

Earth  Space Science 1 
The Earth and Earth materials,  as we kno w them today, have developed  over long  periods  of  

time,  through  constant change processes. 
 

S:ESS1:11:2.1  Recognize that elements exist in fixed amounts and describe how they move 

through the solid Earth, oceans, atmosphere and living things as part of geochemical cycles, such 

as the water, carbon, and nitrogen cycles. 
 

S:ESS1:11:7.1  Explain that water quality can be affected positively or negatively by outside 

sources. 

 
 

Earth  Space Science 4 
The growth  of  scientific  kno wledge  in Earth Science has been advanced through  the 

development  of  technolog y, and is used (alone or in  combination  with  other  sciences) to 

identify , understand,  and solve local  and global  issues. 
 

S:ESS4:11:3.3 Explain how the use of technologies at a local level, such as burning of fossil 

fuels for transportation or power generation, may contribute to global environmental problems. 

 

 
Life  Science 

 

Life Science 2 
Energy fl ows and matter  recycles through  an ecosystem. 

 

S:LS2:11:1.4  Analyze and describe how environmental disturbances, such as climate changes, 

natural events, human activity and the introduction of invasive species, can affect the flow of 

energy or cycling of matter in an ecosystem. 
 

 
 

S:LS2:11:2.2  Explain that as matter and energy flow through different levels of organization in 

living systems and between living systems and the environment, elements, such as carbon and 

nitrogen, are recombined in different ways. 

S:LS2:11:1.5  Using data from a specific ecosystem, explain relationships or make predictions 

about how environmental disturbance (human impact or natural events) affects the flow of 

energy or cycling of matter in an ecosystem. 

http://www.hubbardbrookfoundation.org/
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Life Science 3 
Groups  of  organisms show evidence of  change over time  (e.g., evolution,  natural  selection,  

structures, behaviors,  and biochemistry).  
 

S:LS3:11:1.1  Identify ways humans can impact and alter the stability of ecosystems, such 

as habitat destruction, pollution, and consumption of resources; and describe the potentially 

irreversible effects these changes can cause. 
 

S:LS3:11:1.2  Identify ways of detecting, and limiting or reversing, environmental damage. 
 

S:LS3:11:1.3  Analyze the aspects of environmental protection, such as ecosystem protection, 

habitat managements, species conservation and environmental agencies and regulations, and 

evaluate and justify the need for public policy in guiding the use and management of the 

environment. 

 
 

Life Science 4 
Humans  are similar  to other species in  many ways, and yet are unique  among Earthõs lif e forms.  

 

 
 

 

Physical Science 
 

Physical  Science 2 
Energy is necessary for change to occur in  matter. Energy can be stored, transferred,  and 

transformed,  but  cannot be destroyed. 
 

S:PS2:11:2.3  Recognize that a large number of important reactions involve the transfer of either 

electrons or hydrogen ions between reacting ions, molecules, or atoms. 

 

 
Science Process Skills 

 

Science Process Skills  1: Scientific Inquiry and Critical Thinking Skills 
 

1. Making  Observations  and Asking  Questions  

S:SPS1:11:1.1 Ask questions about relationships among variables that can observed directly as 

well as those that cannot. 
 

2. Designing Scientific  Investigations  

S:SPS1:11:2.2  State a hypothesis and prediction based on available evidence and background 

information. 
 

3. Conducting Scientific  Investigations  

S:SPS1:11:3.1 Select and use apparatus and materials safely. 

S:SPS1:11:3.2  Use instruments effectively and accurately for collecting data. 

S:SPS1:11:3.3  Compile and organize data, using appropriate tools. 

S:LS4:11:2.6  Use evidence to make and support conclusions about the ways that humans or 

other organisms are affected by environmental factors or heredity (e.g., pathogens, diseases, 

medical advances, pollution, mutations). 

http://www.hubbardbrookfoundation.org/
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4. Representing and Understanding  Results of Investigations  

S:SPS1:11:4.1 Compile and display data, evidence, and information by hand and computer, in a 

variety of formats, including diagrams, flow charts, tables, graphs, and scatter plots. 
 

5. Evaluating  Scientific  Explanations  

S:SPS1:11:5.1  Explain how data support or refute the hypothesis or prediction. 

S:SPS1:11:5.2  Provide a statement that addresses the question investigated in light of the 

evidence generated in the investigation. 
 

Science Process Skills  2: Unifying Concepts of Science 
 

1. Nature  of Science 

S:SPS2:11:1.3   Sometimes scientists can control conditions in order to focus on the effect of a 

single variable. When that is not possible for practical or ethical reasons, they try to observe as 

wide a range of natural occurrences as possible to be able to discern patterns. 
 

2. Systems and Energy 

S:SPS2:11:2.1   Systems may be so closely related that there is no way to draw boundaries that 

separate all parts of one from all parts of the others. 

S:SPS2:11:2.3  Even in some very simple systems, it may not always be possible to predict 

accurately the result of changing some part or connection. 
 

4. Patter ns of Change (constancy, change, evolutio n, and equilibrium)  

S:SPS2:11:4.2  Graphs and equations are useful (and often equivalent) ways for depicting and 

analyzing patterns of change. 
 

Science Process Skills  3: Personal, Social, and Technological Perspectives 
 

2. Common Environmental  Issues, Natural  Resources Management, and Conservation  

S:SPS3:11:2.2  Design investigations to answer particular questions about the environment. 
 

3. Science and Technology; Technological Design and Application  

S:SPS3:11:3.1  Analyze environmental issues such as water quality, air quality, hazardous waste, 

and depletion of natural resources. 

http://www.hubbardbrookfoundation.org/
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The Hubbard Brook Ecosystem 
Study and Acid Rain 

Chapter  Overview  
 

l A Brief History of Acid Rain Research at 

Hubbard Brook 

l The Interplay between Monitoring and 

Experimentation 

l What Does Long-term Data from Hubbard 

Brook Tell Us about Acid Rain? 

l Ecosystem Recovery from Acid Deposition 

l The Calcium Experiment 
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The Hubbard Brook Ecosystem Study (HBES) 
and Acid Rain 
 

 

A Brief  History  of Acid  Rain Research at 

the  Hubbard  Brook  Experimental  Forest  

 
he existence of acid rain  (more accurately 

called acidic deposition to include snow, fog, 

and dust), has been known for more than 100 years.1 

Documentation of the acidification  of surface waters 

began in Scandinavia,2  but the first research project  

to document and study acid rain in North America 

was led by Gene E. Likens, F. Herbert Bormann, and 

Noye M. Johnson, who began to measure the acidity of 

rain and snow samples in 1963 at the Hubbard Brook 

Experimental Forest in Woodstock, New Hampshire.3 

However, researchers were not looking for acid rain 

when they discovered it. As part of their study on the  

biogeochemical  cycles of the northern hardwood 

forest, they collected precipitation samples and noticed 

something curious: the pH of rain and snow was very 

low. Instead of measuring pH values close to 5.2, the 

average pH of natural precipitation, the researchers 

frequently recorded values between 4.0 and 4.2, 

which reflect very acidic conditions. In fact, they once 

measured a rain sample with a pH of 2.85, which 

is much more acidic than orange juice! The heavily 

forested White Mountains are located in a very rural 

and upland region of New England. Why was the pH 

of the precipitation over this region so low? Where was 

the acidity coming from? 

The discovery of acid rain at Hubbard Brook 

represents a scientific anomaly ñ something that 

cannot be explained by currently accepted scientific 

theories. This acid rain mystery ceased to be an 

anomaly once it was understood that emissions from 

Midwestern power plants were being carried to 

the White Mountains by prevailing westerly winds 

and dropped on the forest below as precipitation 

and dry deposition. But it was the Hubbard Brook 

Ecosystem Studyõs ongoing monitoring efforts coupled 

with experimentation that solved the mystery of the 

unexpected pH data. Chapter 5 includes three slide 

shows that trace the acid rain research of the Hubbard 

Brook Ecosystem Study. 

 
 

 

1   R. A. Smith, Air and rain: The Beginnings  of a Chemical  
Climatology . Longmans, Green, London, 1872. 

2  S. Oden, The Acidification  of Air  and  Precipitation  and  Its  
Consequences  in  the Natural  Environment.  Swedish 
National  Research  Council,  Stockholm,  1968. 

3   G. E. Likens, F.H. Bormann, and N.M. Johnson. òAcid 
Rain.ó Environment  14: 33-40, 1972. 

 

 

 

 

 

 
 
 
Figure  2.1  Hubbard  Brook  Experimental  Forest  map,  Woodstock,  
New  Hampshire  
 

 

Aerial  view  of experimental  watersheds  at  Hubbard  
Brook  (1984)  

 

The  Interplay  between  Monitoring  

and Experimentation  

In order to understand how an entire ecosystem 
(like a forest or a lake) is affected by pollutants 

and how human actions can worsen or improve 

environmental conditions within that ecosystem, we 

need to study it as an intact unit and monitor it for 

many years. We also need to understand the distinct 

characteristics of each unique ecosystem we study and 

how its components interact with disturbances  such 

as air pollution caused by human activities. (See Figure 

2.2.)  For example, the northern hardwood forest in 

the White Mountains of New Hampshire has soils that 

tend to be naturally acidic. These soils react differently 

to acid rain than the same type of forests in western 

Vermont, where the soils have greater alkalinity  and 

so are better able to neutralize anthropogenic acids. 
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Recent studies at Hubbard Brook and 

other places have shown that acid rain 

has changed the chemical composition of 

soils in the following ways: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure  2.2  Calcium  Cycle  

 

The Hubbard Brook Ecosystem Study (HBES) 

combines two powerful research methodologies to 

shed light on acid rain: 1) the weekly collection of 

biogeochemical data that goes back to 1963; and 

2) the small watershed ecosystem approach that allows 

scientists to design and implement ecosystem-level 

experiments that manipulate specific watersheds and 

leave others as òreferenceó watersheds for comparison. 

Several small watersheds in the Hubbard Brook 

Experimental Forest (see previous page) have been 

designated for experimental study. Here are two links for 

more information about reference watersheds and 

a description of Hubbard Brook watersheds. 
 

W hat  Does Long-term  Data fr om  

the  HBES Tell Us about  Acid  Rain? 

Long-term monitoring efforts documented that, as a 

result of the Clean Air Act and its amendments, emissions 

of sulfur dioxide and concentrations of sulfate in surface 

waters have decreased since 1970; the acidity of stream 

water has decreased slightly in the Hubbard Brook valley 

as well. The buffering, or neutralizing, capacities of the 

soil and surface water in the Hubbard Brook valley, 

however, did not improve with these changes4  and have 

resulted in a delay of chemical and biological recovery 

in its aquatic and terrestrial ecosystems. 

1. 

Base cations in  the soil  (such as 

calcium  and magnesium)  have 
become depleted.  Figure 2.2, Changes 

in the Calcium Cycle, illustrates changes 

to the calcium cycle in the Northeast 

between the years 1950-1995 and 

shows that there is significantly less 

calcium available in the soil at Hubbard 

Brook. The reduction of base cations 

fundamentally alters soil processes and 

hinders the ability of acid sensitive soils 

to buffer (neutralize) ecosystems. In 

addition, the reduction of base cations 

has compromised the nutrition of trees 

such as red spruce and sugar maple. 

2. Acid rain  causes aluminum  to be 

released in  an inorganic,  dissolved  
form,  from  soil  into  soil  water, vegetation,  lak es, 

and streams. Figure 2.3, Acid Deposition Effects on 

Trees, illustrates how high concentrations of aluminum 

in this form can be toxic to organisms. 

3. Sulfur  and nitrogen  have accumulated  in  

forest  soils  across the region.  Even if less sulfur 

and nitrogen are deposited in precipitation, sulfate 

and nitrate continue to be released from soil, which 

continues the acidification process in lakes and streams. 
 

Ecosystem Recovery  from  

 
 

4   G. E. Likens, C.T. Driscoll, and D.C. Buso. òLong-Term Effects 
of Acid Rain: Response and recovery of a forest ecosystem.ó 
Science, 272:244-246, 1996. 

Figure  2.3  Acid  Deposition  

http://www.hubbardbrookfoundation.org/
https://hubbardbrook.org/experimental-watersheds
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Figure  2.4  Ecosystem  Recovery  Over Time 

 

Acid  Deposition  

How do ecosystems recover from acid rain and 

how do scientists know that recovery is occurring? 

To assess the recovery of an ecosystem from acid   

deposition , long-term monitoring is essential, as 

background conditions (data prior to acid deposition) 

must be compared to current conditions. 

In order for an ecosystem to recover, there must 

first be chemical recovery (decreased concentrations 

of sulfate, nitrate and aluminum in soils, lakes and 

streams). As chemical conditions improve, biological 

recovery can start to happen. Biological recovery 

will most likely occur in stages, as not all organisms 

can recover at the same rate and some may be more 

sensitive to acidic conditions than others. Figure 2.4, 

Ecosystem Recovery from Acid Deposition, above, 

details the process of ecosystem recovery by listing 

specific thresholds required for chemical recovery and 

by describing biological recovery rates for various 

aquatic organisms and trees. 

The  Calcium  Experiment  

A major HBES research project that involves 

both long-term monitoring and experimentation is 

the calcium experiment initiated in 1999. (See Figure 

2.3.) HBES scientists hypothesized that if calcium ñ 

an important plant nutrient and a base cation that 

buffers incoming acids ñ was replaced across a whole 

forested watershed, recovery from acidification would 

accelerate. They calculated the amount of calcium that 

had been lost, and then commissioned a helicopter 

to broadcast wollastonite  (a mineral that contains 

calcium) pellets evenly over Watershed 1. Since then, 

data has been gathered in both Watershed 1 and the 

reference watershed, Watershed 6, which received no  

treatment . Data include measurements on stream 

chemistry, soil chemistry, and the health of trees such  

as sugar maple and red spruce. The results obtained 

thus far show that there is a difference between the two 

forested watersheds (data from Watershed 1 indicates 

better growth of sugar maples, more seedlings, more 

soil base cations and higher pH of stream water), but 

new questions surface even as understanding continues 

to grow. The HBES provides a model for scientific 

inquiry, which can be imagined as a spiral that leads the 

inquirer through a repeating series of steps that involve 

questioning and experimentation, which generate results 

which spawn more questions, etc. 

The table that follows shows how long-term 

monitoring and experimentation interact and enhance 

each other at the HBEF to produce valuable insights into 

ecosystem functions. The table uses acid rain to illustrate 

how this inquiry process works. 

http://www.hubbardbrookfoundation.org/
https://hubbardbrook.org/watersheds/watershed-1
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MONIT ORING  AND  EXPERIMENTA TIO N  

Long-Term Monitoring Experimentation 

 

 
Ź 

 

Question 
Why is the pH of precipitation falling on the Hubbard Brook 
Experimental Forest so acidic? (Low pH of rain first documented in 
1963.) 

 

Ź 
 

 

Hypothesis 

 

Sulfur emissions from Midwestern electric utility plants are causing acid 
rain in NH forests. 

Data produced from the HBES informed Congressõ decision to legislate the 
1970 Clean Air Act. 

 

Ź 

 
Ź 

 

 
Test 

 

The 1970 Clean Air Act is passed with limits on six major pollutants to 

reduce pollution, including sulfur dioxide and particulate emissions from 

Midwestern electric utilities. 

Ź  

Response/ 
Results 

 

HBES scientists measure less acidic precipitation (pH is increasing), but 

acid-sensitive surface waters throughout the region do not show a 

recovery in acidity or buffering capacity.  
Analysis Ÿ 

Ź  

Conclusion 

 

NH forests are still impacted by acid rain because 1) the acid neutralizing 
capacity (ANC) of forest soils has been depleted due to past acid rain 
inputs; and 2) sulfur and nitrogen emissions, mainly from electric utilities 
and transportation sources, continue to produce acid rain. 

Ź  

New Question 

 

Would a forest ecosystem show signs of recovery if calcium (lost in soil 

due to acid rain) was replaced? Calcium is an important plant nutrient 

and a base cation that buffers incoming acids.  

 

Ź 
 

Hypothesis 

 

Forest ecosystem functions would recover if the amount of calcium lost 

due to acid rain was replaced. 

 

Ź 
 

Test 
Calcium was added to an entire watershed (W1) at HBEF and compared 

over time with a reference (untreated) watershed (W6). 

 
Ź 

 
Response/ 

Results 

 

The watershed with added calcium (W1) shows better growth of sugar 

maples, more seedlings, more soil base cations, higher pH of stream water, 

etc., compared with the reference (W6). 

Analysis Ÿ  
Conclusion 

Replacing calcium promotes ecosystem recovery in a forest that has been 

damaged by acid rain. 

 

Ź 
 

New questions arise that lead to further experimentation and the inquiry spiral continues. 

http://www.hubbardbrookfoundation.org/
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Chapter  3 

Concept-Building Lessons 
 

 

 
 

Chapter  Activities  

3.1 Pre/Post-Test 

3.2 Pick Your Brain about Acid Rain 

3.3 The pH Game 

3.4 Model a Catchment Basin  

3.5 Just Passing Through 

3.6 Buffering Experiments 

3.7  What Does the Data Tell Us? 

3.8  What Is Ecosystem Recovery? 
 

Overview  

hese lessons will help students to learn 

important concepts about acid rain and 

its effects on ecosystems. If  your students already 

have the knowledge and experience that these 

lessons provide, you may decide to skip one or 

more of them. 

http://www.hubbardbrookfoundation.org/
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3.1 Pre/Post -test  top of chapter 3 
 

 

Overview  
 

e recommend administering a pre-test to students before beginning any unit of study. This serves two 

purposes: As an advance organizer, it lets students know what they are expected to learn by the end of 

the unit, and it allows the teacher to gauge the range of knowledge already held by students. We also recommend 

administering the same set of questions as a post-test at the end of the unit. This allows teachers to check for 

understanding and to help build a sense of accomplishment in the students through their demonstration of what 

they have learned. The following pre/post-test primarily covers acid rain pollutants. You may wish to add or omit 

questions, depending on the content areas you choose to cover in your unit. 

 

Source  

Hubbard Brook Research Foundation 
 

Materials and  Tools 

Copies of pre/post test for students (see following page) 
 

Answer  Key for  Pre/Post -test  

1. C 
 

2. A and B 
 

3. C 
 

4. A 
 

5. C 
 

6. A 
 

7. B 
 

Estimated  Time to Complete Lesson  

10 minutes 
 

Background  Needed  

None 

http://www.hubbardbrookfoundation.org/
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Name: Date:    
 

 

1. What are the two major pollutants that create acid rain? Choose one answer. 

 

A. ozone and sulfur dioxide 
 

B. chlorofluorocarbons and ozone 
 

C. nitrogen oxides and sulfur dioxide 
 

D. mercury and methane 
 

2. What are the two major sources of acid rain pollutants?  Choose two answers. 

 

A. coal burning power plants and factories 
 

B. automobile emissions 
 

C. solid waste incineration plants 
 

D. nuclear power plants 
 

3. How is òacid rainó commonly defined? Choose one answer. 

 

A. rain (or any deposition) that has a pH value less than neutral (7.0) 
 

B. rain (or any deposition) that has a pH value greater than neutral (7.0) 
 

C. rain (or any deposition) that has a pH value of 5.2 or less 
 

D. rain (or any deposition) that contains sulfuric, nitric or organic acids 
 

4. How does acid rain affect acid-sensitive ecosystems such as the Hubbard Brook Experimental Forest? 

Choose one answer. 

 
A. It  mobilizes toxic substances and leads to loss of important plant nutrients in the soil. 

 
B. It  increases growth of trees, resulting in injury due to weaker wood density. 

 
C. It  creates changes in physical soil structure, resulting in more compacted soil. 

 
D. It  decreases concentrations of sulfate in soils and stream water. 
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Questions  5-7 
 
To reduce emissions of pollutants that create acid rain, the 1990 Clean Air Act Amendments instituted a 

òcap and tradeó policy on one of the major contributors. Choose one answer. 

 

5. For which acid rain pollutant was this òcap and tradeó policy created? 
 

A. nitrogen oxides 
 

B. ammonia 
 

C. sulfur dioxide 
 

D. chlorofluorocarbons 
 

6. Which acid rain pollutant was addressed but not òcappedó? Choose one answer. 

 

A. nitrogen oxides 
 

B. ammonia 
 

C. sulfur dioxide 
 

D. chlorofluorocarbons 
 

7. Which acid rain pollutant was not addressed at all by the CAAA? Choose one answer. 

 

A. nitrogen oxides 
 

B. ammonia 
 

C. sulfur dioxide 
 

D. chlorofluorocarbons 
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3.2 Pick Your  Brain about  Acid  Rain top of chapter 3 
 

 

 
Overview  

 
tudents are encouraged to recall anything they have heard about acid rain and generate questions 

about it. This process reflects the usual starting point for scientific investigations, and it helps teachers find 

out what students already know and what misconceptions they may have. Students also discover what their 

classmates have heard and begin to explore and synthesize some initial information about acid rain. 

At the end of the activity, the class will have a list of statements and a list of questions about acid rain. 

These lists will help students sort out the scientific validity of hearsay information and, as the unit progresses, 

to correct misconceptions and separate factual information from statements more related to social values. 

Sources 

Modified and adapted from Acid  Rain,  one of more than 70 teachersõ guides in the Great Explorations in 

Math and Science (GEMS) series. The guide is copyrighted by The Regents of the University of California, 

but the copyright holder is not responsible for any modifications or adaptations. GEMS guides are available 

from GEMS, Lawrence Hall of Science, University of California, Berkeley, CA 94720, on the Web at  

http://www .lhsgems.org. 

 

Standards  Addressed  

(refer to NH Science Standards) 

Ɇ S:ESS4:11:3.3 
Ɇ S:LS2:11:1.4 

Ɇ S:LS3:11:1.1, 11:1.2, 11:1.3 

Ɇ S:SPS3:11:3.1 
 

Student Outcomes  

Ɇ Articulate initial  understandings and questions about acid rain. 

Ɇ Sort through complex, science-related social issues surrounding acid rain and distinguish between 

incorrect, factual,  and  value  statements. 

Ɇ Discuss and use various learning modes in investigating the range of scientific issues surrounding  
acid rain. 

 

Materials and  Tools 

Ɇ 30 to 40 sheets of blank paper 
Ɇ approximately 30 ȰÑÕÅÓÔÉÏÎ ÓÔÒÉÐÓȱ (24-inch by 3-inch strips of paper or card stock) ɂ 5 or more for 

each  group  of  4  students 

Ɇ newsprint  sheets 
Ɇ markers 

Ɇ masking tape 

Ɇ Acids in Your Life homework page, one per student 
 

Assessment  

Ɇ Acids in Your Life homework 

Ɇ Homework Rubric  
 

Estimated  Time to Complete Lesson  

One 40-minute period 
 

Background  Needed  

None 

http://www.hubbardbrookfoundation.org/
http://www.lhsgems.org/


http://www.hubbardbrookfoundation.org Chapter Three Exploring Acid Rain / 24  

 

 

 

3.2  Teacher  Lesson Planning:  Pick Your Brain about Acid Rain 
 

 

Part  1: Introduce  the  òChallenge of the Dayó 
 

1. Introduce the topic by telling the class that you want to find out what theyõve heard about acid rain. 

Emphasize that this is the same way that scientists start an investigation: they find out what is already 

known in order to figure out what to investigate next and how to do it. 

2. Ask students to write down what theyõve heard about acid rain. They donõt need to be sure the information 

is correct; rather, anything that theyõve heard about the topic from books, TV, newspapers, or word of 

mouth is acceptable. Ask them to write down short, concise statements, rather than long explanations.  

They will have about three minutes to make a list of everything that comes to mind. No one else will read 

their list; itõs simply to help them collect their thoughts for the next part of the activity. 

3. Tell students that if they run out of things to write down (or if they donõt have anything to write in the first 

place), to turn over the paper and write down any questions they have about acid rain. 

4. Ask the students if they understand what theyõre supposed to do. Then pass out pieces of blank paper and 

ask them to begin. 

 
Part  2: Organiz e the  òMind Swapó 

1. After three minutes (or a little longer if needed), have the students end the exercise. 

2. Explain that they will work in teams to combine what they have heard about acid rain by doing a òmind 

swapó in their groups. 

3. Explain the following rules 

a) In each group, one student begins by sharing all she/he has heard about acid rain. No one is to 

interrupt the speaker or discuss anything yet. 

b) The other group members listen and, if they wish, they can add things the speaker has said to their own 

individual lists. Again, no discussion at this point. 

c) Each person, in turn, tells the group whatõs on his/her list. Make sure everyone in the group has a 

chance to speak. 

d) After everyone has had a turn, they can ask each other questions and discuss what was shared. 

4. Organize the class into groups of 3 or 4 students. Ask if there are any questions, then have the groups 

begin. 

 
Part  3: Share What Everyone  Has Heard  

1. After about five minutes, conclude the group discussions. Ask the groups to take turns sharing one thing 

that their group has heard about acid rain. List these items on a sheet of newsprint to keep for reference 

as the unit develops. Continue until all groups have shared all of their ideas. Tell them that it is okay to 

òpassó if all of their statements have already been said by someone else. (Note: You may want to have a 

student help write the ideas on the sheet of newsprint so you can facilitate and keep the process 

flowing.) 

2. Ask students if they see any two statements on the sheet of newsprint that canõt both be true. Encourage 

discussion. You can make several important points: 

Ɇ There is often controversy and disagreement in science. 

Ɇ Sometimes we think  we know something, and it might  have been true at one time, but as knowledge in 

the scientific community grows, this òfactó can be shown to be inaccurate. 

Ɇ It  is sometimes easy to confuse what we know about acid rain with  information  about other 

environmental    topics. 

3. Remind the class that what the groups have been sharing is what they have heard  to be true. Explain that 

as the class continues its study of acid rain, they will be better able to determine whether any of the 

statements are correct. 
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Part  4: Generate  Questions:  What  We  Donõt Know  about  Acid  Rain 

1. Tell the class that they will work together to generate questions about acid rain. While some of them may 

have already begun this individually, now youõd like them to focus on it as a group. 

2. Explain that the òruleó here is that they will only list questions for which no one in the group has an 

acceptable answer. So each group needs to discuss the question to see if anyone might know the answer. 

Ask each group to come up with at least one question per person. 

3. Tell groups that they will have about five minutes to write each question in large, clear print on a question 

strip. Then they will post their question strips on a large sheet of paper on the wall. 

4. Check to make sure all students understand, then hand out markers and question strips and have them begin. 

 
Part  5: Post the Questions  

1. After about five minutes, stop the groups and ask them to post their questions. If  you have time, you may 

want to sort these questions into groups or categories, such as technical questions about acid rain, 

questions about its effects, questions about the future, questions about possible solutions to the acid rain 

problem, etc. 

2. After all groups have posted their questions, ask students to read through them and then ask if anyone can 

offer a response to any of the questions. 

3. Point out that scientists and others working on the acid rain problem also have many questions for which 

they donõt know the answers. Thatõs one of the reasons why acid rain is a difficult problem to address. But 

science is the process of asking good questions about the world and building knowledge through 

investigation. 

4. Tell students that you will keep their statements and questions to refer to in later sessions. (If  possible,  find  

a place  to post  them on the classroom  wall  until  the unit  is  completed.  If  you  canõt keep them on the wall  the  

whole  time,  be sur e to record  them  on sheets  of newsprint  so you  can post  them at  appropriate  times.)  
 

Here is a sample list of statements and questions about acid rain, generated by a 7th grade class. 

 
ACID  RAIN  

Student  Statements 

Acid rain is harmful to people. 

Acid rain comes from factories. 

Acid rain ruins farmersõ crops. 

Acid rain is made of poisonous smoke. 

Acid rain is a deadly chemical. 

Acid rain kills fish. 

Acid rain can kill trees. 

Acid rain poisons plants. 

Acid rain kills animals. 

Acid rain comes from air pollution. 

Student  Questions  

What is acid rain? 

How does acid rain fall? 

Why does acid rain fall? 

What does acid rain come from? 

Can acid rain be useful? 

How does acid rain affect the ecosystem? 

How does acid rain affect the ozone layer? 

What is the òacidó in acid rain? 

Does acid rain destroy metals and rocks? 

What does acid rain smell like? 

Does it harm people? 

Is it straight acid when it falls? 

Is there a way to filter or clean acid rain? 

Is all rain acid rain? 

 

Homework  Assignment  

Tell students that in order to gain a better understanding of acid rain, itõs first necessary to learn more about acids 

and how they affect the world. To prepare for this, you will be asking them to do a homework assignment. Show 

them the Acids in Your Life homework sheet. Ask them to look around their homes or at a grocery store 

for labeled items that they think are acids, and to record them on the sheet. Emphasize the safety information 

on the sheet. 

http://www.hubbardbrookfoundation.org/
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Name: Date:   
 
 
 

We sometimes think of acids as nasty chemicals that can cause skin burns and holes in our clothes. But not 

all acids are like that. Acids are everywhere in our lives and some are very useful to us. 

 

Look around your home or at the grocery store to find as many different acids as you can, as determined by 

the productõs label. If  the label says the word òacidó anywhere, then the enclosed substance probably contains 

something acidic. Food items will probably not say whether ingredients are acidic, but donõt forget to look 

through your refrigerator and pantry! Find  at least five  items.  
 

 
 

For each acid  you  find,  fill  in  the details  in  the table  below.  
 

Name of  substance 
listed  on the label  

Brand name on the container  Purpose of  the substance 
(e.g., food, cleaning  supply , etc.) 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

[Adapted and modified from Acid  Rain , one of more than 70 teachersõ guides in the Great Explorations in Math 

and Science (GEMS) series, available from the Lawrence Hall of Science, University of California at Berkeley.] 

CAUTION:  Do not touch any containers or substances that you would NOT normally use at home! 

If youôre not sure about the safety of a substance, such as a strong cleaning liquid or something in a 

medicine cabinet, ask an adult to help you. 

 
 

 

3.2 Student  Assignment:  Acids in  Your Li fe 
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3.2 Teacher  Assessment  Rubric:  Acids in Your Life 
 

 

 

The Acids in Your Life homework assignment has a value of 15 points. To earn 15 points, students must 

accurately identify the name of substance, brand name, and purpose of five labeled substances. 

 
 

HIGHEST     LOWEST  

Score 5 4 3 2 1 
 

Name of 
substance on 
label 

Student has 
accurately 
listed 5 
separate items. 

 

Student has 
accurately 
listed 4 separate 
items. 

Student has 
accurately listed 
3 separate 
items. 

Student has 
accurately listed 
2 separate 
items. 

 

Student has 

accurately listed 

1 item. 

 
Brand name 
on container 

 
Student has 
accurately 
listed 5 
separate brand 
names. 

 
Student has 
accurately listed 
4 separate brand 
names. 

 
Student has 
accurately listed 
3 separate 
brand names. 

 
Student has 
accurately listed 
2 separate 
brand names. 

 
Student has 

accurately listed 

1 brand name. 

 

Purpose of 
substance 

 

Student has 
accurately 
listed 5 
separate 
purposes. 

 

Student has 
accurately listed 
4 separate 
purposes. 

 

Student has 
accurately listed 
3 separate 
purposes. 

 

Student has 
accurately listed 
2 separate 
purposes. 

 

Student has 
accurately listed 

1  purpose. 
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3.3 The  pH  Game top of chapter 3 
 

 

Overview  

 

tudents become familiar with the pH scale and everyday acids and bases by measuring the pH of water 

samples, soil samples, plants and other natural materials from different places. Students create mixtures of 

materials in order to collect different pH measurements. 
 

Source  

Globe, The pH Game 
 

Standards  Addressed  

(refer to NH Science Standards) 

Ɇ S:ESS4:11:3.3 
Ɇ S:SPS1:11:1.1, 11:2.2, 11:3.1, 11:3.2, 11:3.3 

Ɇ S:SPS3:11:3.1 
 
Student Outcomes  

Ɇ Identify  the pH of common substances. 
Ɇ Explain how high or low pH levels may result in dangerous conditions in the environment. 

Ɇ Give examples of factors that can change the pH of a solution. 

Ɇ Describe the concept of acid neutralizing capacity and predict the ability  of a solution to buffer pH. 
 
Materials and Tools 

For each team: 

Ɇ 20 pH strips 
Ɇ 3 to 5 small cups 

Ɇ paper and pencil 

Ɇ labels to attach results to results board 
 
For the class: 

Ɇ results board (one line of pH levels from 2 to 9 for each team) 
Ɇ flip  chart with  rules 

Ɇ additional pH strips 

Ɇ cups of solutions prepared for analysis 
 
Estimated  Time to Complete Lesson  

Two 40-minute periods 
 

Assessment  

Ɇ Student Assessment Questions  

Ɇ Performance Assessment Task and Rubric 
 

Background  Needed  

Ɇ Discussion of lab safety procedures 

Ɇ Basic knowledge of the pH scale 
 

Using  a pH meter  

http://www.hubbardbrookfoundation.org/
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3.3 Teacher  Lesson Planning:  The pH Game 
 

 

 
 

he following student handout includes procedural steps for the activity. For assessment purposes, items 

marked with an arrow indicate places where responses are expected as students perform the activity. 

Four analytical questions follow the activity description. A performance assessment task with a rubric follows 

the analytical questions. 

 

Depending on the type of assessment the teacher wishes to assign, students might simply record answers on the 

student handout to submit to the teacher, or students might write a lab report instead. In this case, the teacher  

can eliminate photocopying by displaying assessment questions on an overhead or board and students can record 

responses in lab books. 

 

Click here for a Lab Report Assessment Rubric. Also see Chapter 6.6 for information on assessing lab reports. 
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Name: Date:    

Please provide responses for questions and tasks marked with an arrow ( Ÿ ). 

The objective of the game is for each team to identify as many solutions with a different pH value as 

possible. 

Ÿ 1. In your lab books or in the space below, draw a horizontal line and label it with the pH scale from 

0 to 14, marking pH 7 as the neutral point. Each pH unit should be spaced at least 1 cm apart so that you 

will have room to write notes below each unit number. 

 

2. Your teacher will divide the class into teams and draw the following matrix on the board: 

 

 pH value  

Teams 1 2 3 4 5 6 7 8 9 10 11 12 13 14 TOTAL 

Team 1                

Team 2                

etc.                

 

 

Ÿ 3. Now each team will measure the pH of various solutions, and the goal is to try to find as many 

different pH values as possible. Each time you measure the pH of a solution, mark and label that solution on 

the pH scale you drew above. Record all the information about the solution from the labels and any other 

information that might be important. For pH values with a decimal point like 2.5, you can choose whether to 

have this count for a pH of 3 or 4. For example, letõs say you took the pH of solutions A and B and got the 

following results: 

 

Solution A (black coffee): pH value = 3.0 

Solution B (orange juice): pH value = 2.5 

You can choose whether to mark Solution B as pH= 2.0 or pH=3.0, but since youõve already found that 

Solution A has a value of 3.0, youõd probably decide to mark Solution Bõs value as 2.0 to get more points for 

your team. 

 

To gain a point for each solution, show your teacher your teamõs notes and sample. Together with your 

teacher, measure the pH with a new pH strip. If  the pH agrees with your teamõs measurement, your sample 

will be approved and the points will be added to your teamõs score. One point is awarded for each box filled, 

even if your team finds two samples with the same pH. 

 

Here is an example of results for different teams: 

 

 pH value  

Teams 2 3 4 5 6 7 8 9 TOTAL 

Team 1 1  1   1 1  4 

Team 2  1  1    1 3 

Team 3 1    1  1  3 

 
 

 

 3.3 Student  Assignment:  The pH Game 
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The following are analysis questions: 

Ÿ 1. Which solution had the lowest pH value and which had the highest? Did either of these surprise 

you? Explain. 

 
 
 
 

Ÿ 2. Compare the pH of the lake or river water with the pH of the tap water. Explain why you think the 

pH values are different. 

 
 
 
 

Ÿ 3. Compare the pH of the lake or river water with the pH of the soil solution. Explain why you think 

the pH values are different. 

 
 
 
 

Ÿ 4. Why do you think were there no solutions with a pH value of 1 or a pH value of 14? 
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3.3 Teacher  Assessment:  Pick Your Brain about Acid Rain 
 

 

 
Performance  Assessment Task 

 

tudents create/draw a horizontal pH scale line from 0 to 14 from memory, marking pH 7 as the neutral point, 

and writing in numbers from 1 to 14 in the appropriate order. Then list at least five substances with different 

pH values, writing the name of each substance under the appropriate pH on the scale. The substances should be 

items that were tested by teams or discussed in class ñ items with which everyone is familiar. 

 

Rubric  

Use rubric below to score studentsõ completion of task. 
 

Note: A score of 4 is exemplary and a score of 1 is inadequate, indicating either high or low mastery of the 

content and skills. 

 
 
 
 

HIGHEST    LOWEST  

Score 4 3 2 1 

Criteria  Student creates 

a pH chart as 

directed and lists 

five substances in 

the appropriate 

pH range with no 

mistakes. 

Student creates a 

pH chart as directed 

and lists five 

substances in the 

appropriate pH 

range with less than 

one mistake. 

Student creates 

a pH chart as 

directed and lists 

at least two or 

three substances 

in the appropriate 

pH range, with at 

least two being 

accurate. 

Student fails to 

follow directions 

to complete 

a pH chart as 

requested. 
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3.4 Model  a  Catchment   Basin top of chapter 3 
 

 

 

Overview  

 
tudents construct a three-dimensional model of a catchment basin and use it to investigate watersheds and 

water pathways in a landscape, a scientific study known as hydrology . They experiment with the model to 

explore how catchment basins can change due to the earthõs destructive and constructive forces as well as a result 

of human activities. 

 

Source  

Globe, Model a Catchment Basin 
 

Standards  Addressed  

(refer to NH Science Standards) 
 

Ɇ S:ESS1:11:2.1, 11:7.1 

Ɇ S:LS2:11:1.5, 11:2.2 

Ɇ LS3:11:1.1 

Ɇ S:SPS1:11:1.1, 11:2.2, 11:3.1, 11:5.1, 11:5.2 

Ɇ S:SPS3:11:3.1 
 
Student Outcomes  

Ɇ Define the concept of a catchment basin and a watershed. 
Ɇ Provide examples of how their  model relates to the real world. 

Ɇ Provide examples of basic concepts of catchment basins and watersheds; for example, water runs downhill,  

hills make divides, low-lying areas create pooling, water quality is affected by what is upstream, etc. 

 

Materials and  Tools 

Ɇ miscellaneous objects that may be used to create the model infrastructure  
Ɇ outdoor models may use sand, wood, rocks, etc. 

Ɇ indoor models may use classroom items such as buckets, bowls, rolls of paper towels, etc. 

Ɇ plastic sheet (2 x 2 meters) 

Ɇ spray bottle with  water 

Ɇ sponges 

Ɇ blue food coloring (or other color you choose) 

Ɇ permanent marker that will  write  on plastic or black electrical tape 

Ɇ ruler  

Ɇ topographic map 
 
Estimated  Time to Complete Lesson  

Two 40-minute periods 
 

Assessment  

Ɇ Assessment  Questions 

Ɇ Performance Assessment Task and Rubric 
 

Background  Needed  

None 

http://www.hubbardbrookfoundation.org/
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3.4   Teacher  Lesson Planning:  Model a Catchment Basin 
 

 

 
 

he following student handout includes procedural steps for the activity. For assessment purposes, the items 

marked with arrows indicate places where responses are expected as students perform the activity. A 

performance assessment task with rubric follows the analytical questions. 
 

Depending on the type of assessment the teacher wishes to assign, students might simply record answers on the 

student handout to submit to the teacher, or students might write a lab report instead. In this case, the teacher  

can eliminate photocopying by displaying assessment questions on an overhead or board and students can record 

responses in their lab books. Click here for a Lab Report Assessment Rubric. Also see Chapter 6.6 for information 

on assessing lab reports. 

 

See additional description and photos on page 37. 
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Name: Date:    

Provide responses for questions marked with an arrow (Ÿ ). 

How  to Make the Model  

1. Find an area about 1 meter square to build a catchment basin model. This could be a tabletop or plywood sheet 

if you are working inside or a grassy or sandy area outside. 

 

2. Gather the various objects to make the model, such as a plastic sheet, rocks, buckets, sponges, spray bottles with 

water, and food coloring. 

 

3. Arrange objects of various sizes inside the area. The tallest objects will represent mountains. Shorter objects or 

buckets or bowls may represent hills, lakes, or plains. 

 

4. Cover the entire area and all of the objects with a sheet of plastic. Use your hands to mold the plastic loosely 

around the covered objects. This is now a model of a landscape with hills, valleys, and connections between them. 

 

5. Add food coloring to water in spray bottle. 
 

 
Adding  Rain to Model  

Ÿ 5. Predict what will happen if it ôrainsõ on your model. Where will the water go? Will it move faster in some 

places? Will some places form pools? How do you know? 

 

6. Use the spray bottle to make it rain on the top of your highest mountain. Continue spraying water until you can 

see where streams, rivers, and lakes form. 
 

7. Choose a small pool on your model to be your hydrology  site . Mark the site with a marker, stone, or other object. 

Ÿ 8. Make it rain by using the spray bottle and then answer the following questions: 

 
(a) Where does the water come from that flows to your hydrology site? 

 
(b) Where does water flow away from your site? 

 
(c) What features on the landscape determine what will be part of your basin? 

 
(d) What determines the watershed? 

 

The places where water (precipitation) lands and flows in your hydrology site is considered the catchment basin  

for your site, and the watershed is the basin  boundary  ñ the high elevation areas surrounding and defining 

your site. 

Ÿ 9. (a) Where would be a good place to locate our school on your model? 
 

(b) Where would you like your house to be located? 

Mark these places on the model. 

 
 

 

3.4 Student  Assignment:  Model a Catchment Basin 
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Ÿ 10. Explore the consequences of changes in the catchment basin: 
 

(a) What happens if you dam the stream that flows to your water site? (Use a sponge to create a dam.) 

 
(b) What happens if you plant a forest above your site? (Use a large flat sponge for the forest ð it will soak 

up water for a time just like soil and vegetation.) What happens if you remove the forest? 

 
(c) What happens if someone builds an industry that causes pollution? (Place a small piece of sponge 

soaked in food coloring where your industry will be located and watch the ôpollution plumeõ as it rains.) 

 
(d) What happens if someone decides to draw water from your stream for irrigation or urban use? (Make 

ôcanalsõ that take the water away from your stream to other places.) 

 

After you have completed your model, think about your hydrology site if you made the following changes on 

the landscape: 

 

Ÿ 11. What would happen if you poured a pile of salt on the mountain above your site?  

Ÿ 12.  What would happen if you poured the pile on the other side of the mountain?   

Ÿ 13.  Use a marker to outline the watershed boundary for your hydrology site. 

Ÿ 14. List three things that might affect the water quality (flow, temperature, sedimentation, 

etc.) at your site and describe the effect that each might have on water quality. 
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Model  a Catchment  Basin 

This hydrology experiment allows students to investigate watersheds and water pathways in a landscape. 
 
 

 
These are the materials that the students used to 

òcreate topographyó in making their catchment 

basin (watershed). Students placed items such 

as rocks, funnels and bottles inside the lid of a 

cardboard box and then covered everything with 

plastic. This plastic represents the soil surface in 

a catchment basin (watershed). 

 
 
 
 

 
Here you can see the studentsõ watershed in 

the cardboard box lid. Notice the spray bottle 

that is filled with water. The water has been 

colored with food coloring to make it easier to 

see the flow paths that the water creates as it 

moves downhill. To represent rain falling in the 

watershed, students sprayed the colored water 

on the plastic and observed where it went. 

 

Students were asked to observe where òstreamsó 

and òriversõ formed/started, and to notice where 

ponds/lakes formed. 

 
 
 

This plastic dish contains 3 types of colored 

sponges: The green sponges represent trees,  

the orange represent industry that is leaking 

pollution, and the blue sponges either represent 

the studentsõ school, house, a dam. Notice that 

the orange sponges have been dipped in food 

coloring or inkéyou will see what happens in 

the following pictures. 

 
 
 
 
 

See how the water leaving the industry is 

carrying the pollution into the watershed. This 

example could be used for other things that 

arenõt are obviously òbad,ó such as wastewater 

treatment plants ñ they discharge their clean 

water into the rivers, but often the water coming 

from the wastewater treatment plant isnõt exactly 

the same in quality or temperature compared to 

river water. 
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Model  a Catchment  Basin page 2 
 

 

 

 
 

Notice the green òtreesó sponge has soaked 

up some of the water. This truly represents 

what trees do: they soak up water. This shows 

students the value of trees in retaining water in 

an ecosystem; without trees, steep slopes would 

erode away. Making students aware that trees 

draw water up from the soil is important also 

because it helps students realize that trees need 

clean water, too! 

 
 
 
 

Some students put their blue sponge (school 

or house, or dam) in the middle of a river! 

The teacher asked them to place the sponges 

BEFORE they started spraying their òrain.ó If  the 

blue sponge is a dam, then they put it in a good 

site. But if the blue sponges was a buildingé 

bad choice! 

 
 
 
 
 

The black òXó drawn on the plastic represents 

the studentsõ òhydrology site.ó The teacher asked 

questions, like òWhere did the water at your 

hydrology site come from?ó The teacher also 

asked students to notice òridgelines,ó as these 

create mini-watersheds. This activity shows 

that although it is easy to understand how 

pollution affects things downstream, it is not 

easy to picture what a watershed is, and how 

something that seems far away really might be 

in the same watershed. For example: if a large 

area of trees are cut right beside a river, high 

up in a watershed, a lot of erosion will happen. 

What if there is a reservoir farther down, even 

on the other side of a small ridge, in that same 

watershed? The reservoir would feel the 

effects ñ be filled with silt, etc., from the 

erosion of the steep hillside. 
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3.4 Teacher  Assessment:  Model Catchment 
 

 

 

 

Performance  Assessment  Task 

Provide a topographic map that depicts a catchment basin. Ask students to indicate the following using different 

colored pencils 

 

(a) The boundary of the catchment basin (RED pencil) 
 

(b) Drainage from the watershed divide into the catchment basin using arrows (BLUE pencil) 
 

(c) The steepest slope using a thick arrow (YELLOW pencil) 
 

Students then create a legend on the map explaining/defining the colors and their meanings. (The legend 

can be created on a separate white sheet and taped or pasted to the map.) 

 

Lastly, instruct students to write a short paragraph explaining a catchment basin and how and why the term 

is used by scientists. Students may elect to do additional research to write a clear paragraph. 

 

Rubric  

Complete the task described above using the rubric below for guidance. 
 

Note: A score of 4 is exemplary and a score of 1 is inadequate, indicating either high or low mastery of 

the content and skills. 

 
 

HIGHEST    LOWEST  

Score 4 3 2 1 

Criteria  The student 

completes all of 

the required tasks 

as indicated for 

a score of ò3ó 

and also includes 

additional useful 

features or 

information on the 

map and legend, 

and/or writes a 

stellar description 

of a catchment 

basin with no 

grammatical 

mistakes and which 

shows extra insight 

into understanding 

the usefulness of 

this concept to 

scientists. 

The student 

completes all of 

the requested 

tasks following the 

guidelines provided: 

adding appropriate 

color-coded symbols 

with a matching 

legend  explaining 

the symbols, and 

writing a concise and 

accurate description 

of a catchment basin 

mentioning the most 

important features 

and purposes. 

The student 

completes some, 

but not all, of the 

assigned tasks: 

a) adding color- 

coded symbols 

to the map 

as described, 

b) adding a 

matching legend, 

and 

c) writing a 

description of  

a catchment 

basin. Students 

must attempt at 

least two of the 

three tasks above 

indicating he/she 

understands the 

directions. 

Student does not 

follow directions, 

and does not 

complete all 

the information 

requested using 

appropriate color- 

coded pencils. 

Student does not 

create a legible, 

complete legend. 

Student does not 

write a paragraph 

describing a 

catchment basin. 
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3.5 Just  Passing  Through  top of chapter 3 
 

 

 
Overview  

tudents time the flow of water through soils with different properties and measure the amount of water held 

in these soils. They also experiment with filtering and buffering abilities of soils by observing changes to 

clarity of water and characteristics of soil and testing the pH of water before and after it passes through soil. 
 

Source  

Globe, Just  Passing  Through  

 

Standards  Addressed  

(refer to NH Science Standards) 

Ɇ S:ESS1:11:7.1 

Ɇ S:PS2:11:2.3 

Ɇ S:SPS1:11:1.1, 11:2.2, 11:3.1, 11:3.2, 11:3.3, 11:4.1, 11:5.1, 11:5.2 

Ɇ S:SPS3:11:3.1 
 

Student Outcomes  

Ɇ Identify  the physical and chemical changes that occur as water passes through soil. 
Ɇ Design experiments that test soil and water properties. 

 
Materials and  Tools 

Note: Review the Materials and Tools section of the Globe Just  Passing  Through activity for important details. 
 

For each team of three to four students: 

Ɇ two or three clear 2L bottles (prepared as described in set-up instructions below.*) 

Ɇ four to six (maybe more) 500ml beakers or similar  size clear containers 

Ɇ soil samples 

Ɇ fine window screen or other fine mesh that does not absorb or react with  water (mesh size 1mm or less) 

Ɇ strong tape 

Ɇ scissors 
Ɇ water 

Ɇ laboratory ring stands with  rings, if available 

Ɇ pH paper, pen, or meter 
 

* How  to construct  funnels  using  clear 2L plastic  bottle:  
 

Ɇ Remove the labels and lids and cut off the bottoms of the clear plastic 2L bottles. The pour spout or top will  

fit into a 500 mL beaker or other clear container and serve as a funnel. 

Ɇ Discard the bottoms; or, bottoms can be used in place of beakers, though students will  have to mark 

gradations by pouring in known volumes of water and marking water levels at various gradations. 

Ɇ Cut a circle of a fine mesh window screen, nylon net or panty hose about 3 cm larger than the opening 
made in the top of the bottle. Using strong tape or rubber bands, secure the mesh circle around the end of 

the bottle top. 

Ɇ Pour 3-4 cm of sand onto the screen. The sand will  keep the screen from becoming clogged. 
 

Ɇ Place the bottle, mesh side down, on a beaker (or  plastic bottle bottom), or set it  in a ring stand and place a 

catchment   beaker   underneath. 

http://www.hubbardbrookfoundation.org/
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Estimated  Time to Complete Lesson  

One 40-minute period. 

Two-three 40-minute periods for Further  Investigations  

 

Assessment  
 

Ɇ Student Assessment Questions 
 

Ɇ Performance Assessment Task and Rubric 
 

Background  Needed  

None 
 
 
 
 
 

 
 

Comparing  the fl ow  of water  through  different  soil  types  
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