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THE GLOBE PROGRAM™

744 Jackson Place, Washington, DC 20503 USA

Dear GLOBE Students:

You are about to begin an exciting adventure with students all over the world that will
help all of us learn more about our planet! As participants in the Global Learning and
Observations to Benefit the Environment (GLOBE) Program, you will collect
environmental data in your school yard and neighborhood and you will share your
findings with scientists and other GLOBE students.

Scientists have long been conducting research about the Earth’s environment to T
understand how if forms a single, integrated system. However, scientists cannot take the

Earth into a laboratory to study it. Instead, they must collect environmental data from all

over the world continuously. Orbiting satellites collect much data about our planet, but

people on the ground are needed to provide more detailed information. This is why you

are an important member of the GLOBE Team.

As a GLOBE student scientist, you will assist scientists by taking careful measurements
in the area around your school and reporting your data through the Internet. Your
studies will include monitoring the air, water, soil, and vegetation. Each day you will be
able to chart what is going on in the environment at your school, to compare your
findings with data from thousands of other schools around the worid and to have your
data used to create pictures of the world environment based on GLOBE student data.
You will be using your school computer to communicate with other GLOBE students
involved in these same activities.

Scientists will be using your data to answer questions about our environment, and your
data will continue to be useful ten, twenty, and even one hundred years from now! This
is an historic opportunity for you to make a difference in your community and in our
world. Scientists are anxiously awaiting your data...so let’s get started!

Sincerely

Thomas N. Pyi(e, Ir.
Director

Visit the GLOBE Home Page at http//:www.globe.gov
For information or assistance, call toll-free in the U.S. 1-800-858-9947 or e-mail info@globe.gov or help@globe.gov

Global Learning and Observations to Benefit the Environment
An International Environmental Education and Science Partnership
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THE GLOBE PROGRAM"

744 Jackson Place, Washingtdn, DC 20503 USA

Dear GLOBE Teacher:

Congratulations on joining a worldwide network of teachers, students, and
scientists working together to learn more about our environment! Because of your
leadership, your students have the opportunity to work with GLOBE scientists
and other GLOBE students around the world in exciting and serious study that
will generate new knowledge about our planet.

GLOBE is a bold adventure for teachers and students. GLOBE enables you to
engage your class in a collaborative, inquiry-based learning experience. Your
students will have opportunity to explore the corners of the world and the-crevices
of their own school yard. GLOBE will also enhance your efforts to integrate
state-of-the-art technology into your everyday class activities.

This GLOBE Teacher’s Guide provides important information from the GLOBE
scientists and educators which outlines the student measurement procedures and
data quality techniques. We need your help to ensure that students recognize the
importance of their work to the science community and that they appreciate the
need to follow the measurement procedures carefully.

We have also included a wide variety of Learning Activities that you may choose
to integrate into your lesson plans. These activities build on the GLOBE
measurement activities and help students understand the “why” and “how” of
their work.

We look forward to working with you to keep GLOBE meaningful for both you
and your students. If you have any questions or ideas, please contact the GLOBE
Help Desk at 1-800-858-9947 or send email to: help@globe.gov.

Sincerely,
i;g ‘,§«;_,/~
Thomas N. Pyke, Jr.

Director

Visit the GLOBE Home Page at http//:www.globe.gov
For information or assistance, call toll-free in the U.S. 1-800-858-9947 or e-mail info@globe.gov or help@globe.gov

Global Learning and Observations to Benefit the Environment
An Intemational Environmental Education and Science Partnership
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The GLOBE Program

Global Learning and Observations to Benefit the
Environment (GLOBE) is a hands-on international
environmental science and education program.
GLOBE links students, teachers, and the scientific
research community in an effort to learn more
ahout our environment through student data
collection and observation.

The goals of GLOBE are:
* to enhance the environmental awareness
of individuals throughout the world;

* to contribute to scientific understanding of
the Earth; and

* 6 help all studénts téach highet levels of ™"

achievement in science and mathematics.

Students from the ages of approximately five
through eighteen years in schools throughout the
world conduct a continuing program of
scientifically meaningful environmental
measurements. GLOBE students transmit their
data to a central data processing facility via the
Internet, receive vivid images composed of their
data and data from other GLOBE schools around
the world, acquire information from a variety of
sources, and collaborate with scientists and other
GLOBE students and communities worldwide in
using these data for education and research.

The measurements taken by the GLOBE students
serve two important purposes. First, participating
scientists use these data in their research programs
to improve our understanding of the global
environment. Second, students not only learn
how to carry out a scientifically rigorous program
of Earth observations, but also learn to use their
own measurements, together with data from other
GLOBE schools, as a key part of their study of
environmental science. Through contact with and
mentoring by scientists, the students receive
feedback about the value of their data sets in

..world.class scientific research.

GLOBE provides extensive educational materials
to enrich the learning experience of participating
students. These materials include a wide variety
of classroom and field activities to help students
place their measurements in a broader context
and relate their own local observations to global
environmental issues.

Using state-of-the-art technology, GLOBE creates
a forum for students to communicate with their
peers around the world, thus fostering alliances
among students and increasing not only their
environmental understanding but also their
understanding of other cultures and their sense
of global community.

GLOBE™ 1997 Al Teacher's Guide Introduction
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GLOBE Science and
Education

The GLOBE Program is both an international
environmental science research program and an
environmental science education program which,
by design, includes a tight coupling between the
two. This design was a result of a series of
workshops that brought together international
representatives of the science and education
communities. There was agreement from both
groups that science and education in the GLOBE
Program should be mutually reinforcing.

The balance between science and education is
reflected in the Teachers Guide. The GLOBE
science and- education processes are represented
in the scientific: protocols and the-educational
learning activities. The implementation of this
perspective has required involvement of both
scientists and educators. Thus, peer-reviewed
competitions are conducted to select Scientist
Principal Investigator and Educator Co-Principal
Investigator teams to develop GLOBE scientific
and supporting educational materials and to select
Educator Principal Investigators and Scientist Co-
Principal Investigator teams to develop educational
materials and provide evaluations and assessment
tools.

These teams have designed measurement
protocols that are appropriate for primary and
secondary school students and that ensure
accurate and reliable measurements for use by the
international environmental science community.
The GLOBE scientists will employ the GLOBE
student measurement data in peer-reviewed
publications and promote the use of these data to
their colleagues. GLOBE is a hands-on, minds-on
effort in which students will become the
environmental experts for their study sites. GLOBE
students do not just learn about science, they do
science.

The GLOBE Program fosters the creation of a
worldwide research team, comprised of students
and teachers in collaboration with environmental
scientists for the purpose of generating knowledge
about the Earth as an interconnected system. In a

similar manner, this team collaborates in
facilitating the learning of science by students
worldwide.

GLOBE learning activities are designed to promote
the understanding of science through the use of
tools such as visualizations and satellite images.
Most GLOBE schools are able to communicate
with one another through GLOBEMail, and some
have used this capability to establish multi-
country teams to initiate environmental science
research projects. The activities of the teachers and
students are strengthened by interaction with
members of the science community. DA

Evolution of the GLOB_E
Program

As the GLOBE Program has evolved, it has been
refined to keep all of the measurements and
equipment as straightforward as possible and
provide scientific methodologies suitable to the
skill levels of the students. Therefore, in the
current Teacher’s Guide, while some of the
protocols initiated in previous versions of the
Teacher’s Guide remain unchanged, some have
been improved, and some new protocols have
been added to the GLOBE science program. This
evolution is an outgrowth of the desire of GLOBE
Program management, scientists, and educators
to be responsive to the needs of the primary and
secondary education community as well as to
provide for the best environmental science.

All of the GLOBE schools are strongly encouraged
to participate in the full range of GLOBE science
measurements. Additionally, schools are strongly
encouraged to take advantage of the learning
activities which are designed to promote the
learning of science in conjunction with the
protocols.

GLOBE™ 1997 vil

Teacher's Guide Introduction
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GLOBE Science and
Inquiry Processes

The Teachers Guide facilitates the learning of
science by use of the inquiry process. The inquiry
process used by the GLOBE Program is an
approach to learning which parallels the scientific
method used by scientists. This process is
represented in the combined package of the
protocols and learning activities. The protocols
focus on data collection and data reporting. The
activities broaden from the data collection and
data reporting to include other parts of the inquiry
process such as formulation of hypotheses,
analysis of data, and drawing of conclusions.

The science process used by researchers parallels
the inquiry process used at the K-12 level. The
primary difference is the outcome for each group.
In schools, the primary ‘outcome is learning
science. At the research level,-the outcome is
generation of knowledge. The data collection and
data reporting done by the students provide data
to the research community and these data are used
in the generation of new knowledge. The scientific
research community analyzes the data, draws
conclusions and reports results which are
communicated back to the teachers and students.

In GLOBE, the science and inquiry processes
are linked via communication between
the GLOBE students and scientists. This
communication occurs when the students’ data
are reported for use in the generation of
knowledge by the science community and by the
transmission of visualizations and results of
research by the science community to the schools.
GLOBE scientists answering the questions of
teachers and students in person, through
correspondence, and over the World Wide Web
in real time are included in this communication.

Science Concepts and
Skills as Key Elements of
the GLOBE Teacher’s
Guide

To improve students’ understanding of science,
the scientist/educator teams have developed
learning activities to help students learn and apply
science content and thinking skills. The scientists
defined the key science concepts in simple terms.
GLOBE scientists and educators then designed
educational activities to help students learn the
key science concepts along with the science
protocols. Students and teachers use the learning
activities to strengthen their understanding,
explore local and global data, experience the

scientific method, and design and implement their.
own investigations. In the process, students also’

focus on issues of data quality. Since quality

science is dependent on quality data, calibration "

and quality control procedures are specified in
the protocols and are critical to the success of
GLOBE. Specific learning activities reinforce the
importance of data quality.

A major challenge in preparing the Teacher’s
Guide was making it appropriate for a broad
spectrum of grade levels. Key science concepts
and skills are represented in each protocol and
learning activity. The concepts and skills are used
in two ways. First, the concepts and skills guide
the development process. Second, the concepts
and skills help the teachers integrate the learning
activities into their local curriculum.

The GLOBE Program is always evolving and will
continue to provide science and learming activities
that take advantage of the increased experience
and enhanced skills that students have acquired
to introduce more complex science concepts,
more sophisticated insights into environmental
research, and improved science achievement. As
students achieve higher levels of scientific
understanding, they will be challenged to move
from a specific discipline to a multi-disciplinary
perspective and from a local to a global
perspective.

GLOBE™ 1997
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What Will You and Your

M
Students Do in the GLOBE
Program? R

Your students will be carrying out a series of
investigations that scientists have designed to
gather data about the Earth and how it functions
as a global system. Students will be using
instruments and their own senses to observe the
environment at multiple sites near your school.
They will record the data they gather, save it in a
permanent school data record, and send it to the
GLOBE Student Data Server (our database) using
the Internet and the World Wide Web or email
where the Web is not readily available.

n addition to carrying out these measurements
in'collaboration with GLOBE scientists, you have
the option of doing some of the learning activities
with your students, either as described here, or in
whatever form is most appropriate for your local
curriculum needs. '

Do not worry if you’re not an experienced science
teacher. The learning materials provide a range of
activities, from beginning activities to be used by
teachers of young children who might have had
little experience with science, to advanced
activities for the advanced level. Each learning
activity provides the background information
needed to do the activity.

Each of the protocols and learning activities
includes a designation of recommended grade
levels, in three categories:

Beginning - Ages 5-9 years
Intermediate - Ages 10-13 years
Advanced - Ages 14-18

However, do not feel locked in by these age level
distinctions. Many of the activities can be adapted
to lower or higher levels, based on your students’
needs and abilities.

§ Cactmen.

h‘ﬁr.f\

’\u-,'

B

Ultimately, your GLOBE classroom and the study

' sites where you make the measurements are likely’

to'be very busy places for science and learning.
Your students will observe and make
measurements, record their data, come to
understand accuracy and precision, share their
data with other students and scientists, conduct
labs, formulate questions, test hypotheses, and
develop theories to make sense of the data. They
will use a variety of scientific instruments,
calibrate those instruments, and try to understand
potential sources of error in the measurements
they take with the instruments. They will work
with real data, some that they collect and some
that they obtain from other GLOBE schools
around the world.

GLOBE™ 1997 Welcome -4 Implementation Guide
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There are six key educational elements of the
GLOBE program.

1. Selecting local study and sample sites -

Based on guidelines provided here, you
will pick local study sites for your
recurring measurements along with
sample sites which the students will
normally visit only once. For example, the
Hydrology Study Site should be a nearby
river, lake, bay, ocean, or pond. All of the
study and sample sites will be within your
15 km x 15 km GLOBE Study Site, with
your school at its center.

. Doing measurements carefully on a

regular schedule - Students should begin
with one measurement and then, over the
course of a few months, add new ‘
measurements one-by-one as they learn
how to do them. As their teacher, you
need to make sure your students
understand the measurements and do
them accurately. Most of the measurement
protocols specify a regular schedule for
taking data and some require observations
at specific times. Weather measurements,
which are daily, can be done most easily at
a sight adjacent to your school. Others,
such as the weekly hydrology measurements,
will require going to the selected study
site. Working with your students, their
parents, and your school community to
have measurements made during
weekends and school vacations is also
important in obtaining an accurate record
of your local environment for use by
scientists and your students.

. Submitting the data - All data should be

submitted to the GLOBE Student Data
Server. The most common way to submit
data is by computer and the Internet.

. Doing the learning activities - Each

investigation has a set of learning activities
that help your students learn more about
the science domains, the instruments and
procedures for the measurements, and the
ways that students and scientists can use
the data collected. We hope you will use
these learning activities, either as

described, or by adapting them to your
local needs. Your experiences in using
these learning activities or new learning
activities you develop can be shared with
other GLOBE teachers to benefit the entire
program.

. Using GLOBE systems on the Internet

to explore and communicate - GLOBE
has created some powerful (and easy to
use) computer software, which enables
you to communicate with other schools
and with the GLOBE scientists. It also lets
your students see and interact with local
and worldwide maps on which the
GLOBE data are displayed.

. Promoting student investigations -

Ultimately, our hope is that your students
will do their own investigations at local

sites, or by using the GLOBE software and .

data collected by other students
worldwide. Your students might even
make some new scientific discoveries of
their own!

GLOBE™ 1997
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Science Values and
GLOBE Measurements

There are four characteristics needed in GLOBE
measurements that will form a foundation for their
ultimate contributions to science. They are
accuracy, consistency, persistence, and coverage.
If all of us contributing to GLOBE can cooperate
to produce data sets which have all four
characteristics, our contribution to world-wide
understanding of our environment will be
enhanced.

Accuracy is the foundation of all scientific
observation. For us, care in taking the
measurements is the first step. Also, the equipment

we use and our effort to keep it in good condition .

are important. Lastly, we all need to strive for
perfection in recording data entries and reporting
them to the data archive.

Cénsistency means that the data from any GLOBE
school can be used together with the data from all
the others to produce a consistent picture of what
is happening beyond our own individual sites. The
visualizations illustrate this characteristic.
Consistency is also important over time. Students
at each school are building a climate record of their
location. To see changes and trends in our
individual environments, the data that have been
taken in the past must be directly comparable to
the data we are taking today. Faithful adherence
to the protocols and careful documentation of
changes in our methods and techniques is the best
approach to achieving this characteristic.

Persistence is required to keep interruptions in
our climate records to a minimum. Occasional
measurements are useful, but regular observations
provide more information, allowing a greater
understanding of what is happening at a
measurement site. Also, regular observations are
often easier to interpret and are used with greater
confidence, especially when unusual phenomena
are measured. The longer a consistent climate
record is, the more valuable it is. Think of the lucky
GLOBE students five years from now who will be
able to look at variations and trends in the
environment of their school!

Coverage of whole regions, countries, continents,
and as much of our planet as possible also will
enhance the value of our data sets. The differences
in the visualizations where there are many schools
versus only a few illustrate this. The properties of
our environment vary over many different spatial
scales — locally within our 15 km by 15 km
GLOBE Study Sites, regionally across our
metropolitan areas, states, or countries, and
globally. Measuring these properties on these
different scales is essential, and as the GLOBE
program grows to include more schools in more
countries, the importance of our collective
contributions will continue to grow.

Individually and collectively, all of us in GLOBE
must strive for accurate and consistent
measurements made persistently across our global
environment.

GLOBE™ 1997
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GLOBE Measurements in
Time and Space

We live on a changing planet. Moment by moment,
day to day, year after year change is all around us.
Some changes are cycles such as the day, the
variations in the tides as the moon orbits the Earth,
and the yearly change of seasons. Other changes
seem to come and go such as clouds and rain
storms. Still other, gradual change we see as growth
such as with trees or other plants or even ourselves.
Sometimes big changes happen quickly as when
a volcano erupts or a fire sweeps over the land.
Each type of change happens on its own time scale.

All of us, especially scientists, want to understand
the changes happening all around us. Why do
changes happen; how do different changes
influence each other; what will happen next? To
understand change, and in some cases predict it,
we must measure our environment, but we can't
measure everything happening in our
environment, everywhere, all the time. Instead we
try to make measurements in a way which will
give us enough data to tell what is happening.

In GLOBE, the atmospheric measurements are
designed to be made once each day while streams,
rivers, lakes, bays, the ocean, or ponds are
measured weekly, and soil characteristics in a
given place need only be measured once. Other
measurements are taken at different intervals.
Some measurements are snap shols - whal lypes
of clouds do we see right now? Some
measurements tell us what has happened over a
period of time - how much rain fell in the last
day? The time scale on which we make the
measurements allows us to analyze the different
changes in our environment.

Our environment also varies from place to place.
We live on mountains, valleys, plains, coasts. We
live in cities, suburbs, villages, and the country
side. In some places grasslands, fields or forests
surround us for as far as we can see. In other places,
a mountain may rise next to our town or there
may be forests, fields, and lakes all mixed together.
On a finer scale, in one place there is a tree or a
grass, in another a road, in another a house, and
in another a stream. Sometimes we can see that it

is raining near-by but not where we are. Clearly,
our environment varies on different distance scales.

Again, we cannot measure everything about our
environment everywhere. So we space our
observations so as to measure the variations on
their different spatial scales. In GLOBE, each
school is at the center of a GLOBE Study Site
which is a square 15 km on a side. These sites
can overlap or be shared among schools. In
GLOBE, students learn how Lo delermine the land

cover of this whole site looking at variations down
to a spatial scale of 30 meters. Within this overall
site, students at a GLOBE school make recurring
measurements at specific locations known as study
sites. Other measurements are made only once at
anumber of sample sites. As the number of GLOBE
schools increases, more of our global environment
is covered by good measurements and variations
over smaller distances can be studied.

With all the changes in our environment over time
and variations over space, our ability to understand
our environment is limited by the number of
measurements we can make. Each GLOBE school
has the opportunity to add significantly to the total
set of measurements being made around the world.
As we keep making GLOBE measurements
carefully and consistently, we are giving ourselves
and everyone else a gift of better knowledge of
our environment both locally and globally.

GLOBE™ 1997
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What Are the Domains of
GLOBE Science Research?

In the broadest sense, the entire planet Earth is
the domain of GLOBE science research. By
collecting environmental data from around the
world, scientists (and students) will have a better
understanding of Earth and its interrelated cycles
which comprise an integrated system. While
scientists already have access to much data about
Earth, GLOBE students will provide important
new data to help the scientists. One value of the
GLOBE student data is that it is worldwide,
providing measurements from thousands of
locations. Another value is that students do several
different types of measurements at the same time,
enabling scientists to study how Earth’s land, air,
water and biology systems interact. Finally,
GLOBE students contribute their own analyses
of their local study sites, becoming in a very real
sense, the world’s experts on their own study area,
which will in turn help the scientists in their
research.

Currently, there are four domains of GLOBE
scientific research. Fach is detailed in one of the
GLOBE investigations:

Atmosphere — Your students will conduct daily
measurements of cloud cover and type, air
temperature, precipitation, and its pH.

Hydrology — Your students will do weekly
measurements of water transparency, temperature,
dissolved oxygen, pH, either conductivity or
salinity, alkalinity, and nitrate-nitrogen of a body
of water near the school.

Soil — Your students will expose a soil profile,
take soil samples, and analyze them to determine
the characteristics of various soil layers. They also
will do daily to monthly measurements of soil
moisture at various depths and locations, measure
the rate at which water infiltrates the soil, and
take weekly measurements of near-surface soil
temperature.

Land Cover/Biology — Your students will monitor
change in a local land Biology Study Site and
observe other Quantitative Land Cover Sample
Sites where they will identify the dominant and
subdominant species of vegetation and take
measurements that help scientists assess the total
amount of biomass on the site. Your students will
also compare what they measure on the ground
at Qualitative as well as Quantitative Land Cover
Sample Sites with images of the same area taken
from space by the Thematic Mapper instrument
aboard the Landsat satellite.

In addition to these direct investigations, there are
two supportive investigations included in GLOBE:

GPS - The Global Positioning System (GPS) is a
new technology that enables you and your
students to determine the latitude, longitude, and
elevation, of your various sites using a small hand-
held receiver and a set of Earth-orbiting satellites.
This information is essential so that scientists and
others will always know where your
measurements were taken.

Seasons Investigation — In this investigation,
learning activities are provided that you can use
to help your students analyze the data they have
collected to investigate annual seasonal changes
in their local study sites and elsewhere in the
world. In so doing, your students develop skills
of scientific investigation and learn how the
atmosphere, hydrology, soil and land cover
measurements are interrelated.

GLOBE™ 1997
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Implementing GLOBE in
Your School

Obtaining Instruments

Each of the investigations requires use of accurate,
reliable, and calibrated instruments that meet the
specifications developed by the GLOBE scientists
to ensure consistent and accurate measurements
for use by the international environmental science
community. The instrument specifications are
contained in the Toolkit.

You have four choices:

1. Purchase all or some of the instruments.

*» Purchase individual instruments from
several suppliers.

» Purchase the instruments from one
supplier as a kit.

2. Use your own instruments.

If you already have instruments that meet
GLOBE specifications in your school, you
may use them. You must be sure, however,
that they meet the accuracy and calibration
requirements.

3. Make some of your instruments.
Following directions given in this Teacher’s
Guide and at the teacher training
workshops, you will be able to construct
some of the instruments.

4. Borrow instruments or share some of the
instruments with other schools.

You may be able to borrow instruments
that are needed infrequently from another
local school or share one instrument
among two or more GLOBE schools. In the
case of the GPS receiver, it is available on
loan from GLOBE or through your GLOBE
Country Coordinator.

Training and Implementation

Every teacher who takes responsibility for the
GLOBE measurements must have attended one
GLOBE sanctioned workshop. Teachers who have
received GLOBE training must undertake the
responsibility of making sure that the others in

their school receive correct training. If you have
attended a GLOBE workshop and are comfortable
implementing new GLOBE measurement
protocols, then you are encouraged to do so even
though your training may not have covered them.
If you are uncomfortable with the new protocols,
you can obtain assistance from the GLOBE Help
Desk or attend another GLOBE training
workshop.

Establish Learning Communities
School Learning Community

An effective, interesting, and exciting way to
implement GLOBE in your school is to involve

many teachers. If you can share the work with

colleagues, it will make it easier and more fun.
More importantly, it is helpful for you to have
colleagues with whom you can share ideas,
brainstorm, and plan. Research and experience
have shown over and over again that innovative
programs such as GLOBE have a better chance of
success if they are undertaken by a team of
mutually-supportive teachers than if tackled
alone.

One strategy for building a learning community
in your school is the development of a school
implementation plan which details a division of
labor among teachers at the school for the
implementation of the various GLOBE Lopic areas
— atmosphere, hydrology, soil, and land cover/
biology. The plan could identify the most
appropriate locations in the school curricula for
integrating each of the GLOBE areas. The plan
also could have a section on training and involving
additional colleagues. Schools with a single
GLOBE trained teacher might choose to get
additional colleagues involved in the
implementation of GLOBE at their school. This
can be done by having the initially trained GLOBE
teacher train others at the school or the other
teachers can attend any one of a number of
GLOBE workshops. The plan might also describe
how equipment and computer facilities will be
obtained and factored into the instructional plan.

GLOBE™ 1997
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A timetable for all major activities is desirable.
One strategy might be to develop a GLOBE
implementation plan as part of a classroom activity
involving students. They could come up with
ideas for addressing issues such as the placement
of the weather station, identification of classes or
subjects for inclusion, etc.

In order to provide an identity for your school
learning community and for GLOBE activities in
your school, you may want to establish a GLOBE
headquarters in some prominent location, perhaps
in the library or resource center. Here you can
display GLOBE posters, have a collection of books
about planet Earth, display student work, and
perhaps have a computer set up with an Internet
connection ready to log onto GLOBE.

In addition, you may want to place posters and
other materials in a prominent place near the
school office or entrance, identifying your school
as a participant in the GLOBE Program. Students
may create ongoing displays of the data they are
collecting. Photos of students at the study and
sample sites making measurements and maps
locating these sites will inform viewers of the scope
of your work.

The school-based plan can be extended to the
school district, thereby developing a strategy for
the implementation of GLOBE at various schools
linking activities from beginning to intermediate
and advanced levels.

Neighborhood Learning Community

Another area where you might build a leaming
community is in your neighborhood. There are
many people and organizations which may be
interested in your GLOBE activities. Some of those
people or organizations might be recruited to assist
you with a variety of activities. For example,
service clubs such as Rotary, business and industry
or other organizations, may be willing to provide
support for equipment purchases, research
activities or presentations.

Community volunteers, including parents, may
be able to help with a variety of GLOBE related
tasks or activities. It is important to cultivate an
ongoing relationship with key members of the
community. Let them know about your successes
and plans. Publicize events and invite them to

attend. If people provide money or services, then
be sure to thank them by letter and
acknowledgment in public forums. Areas where
volunteers may be able to assist include:
» provide transportation for students to and
from the study and sample sites
* help collect data on weekends or during
school vacations
* help students use the GLOBE World Wide
Web resources from home computers
 accompany the class on field trips to the
sites
* help younger students make the daily
measurements at the weather station
* help edit and publish a GLOBE newsletter
to be sent home providing updates on
what the students are doing in their
GLOBE work
* help set up a GLOBE exhibit in a public
area of the school or the community
* help prepare press releases about GLOBE
for local newspapers.

Geographically Distributed Research Learning
Community

It is also possible to establish geographically
distributed research teams which can become a
wider learning community. Schools in various
parts of a country or the world can collaborate on
research activities. These activities can compare
various data sets or explore any number of
phenomena. Some may choose to collaborate on
learning activities. In order to establish a
geographically distributed learming community, it
is important to first establish the task or function
you wish to collaborate on then decide on the
geographic scope. Communication vehicles can
include GLOBEMail or other methods such as
regular post. Your research community can be
expanded by inviting GLOBE scientists or other
researchers to participate as mentors and provide
support for your school to school investigation.
Once you have completed your investigation it is
important to think about how you might
communicate the results to others. You might
consider doing presentations at your school,
school board meeting, community forum or
submit your work in the form of a paper to a
journal.

GLOBE™ 1997
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How Is This Guide
Organized?
There are six investigations in this teacher’s guide:

Atmosphere Investigation

Hydrology Investigation

Soil Investigation

Land Cover/Biology Investigation

GPS Investigation

Seasons Investigation
All of the investigations have the same structure,
as detailed below. Each provides background
information about the subject, instructions on
how to do the measurements, and descriptions of
a set of learning activities.

As detailed on the next few pages, each
investigation has the follow{ng sections:

Welcome to the Investigation

Introduction

Protocols

Learning Activities

Appendix
Note that the Seasons Investigation does not include
any additional measurements, and so, it does not
have a Protocol section.
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@ Protocols

Daily measurements within one hour of local solar noon of:
cloud type
cloud cover
precipitation (ruinfall or snowfall)
precipitation pH
current temperature
maximum temperature within the lust 24 hours
minimum temperature within the last 24 hours

Suggested Sequence of Activities

Read Welcome to the Atmosphere Investigation.

Copy and distribute the scientist letter and interview to your students.

Read through Protocols 10 learn precisely what isto be measured und how.

Reud the brief description of the learning activitics at the beginning of the Learning
Activities section.

Do these activities with your students before beginning the protocols:
Observing, Describing, and tdentifying Clouds
Estimating Cloud Cover: A Simulation

Tnstall the instrument shelter and the rain gauge in a suitable location on the school
grounds. If possible, you should involve your students in planning the location
of the instruments. Criteria for placement of the instruments are given in Protocols.

Submit your Atmosphere Study Site definition duta to the GLOBE Student Data Server.

Make copies of the Atmosphere Duta Work Sheet (in the Appendix).

Teach studenis how to tuke the duily following the i ions in the
protocols.

Submit your data every day to the GLOBE Student Duta Server.

Do the remaining learning activities us you continue daily meusurements.

W Special Notes

Make sure you get the instruments required for the Atmosphere protocols. Infarmation on
how 10 obtuin these instruments is in the Toolkit.

Investigation at a Glance

Each investigation begins with Investigation at a Glance. This is a quick overview of the investigation.
[t summarizes the measurements your students will do. It also recommends a sequence in which you
could interweave the learning activities and the protocols. There are many differences among schools
and their approaches to GLOBE, and there are many differences among the needs and abilities of
individual students. Some schools will just implement the protocols. Others may find that students
need more background in the science domain in order to do the protocol.

The general sequence within each investigation is:

1. Students learn about the scientists and their domain of science

2. Students learn how to do the protocol, do pre-protocol learning activities, practice
measurement techniques;

3. Students begin making measurements;
4. Students learn more about the domain by studying their local data and data from other

v schools around the world and doing post-protocol learning activities.
Ry =
e =y
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S+ Scientists' Letter to Students

Dear GLOBE Students,
B We are the principal scientists on the GLOBE
' \%\\ Hydrology and Water Chemistry investigation, and we
k’:‘: »  welcome you 1o the program. You are participating in
X a scientilic program that addresses a critical gap in
our knowledge about the Earth.

Hydrology is the study of water, one of the most critical
tesources on Eanh. Water is essential 1o all life. You
and your f{eltow students in schools around the world
will collect what should be the broadest set of
measurcments on water quality compiled to date. This
GLOBE program will result in more bodies of water
being sampled at the same time than ever before. We
hope you {ind this planetary connection exciting, challcngmg:md imponant.

7 In measuring the quality of water on your study site. you will learn much about an important
’Féﬁ part of your local environment and how it changes throughout the year.
—

We are very interested in your data and are excited about using the data to answer questions
about planetary and local hydrology. So please let us hear from you. As the year progresses,
you will hear from us with suggestions about how Lo interpret your data. We hope that together
we can [ind answers 10 important water-quality questions,

Very truly yours,

pazjupbiQ s} 3pinD SpLL MOH

§
)
A
"
sjooo10id [ \ uoIPNpoLU| / \

g RIS

Drs. Roger C. Bales & Marntha H. Conklin
Professor & Associate Professor
University ol Arizona

Tucson, Arizona, US.A

GLOBE™ 1997 Wekome- 4 Hydrology

Welcome to the Investigation

The Welcome section helps you and your students get to know the scientists who are responsible for
this investigation. It includes a letter from and an interview with the scientists who serve as principal
investigators for the investigation. You should copy and distribute or in some way make the scientists’
letter and the scientists’ interview available to your students.

GLOBE™ 1997 introduction -5 Implementation Guide
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Introduction

The Big Picture

All of GLOBES science domains (soil, atmosphere,
hydrology and biology) are impacted by seasonal

2. Developing skills of investigation - Helping

students learn how to design und conduct their
own GLOBE investigations.

changes as the Earth revolves around the Sun, and . .
these  seasonal changes illustrate the .
interconnectedness among these domains. Many e
important seasonal phenomena and regional ; 3
differences can be studied based on the 83
i | and climatic p 8 E-
in the GLOBE program. Seasonal change is a 2 A
response Lo increasing or decreasing energy levels, g o
and these GLOBE measurements are windows into | % =
those changing encrgy levels. e
g e v B . ~
The Seasons chapler integrates science concepls b -
and data from the previous protocols. Your | The concept of seasons is simple enough for
students will explore annual planctary changes | students of ull ages 10 grasp, and yet it can be |
(seasons) as a focal point for this integrative | iovestigated at many levels. For K-3 students, . |
learning. This chapter has two major areas of | the goal of the Seasons chapter is to obscrve many -]
emphuasis: of the changes that occur throughout the year and i
to understand their observations and - 8
. measurements as windows into large-scale, #

complex changes. For middle and high school
students, an additional goal is to understund the -
factors that underlie the differences in seasonal
patterns around the world.

Why Are There Seasons?

Like tides washing regularly across a beach,
seusons advance and retreat ucross the fuce of the
globe und bring chunges that transform the face
of the Eanth, Whetheritis the arrival of the winter
snows, the monsoon rains or the summer heat,
our environment changes constantly, and these
profound changes occur over relatively short time
pertods. What helps make such huge, complex
chunges comprehensible is that they change in ~
predietable ways. The ancient Egyptians, Grecks
and Druids all observed that the Sun's position in
the sky changed throughout the year and were
able 1o construct calendars and predict seasonal
change bused on this observation.

£ sonpiy Fusuesy/ )

1. Learning science contenl - Helping students
learn about seasonal cycles and helping them
explore the interconnectedness among all the
Earth’s systems.

supuaiidy

GLOBE™ 1997 Introduction- 1 Seasons

Introduction

The Introduction section sets the stage for the investigation. It provides important background
information and helps you and your students appreciate the science of the investigation. It includes:

+ an introduction to the big picture that puts this investigation in perspective;

+ advice on how to prepare for the field work;

s a description of the student learning goals; and

* ideas on how you can assess student learning.
These sections give you, the teacher, background information on the investigation to help you guide
the students in their work on GLOBE.

- GLOBE™ 1997 Introduction - 6 Implementation Guide
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Protocols

Basic GPS Measurement

Protocol

To determine the latitude, longitude, and
elevation of the main entrance or fromt door of
your school and of the GLOBE Study and
Sample Sites whenever satellite reception is not
blocked by buildings or trees.

Overview

The GPS receiver will be used 1o measure the
latitude, longitude and elevation.

Time

15 minutes to 60 minutes per study site.

Key Concepts

Latitude and longitude, mapping
Skiils

Reading maps

Using the GPS receiver

Using Yatitude and longitude in mapping
Materlals and Tools

One GPS receiver

A copy of the GPS Pratacol Work Sheet

A pen or pencil
Preparation

Select the sites and bring the GPS unit and data

Level recording sheets 1o field sltes.
All
Prerequisites
Frequency None
Once
Procedure however, do not obscure the antenna’s

Euch measurement should take ubout 25
minutes (average) after arriving at the
meusurement site.

Before the Medsurement

Decide where you wish 1o perform your

measurements, Be aware that obstructions such

as tree cover may reduce the satellite signaul quality.

Durlng the Measurement

1. At least two students should take the work

sheet and a GPS receiver to your
measurement site. One student will
operate the instrument while another
records the data.

. Press the ON/OFF button once to turn on
the receiver. Rotate the antenna so that it
is vertical. After an introduction message,
the receiver displays previous latitude,
longitude, and elevation values while it
locks onto the satellite timing signals. You
may hold or set down the receiver,

~

view of the sky. See Figure GP-P-2 for a

diagram of the GPS recciver.
. Wuit for the receiver to indicute that at
least lour satellites huve been ucquired and
that u good mcasurement is available
(which meuns that the “2-D” and status
icons are removed {rom the screen). See
Figure GP-P-3 for a diagrum of the GPS
receiver status icons. Please note that the
display shown in Figure GP-P-3 is
representative of one munufaclurer's
device: others may be different.
At one minute intervals and without
moving the receiver more than one meter,
make 15 recordings on a copy of the Site
Locution Data Work Sheet of all digits and
symbols for the following displayed

w

*

values:
) Lutitudec) Time ¢) Status lcons
b) Longitude d) Elevation.

v

. Turn off the receiver.

GLOBE™ 1997

Protocols - 4

This section describes, in detail, how to conduct the measurements required for the investigation.

This includes:

* how to select the study site for the investigation;

* the instruments you need for the investigation;

* how to conduct the measurements; and

* how to submit the data to the GLOBE Student Data Server.
The precise instructions on how to conduct the measurements are called protocols. You will need to
read these protocols very carefully before you take the measurements. Later in this chapter, we offer
some advice on How to Teach a Protocol. Detailed specifications of the instruments you will need to do
the protocols are provided in the Toolkit.

GLOBE™ 1997 Introduction -7 Implementation Guide
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Leaf Glassification

Purpose
Students will {edrn 1o classify (son) a group of
objects into different groups {classes). Students
wilt earn about hi hical classi i

Key Concepts
Classification helps us organize and
understand the natural world.
A classification system is 2 set of labels and

n
systems. These fundamental concepts will help
students better understand the MUC scheme
used in the GLOBE Land Cover and Accuracy
AssessmentProtocgls,

Overview

Students will gather an assortment of leaves.
from the schodl. As 4 group, they will develop
their own -classification system lor. sorting
leaves, and will learn that there are different
ways to classify the same group of ohjects. This
activity introduces the complexity of a “simple”
task for which there aré no teuly correct
aAnSWers.

Skilis

rules used 1o sont objects.
A hicrarchical system Fas multiple levels of
inereasing detail.

Creating a classification scheme
Using the scheme 1o organize ohjects
Beginning: Seriing and grouping objects
Intermediate: Usingtabels and rules in

dlassifying abjects
Advanced: Using detailed labels and:rules
in classifying objects

Materlals and Tools

A variety-of different leaves

Time Chalk board.or large paper for
One class period classification scheme owtline.
n
Level N Pmpamllo .
Al % Collect a varicty of dillerent leaves.
¥ Prerequisites
£ Nofe
. Background GLOBE protocols altows GLOBE participunts to

Scientists classify many features of our
environment such as clouds, soil iypes, or forest
types. These classifications help us organize and
understand the natural world. A classification

; system is an orgunized scheme for grouping

. objects into similur cutegories. There ure two

Learning Activities

In the Learning Activities section of each investigation a set of activities is provided that you can use to

components Lo u classification system: labels and
rules. The labels are the titles of the different
clusses in the classification system; the rules are
the tests you apply to decide in which class to
place an object. Well-defined labels and rules
allow scientists to consistently describe and

¢ organize objects. For example, the Modified

UNESCO Clussification System used in the

consistently describe the fand cover at any point
on earth using the same lubels und rules us alt the
other GLOBE participants.

There are several key characteristics of alt good
classification systems. Fisst, the classes must be
mutually exclusive - that is, any object must have
only one appropriate class in which it can be
placed. [la classification system could place a leuf
in either of two categories, then the classes arc
not mutually exclusive. Second, the classification
system must be totally exhaustive - that is, there
must be an appropriate cluss for ull potential
objects. This is Irequently achieved by having u
catch-ull eluss such as “other™ I you huve u leat

GLOBE™ 1997

Leamning Activitles - 2

Land Cover/Blology

help students learn more about the instruments and protocols, understand the data they collect, and
use the GLOBE data to further understand the investigation’ key ideas.

At the beginning of each Learning Activity is a box with essential information, in a standard form to
help you quickly determine whether this activity is appropriate for your students, based on their ages,

L4 e

s Y

A |

interests, and ability levels. In the box at the beginning of the learning activities, Time usually refers to
the number of 50 - minute class periods recommended for this activity. Level refers to recommended
age levels in three categories: beginning (ages 5-9 years), intermediate (ages 10-13 years), and advanced
(ages 14-18 years).

.- - GLOBE™ 1997
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Appendix

The Appendix to each investigation includes Data Work Sheets that can be copied and used by
students when they collect their data. Using these sheets reinforces the protocols and helps students
remember to record all needed observations. Some of the Appendices contain extensive tables or
write-ups that students should take with them when doing the protocols. Also, copies of the Data
Entry Sheets from the GLOBE Student Data Server are provided. These sheets are the World Wide
Web pages students use to enter their GLOBE data. If your school does not have access to the Web
and you are using email or some other means to report your data, these pages will help you and your
students better understand the data entries expected by GLOBE. A glossary is provided of the special
terms used in connection with the investigation. Also, other material supportive of the investigation
is included in the Appendix. Additional items relating to one or more investigations are found in the

Soil pH Data Work Sheet

Date of Sample Collection:

Site:

pH Meusurement method (check one): paper pen meter

Horizon Number: Horizon Depth: Top cm

Bottom cm
Sample Number 1 Sample Number 2 Sampie Number 3
A, pH of waler befure A.pH ol water before A. pH of water before
adding soil: _ adding soil: adding soil:
B. pH of soil und B. pH of soil and B. pH of soil and
waler mixture: water mixture: water mixture:
Hotizon Number: Horizon Depth: Top cm

Bottom cm
Sample Number 1 Sampile Number 2 Sample Number 3

o

A. pH of water before A. pH of water before A. pH of water before
adding soil: __ adding soil: adding soil: ____
B. pH of soil and ' B. pH of soil und B. pH of soil and
waler mixture: wuler mixture: water mixture:
Horizon Number: Horizon Depth: Top cm

Bottom __ e¢m
Sample Number 1 Sampie Number 2 Sampie Number 3
A. pH of water before A. pH of water before A. pH of water belore
adding soil: _ adding soil: adding soil:
B. pH of soil und B. pH of soil and B. pH of soil and

wauter mixture:

wuter mixture:

wuter mixture:

. pazjupbip s} 3apInY SIYL MOH
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N, ) GLOBE Data Server World Wide Web Home Page

Global Learning and Observations to Benefit the Environment

at their school

GLOBE students all over the world are taking daily env
Internet.

Some features on this Web site are specially d and

le only to GLOBE teachers and students who are trained in GLOBE

and sharing their data via the

measurement procedures. However, most

areas of GLOBE study, and see the GLOBE student dnln We wslcoms vlsllou to the GLOBE Data Server!

g to learn more about GLOBE, review the sclentitic

NOAA/Forecast Systems Laboratory, Boulder,Colorado

GLOBE
Telecommunications

GLOBE uses computer telecommunications for
students to submit their data, and to help students
explore the data for their own investigations.
GLOBE telecommunications use the Internet and
the World Wide Web.

In brief, here is how it works:

Step 1: Connect your computer to the Internet -
The Internet is a network connecting computers
all over the world. From your school, you can
connect your computer to the Internet through
the phone lines or through some special wiring
that might already be in place. You may want to
have a local computer specialist help you with
this step.

Step 2: Install a browser that lets you use the
World Wide Web - With the World Wide Web,
you can use the Internet to get information from
thousands of businesses, universities, government
agencies, and individuals. Each of these
organizations has created one or more easy and
friendly starting point called home pages that let
you get information about the organization and
its products or services (most home pages are quite
visual and engaging). To use the World Wide Web
and access these home pages, you need to install

special software called a browser on your
computer. There are many different brands of
browsers, some of which are free, and all of which
accomplish the same task - letting you access the
World Wide Web. You might want to have a local
computer specialist help you select and install the
browser and get you started on the Web.

Step 3: Now you are ready to explore GLOBE
on the World Wide Web - GLOBE has a Web
home page (http://www.globe.gov) that is
designed for the general public. This GLOBE
home page is a starting point that easily leads to
the forms to submit data, information about the
scientists’ research, and some very interesting
visualizations to help your students learn and
explore.

As a GLOBE school, you will generally start at
another GLOBE home page. It will be a very
important part of your participation in GLOBE.

Below are some samples from GLOBE's Web pages.
One is a Data Entry Sheet with which you submit
data. The others are a sample visualizations or
showing maps based on student temperature data
or reference data.

GLOBE™ 1997
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Sample GLOBE Data Entry Screen

Near Surface Star Protocol

School Name

Measurement Time:

Year: - Month: Day: [ Hour: [ 'UT

Current Time: 1997 June 18, 20 UT

Study Site Location: [ 431 m south of weather station at President's house |

Is soil saturated? QO Yes ONo

Drying Method: [ Select One ]
Average Drying Time Hours: | " Minutes: |

Enter the data for your three samples at a depth between 0 and 5 cm:

Container Number: 1:[ 2] 3[

Weight of Wet Soil and Container (g): 1 2 3]
Weight of Dry Soil and Container (g): 1/ 2] 3
Weight of Empty Container (g): 1 2 3

Soil Water Content (g/g x 100): 1| 2:|_ 3:| o

Enter the data for your three samples taken at a depth of 10 cm:

Container Number: 1] 2 3[

Weight of Wet Soil and Container (9): 14 2] 3
Weight of Dry Soil and Container (g): 1 2 3]
Weight of Empty Container (g): 1| 2] 3

Soil Water Content (g/g x 100): 1:|_ - 2:|_ 3:| :
Comments:

] ]

NOAA/Forecast Systems Laboratory, Boulder,Colorado
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Sample Visualization of Student Data

Rainfall

7 Moy 1997
48°N 100°W
(6809 - 6809 km)

Q

1 2 4 8 18 11 a4 128 256 512

GLOBE Student Data
410 tokal stotions, 761 on ma;
As af 1997—07-09 14:04

Sample Visualization of Contours Based on Student Data

&

Maximum Temperoture

Q R TN EARBN cLoBE
-40 0 40 581 totol stations, 553 on mo
T 2 4 8 18 31 €4 128 258 512 Tempera'ue (Ac) ) a2 G

25 February 1897

Sample Visualization of Reference Data

Evoparation

4 July 1897

35°N 35°

Q

0 500 1000

Doto supplied
Erwviranmental Modi
Aa ot 1997—07-04 05:31 ONT
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Remote Sensing
Introduction

All of us perceive the environment with our senses.
Some senses require us to come in contact with
what we are sensing - we touch and taste. Some
senses allow us to perceive objects at a distance -
we see and hear. In this second case, we are
sensing objects or phenomena that are remote
from our eyes or ears - we are doing remote
sensing. By using the microscope, telescope,
camera and film, microphone, amplifier, and
speaker, and video camera and television we
expand our remote sensing capabilities. These
technologies allow us to see farther, to observe
finer details, and to perceive fainter signals than
our unaided senses.

Our remote sensing capabilities come in a mobile
package complete with an energy source and data
processing and storage facilities - we turn our
heads to gaze in different directions, move to get
a better view or to hear more clearly, make
decisions based on what we sense, and remember
sights and sounds. To see more of the environment
around us, we can climb a ladder, a tree, or a hill
and gain a wider view. Until the advent of hot-air
balloons in the last century, these were the only
ways for humans to get a bird’s eye view of the
Earth. With the invention of cameras in the mid-
1800s, people began to make aerial photographs
from balloons. One of the first balloon
photographs was of Boston, Massachusetts, USA,
taken in 1860 from 1200 feet above the city. A
particularly intriguing photograph was taken of
the 1906 San Francisco earthquake and fire using
an array of 17 kites moored to a boat anchored in
San Francisco Bay!

Prior to 1960, the most widely used remote
sensing systems were based on the camera,
although infrared film and radar had been
developed and used during World War I1. Space-
based remote sensing began in 1960 with the
launch of the first Television Infrared Observation
Satellite (TIROS 1). The TIROS series of satellites
initially focused on providing images of clouds
and were the predecessors of the present National
Oceanic and Atmospheric Administration
(NOAA) polar-orbiting weather satellites. The first
remote sensing satellite focused on the land
surface was the Earth Resources Technology
Satellite (ERTS 1) launched by the National
Aeronautics and Space Administration (NASA) in
July 1972. Later, this satellite was renamed
Landsat I, and became the first of a series of
Landsat satellites designed to image and map land
surface features. Today, there are dozens of
environmental satellites launched and operated
by various countries and multinational
organizations.

Initially, the costs associated with these
technologies restricted their use to large
government and private organizations. More
recently, the power of desktop computing and the
proliferation of satellites from many countries have
opened this frontier to people everywhere. Now,
small colleges and businesses, elementary and
secondary schools, land planners, environmental
groups, and even individuals make use of satellite
remote sensing technology.

Various images derived by remote sensing
techniques appear throughout this guide. Some
look like photographs — indeed some are
photographs. The Blue Marble, perhaps the most
famous image of the Earth from space, is a
photograph taken by Apollo 17 astronauts on their
journey to the Moon in December 1972. See
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Figure IMP-1-1. Other images may look to you
like abstract paintings. Today, most remote
sensing images are not photographs; they are
digital images sensed on solid-state detectors and
converted to numbers which are transmitted,
stored, and displayed by computers. The remote
sensing instruments on Landsat produce this type
of digital image. Wherever possible, each GLOBE
school is provided with an image of its GLOBE
Study Site taken from a Landsat satellite by an
instrument named Thematic Mapper (TM).
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Figure IMP-I-1: The Blue Marble—Photograph taken from Apollo 17, December 1972

Source: NASA
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What Properties of a GLOBE Study Site
Does the Thematic Mapper Measure?

The TM’ sensors record visible and infrared (IR)
sunlight that is reflected from the Earth outward
into space. Thematic Mapper also includes
sensors that detect IR radiation or light that is
emitted by the Earth, but this part of TM’s
capabilities are not used in GLOBE.

Visible light is electromagnetic radiation or light
waves that can be detected by our principle remote
sensing capability, the human eye. It is said that
the human eye provides us with about 90% of
the information we receive about our
environment. Visible light, however, is only a
small part of a very large continuum of light

waves. See Figure IMP-1-2. This radiation forms.

a continuous spectrum in which the differing
waves are characterized by their wavelengths.

Figure IMP-I-2: Wavelengths of Electromagnetic Radlation

Wavelengths are commonly measured in one of
two units, the micron (micrometer, um), where 1
pm = 1 x 10 m (0.000001 m), or the nanometer
(nm) where 1 nm = 1 x 10 m (0.000000001 m).
The shortest wavelengths are associated with
gamma rays, whose wavelengths are about 10°
um, while at the long end of the scale, radio and
TV waves have wavelengths of 10*® pm (=100
meters). Visible light lies close to the middle of
this spectrum with violet light being the shortest
wavelength, and red light the longest. Measured
in nanometers, the wavelengths of visible light
range from 400 nm for violet to 700 nm for red.

On either side of the wavelength band of visible
radiation are other wavelengths of value in remote
sensing. At wavelengths just longer than visible
light are the three bands of infrared light-near,
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Source: GLOBE

Wavelengths of visible light:

Blue visible light:

4.5 x 107 meters

Green visible light: 5.5 x 1077 meters

Red visible light:

6.5 x 1077 meters

The labeled wavelengths In the electromagnetic spectrum dlagram are the center of a range (or band) of wavelengths for that type of
wave. The types of waves are not clearly separated. Think about a rainbow with Its bands of red, orange, yellow, green, blue, and
violet light. The colors of the visible light waves blend Into one another. For our purposes, we will use the labeled wavelength {center

of the range) in the diagram.

middle, and thermal. The image of the GLOBE ;-
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( ) Figure IMP-I-3: Wavelength
v . Wavelength altitude of Landsat, the specific place reflecting
|——»| light into an individual detector is 30 m by 30 m
on the Farth’s surface. Because of this, TM is
o W\/\/ described as having a spatial resolution of 30 m.
‘ Objects on the surface which are smaller than
30 m will be averaged together with their

surroundings in the intensities measured and

When you think of wavelengths of radiation you can think of cannot be directly seen in a TM image.
ocean waves. Wavelengths are measured from the crest of one
wave to the crest of the next. Think of waves you have seen on N
lakes or the ocean. How far apart were the crests of those Satellite Im ag es

waves? A picture of a large area of the Earth’s surface
can be produced by assembling the intensities
measured for many adjacent 30 m by 30 m areas.
Study Site is provided in TM’s three visible bands | 1f you look at a computer or television screen or
(blue, green, and red), one near IR band, and one | at a pictures in a newspaper or comic book
of its two middle IR bands. These visible and | through a magnifying glass you will see small
- infrared data aré used to assess extent and the | individual dots of color. Our eyes normally see
health of crops, forests, and other forms of | this array of dots as a continuous image. Each of -
vegetative cover. the dots is a picture element or pixel. To produce
a digital image using TM data, a computer uses
each intensity value to determine the brightness
of one pixel on its screen. When fully displayed,
each pixel in an image on the computer screen
corresponds to a particular location on the Earth.
This concept can be observed in the blockiness
that is apparent when one blows up or zooms in
to view a digital image more closely. See Figure
IMP-1-5.

Wavelength is defined as the distance between two successive
crests (or troughs) in a wave, as shown above.

In each band, the TM measures the intensity of
light reaching its detector from a specific place
on the Earth and records this intensity as a number
ranging from 0 to 255. In the binary or base 2
system of counting, it takes eight digits or places
to count up to 255 and since each binary digit is
referred to as a bit, TM is said to provide eight-bit
data. The detectors and optics of TM were
constructed so that from the 705 km orbital

Figure iMP-I-4: Gridded Landscape

WN

NN
N

4%

FRTRNT

L4 0
""Q' s *  This represents how d satellite views the earth’s land cover as a group of equal size units placed on a landscape. Each unitIs called a
st é A = - pixel. Source: Jan Smollk 1996 TEREZA Assoclation for Environmental Education, Czech Republic
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Figure IMP-I-5: AVHRR Image

15 pixels x 15 pixels

Séurce: NASA

A false color Infrared Image of New England from the Advanced Very High
Resolution Radlometer (AVHRR) sensor aboard a NOAA polar orbiting satellite.
Each pixel In this scene Is approximately 1.1 km on a side. The enlarged section
shows a 15 pixel by 15 pixel area which Is roughly the size as a GLOBE Study
Site and which Includes roughly the same section of Portsmouth, N.H,, as
Figures IMP-I-6 through IMP-I-9. The brightest pixels In this enlarged section
represent the runway and apron area used to park alrcraft and service vehicles
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Landsat Multispectral Scanner — 80m pixel andsat Thematic Mapper -~ 30m pixel -
Figure IMP-1-6 Figure IMP-1I-7
This Landsat Thematic Mapper Image shows the same area as The Landsat Thematic Mapper image of the same area as Figures
Figure IMP-I-4 with the 80 m resolution Multispectral Scanner IMP-I-4 and IMP-I-5 with 30 m. In this view, main roads are visible.
fiown aboard the first five Landsat sateliltes. In this view, the These data have a high enough resolution to see features as smail
parking area Is seen, but few other ground detalis are visible. as a house. They are preferred for many types of ecological and
environmental studles as they have both high spatial and spectral

resolution,

<

SPOT Multispectral Scanner - 20m pixel SPOT Panchromatic Band

Figure IMP-I-8 Figure IMP-I-9

Pease, N.H. at the 20 m resolution of the French SPOT satelilte’s Pease, N.H. at the 10 m resolution of the French SPOT satellite’s
Multispectral Scanner, In this view, secondary roads and Panchromatic Imager.

structures can be seen.

Source: Used with permission of the Earth Day Forest Watch Program, Unlversity of New Hampshire, Dr. Barry Rock and Mr. Gary Lauten
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Figure IMP-1-10: Land-water area of Canberra, Australig,
viewed in the near-infrared band only. Note that the water
appears black. Source: EROS Data Center

Figures IMP-1-6 through IMP-1-9 show several
satellite views of approximately the same area, the
Pease International Tradeport in Portsmouth, New
Hampshire, USA at several different spatial
resolutions to demonstrate the effect of pixel size
on image quality.

As the size of a pixel decreases, the amount of
information needed to make an image of the same
size area on the ground increases. Limitations in
computer storage can make it impractical to use
high resolution data when studying very large
areas. The purpose of an investigation must
therefore be considered when deciding which
satellite or other remote sensor(s) to use. For
GLOBE the 30 m by 30 m pixel size of Landsat is
most appropriate. With this pixel size, the 15 km
by 15 km area of a GLOBE Study Site can be
covered by an image of 512 pixels by 512 pixels.
Storing each TM band of such an image requires
256k bytes of memory and five bands fit nicely
on a single floppy disk.

Our eyes can see in color as well as in black and
white. 1f only one band of TM data is used to
construct an image, it can be fully represented
using 256 different shades of gray which our eye
perceives as amounts of brightness. See Figures
IMP-1-9 and IMP-I-10. The full range of colors
we see can be produced by combining light of
three different colors, for instance red, green, and
blue on a computer screen or yellow, red, and
blue when mixing paints. See Figure IMP-I-11.
On the computer screen or on a printed image,
each pixel is produced by a combination of red,
green, and blue. This allows us to view images of
three different bands of TM data simultaneously.
If we let the intensity of the red band of TM
determine the amount of red in the corresponding
pixel, the green band determine the amount of
green, and the blue band the amount Ao.f blue, the
resulting image will closely resemble what our eye
would see looking down at the Earth’s surface and
is referred to as a visible image. Alternatively, the
red portion of each pixel can be determined by
the intensity of near IR light detected by TM, the
green determined by the intensity of red light, and
the blue determined by the intensity of green light
to produce a false color infrared image roughly
corresponding to IR sensitive camera film. Figure
IMP-1-12 shows such an image of aland and water
area in Prague, the Czech Republic. Other band
combinations are also possible, but in each case
we are limited by the capability of our eyes to
seeing at most three bands of TM in a single image.
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Spectral Patterns

Let’s consider what the different colors mean.
When white sunlight (comprised of all colors) is
incident on an object, some of the colors are
absorbed and others are reflected. For example,
an object that appears red is reflecting red light
while absorbing all other colors. See Figure IMP-
[-13. If all incident light is reflected, the object
appears white, whereas if all the light is absorbed,
the object appears black.

The key to interpreting multispectral data is
understanding the reflectance properties of
different surfaces or objects viewed by the sensor.
The tendency of an object to reflect or absorb solar
radiation at different wavelengths gives rise to its
spectral pattern. See Figure IMP-1-11. Just as a
person can be identified by his or her picture,
spectral and spatial patterns can be combined to
identify a remotely sensed object or surface
feature. We can predict the spectral patterns of
objects within the range of visible light, since this
is the spectral region that we see. For example,
we would predict the ocean to have a higher
reflectance in blue spectral bands and the ocean
appears blue in a visible image because most of
the light entering the ocean is absorbed, while
only the blue light is reflected. We would expect
vegetation to have high reflectance in green
because leaves are green, and so forth.

Figure IMP-I-11: Reflectance of Some Targets

TM is not limited to detecting only in the visible
range. Scientists have learned to interpret
reflectance patterns outside the visible spectral
region, and, in many instances, it is this invisible
information that accounts for the power of
multispectral imagery. Near infrared (NIR)
radiation is almost completely absorbed by water,
whereas land and particularly vegetation have
high reflectance in the NIR region. Thus, the NIR
bands are useful in differentiating land and water.
In addition, the NIR bands are useful in locating
and identifying different species of vegetation, and
in determining whether or not particular plants
healthy or diseased. Middle infrared (MIR) bands
are sensitive to moisture content and, therefore,
they are also useful in vegetation studies.

Satellite Orbits and Instruments and
the Timing and Frequency of
Observation

Another important aspect of satellite remote
sensing is the frequency of coverage, that is, how
often the satellite passes over a location on the
Earth’s surface. This is determined by the orbit in
which the satellite is placed and the width of the
area it images on the Earth’s surface. The higher
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Flgure IMP- I- 12; False Color Composrte Image of Prague

RS ) - "L
A false color composite lmage of part of the clty of Prague in the Czech Republlc Water appears black, developed areas of
white to gray, and vegetated areas red. Source: EROS Data Center

Figure IMP-I-13: Visual Primary Additive and Secondary Subtractive Colors
White Light

Primary Additive Colors Q % Primary Subtractive Colors

. I &] Magenta
|

@ Yellow
Cyan

Red

reflected

absorbed

Additive Primary and Secondary colors are produced when objects absorb and reflect different combinations of the colors found In

white light. Source: GLOBE
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the orbital altitude, the longer the time required
for the satellite to orbit the Earth. As a general
rule, the smaller the size of the pixels in a remote
sensing instrument, the narrower its field of view.
The orbit of Landsat and the width of the TM
image area were chosen to provide coverage of
every place on the Earth’s surface at least once
every 16 days (except for small regions
surrounding the poles which are never imaged).

The orbit was also chosen so that Landsat always
passes overhead at the same local time each day.
At the equator this time is about 9:45 am. Such
orbits are called sun-synchronous. Sun angles,
shadows and other such effects visible in TM
images remain similar or vary slowly in predictable
ways.

As the Earth progresses through the seasons, the
reflectivity of the land surface changes principally
due to changes in vegetation and the distribution
of snow cover and sea ice. The changes in
vegetation occur slowly as a result of seasonal
changes in deciduous plants and the amount of
moisture available to plants resulting from seasonal
precipitation patterns.

Implications for the Planet

Although the science of remote sensing has
evolved steadily since the first Earth observing
satellites, the challenges of interpreting remote
sensing data remain large. Satellite images are far
more complex than simple photographs. An image
based on multispectral data involves
measurements of reflected or emitted radiation in
several bands. Because human experience is
limited to visible sunlight, we have no intuitive
knowledge of how features on Earth respond to
other forms of electromagnetic radiation. We must
rely on experiments, often involving ground-based
measurements and airborne instruments, to learn
how various features will reflect or emit radiation
in different regions of the spectrum.

- With satellite images, the possibility of monitoring

and analyzing critical environments anywhere in
the world is greatly expanded. Ecologists can
study natural and human-induced changes in land
use patterns and the global distribution of major
biomes. Atmospheric chemists can relate these
changes to increases in greenhouse gases, and
oceanographers can study physical, chemical, and
biological processes at the atmosphere-ocean
interface (i.e. the sea surface). Students, too, can
gain valuable insights into the nature of their own
environment and share these with students from
around the world.

Winston Churchill is credited with having said
that the farther away from something one gets,
the farther into the future one sees. With remote
sensing images, students worldwide can step back
into space, and view their home as a whole - a
self-contained life-support system powered by the
sun. How fast can it, has it, and will it adapt to
changes of various sizes, and what are the
consequence for our communities? By viewing the
Earth with satellite images and developing an
understanding of them, all of us are gaining an
appreciation of our connection to ecosystems both
local and global.
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Selecting Your GLOBE
Study Sites

Initial Considerations

The selection of the local study and sample sites
can be an opportunity to begin an inventory of
the area around the school, and to discuss criteria
for measurement sites. What is a good place to
measure water temperature, and why? What do
you have to consider when planning where to dig
a soil profile? Where can you get representative
samples of soil moisture, and what might influence
the choice of sampling strategy? How can my
Landsat imagery help me with these decisions?
These are only a few of the multiple questions that
can serve as catalysts for learning.

For each measurement site within your QLOBE
Study Site there will be hard choices to make
because no one will have a perfect set of locations.
This is an opportunity to work on solving
problems with your students in order to come up
with the best arrangement for your class, your
school, and your schedule. We suggest you try to
come up with several candidates for site selection
and have your students be active participants in
the selection process.

GLOBE Study Site

Your GLOBE Study Site is the 15 km by 15 km
area centered on your school. All of the smaller
study sites are located within this large GLOBE
Study Site. GLOBE working with the Country
Coordinators will provide a Landsat Thematic
Mapper (TM) scene of this area. From an
instructional standpoint, the goal of these sites is
to give your students a feel for the physical
resolution of satellite images as well as providing
a suitable and convenient area upon which to focus
student measurement activities.

Within your 15 km x 15 km GLOBE Study Site,
you will select several specific study sites,
corresponding to the individual protocols:
Atmosphere, Hydrology, Soil Moisture, and Land
Cover/Biology as detailed below. Once established,
these study sites are locations to which students
will return again and again to take measurements.
The Land Cover and Soil Characterization

protocols involve measurements which are done
only once at specific locations which are referred
to as sample sites.

Using the GPS Receiver to Determine
the Location of Your School and Sites

The GLOBE Program owns GPS receivers which
are maintained by the University Navstar
Consortium (UNAVCO). To borrow a GPS
receiver, U.S. schools should direct their requests
to UNAVCO. Country coordinators may request
to borrow GPS receivers from UNAVCO for use
by their GLOBE schools. For more details, refer
to the GPS Investigation.

Atmosphere Study Site

In the Atmosphere Study Site, your students will
measure temperature, precipitation, cloud type,

“and cloud amount. Since these are. daily

measurements, your Atmosphere Study Site
should be located on or near your school grounds,
so that students will have easy daily access to the
instruments. However, there are some special
siting considerations as detailed below.

1. Measurements of cloud amount and cloud
type require an unobstructed view of the
sky. The middle of a sports field or
parking lot is an excellent location.

2. For measurements of precipitation, the
rain gauge (and snowboard) must be in
an open area with a natural (e.g. grassy)
surface. Do not place the rain gauge close
to buildings, trees or high bushes, which
can affect the amount of rain that collects
in the rain gauge. An open field, a
playground, or the side of a sports field
would be good locations for the rain
gauge. The snowboard should also be
placed in an open area, away from
buildings, with special care to select a
place where snow shoveling will not pile
snow onto or clear snow from the board.

3. For measurements of temperature, you
need to put the thermometer in a small
standardized, protective shelter. This
shelter, painted white, with slats on the
sides to let air circulate, is mounted on a
post. The shelter has a door, enabling
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students to look in to read the

temperatures. As with the rain gauge, the

instrument shelter should be in an open

area with a natural (e.g. grassy) surface,

away from buildings, trees or high bushes.
If possible, place the rain gauge within 100 meters
of the Soil Moisture Study Site (see below), as the
rain data will help students and scientists better
understand the soil moisture data. Also, closeness
will facilitate students taking weekly soil
temperature measurerments at the same time that
they collect atmosphere data.

Some schools cannot meet all these criteria for
locating their Atmosphere Study Site. GLOBE
encourages such schools to describe carefully alt
the ways in which their site differs from the criteria
given in this guide and to report this information
on the Atmosphere Study Site Définition Data
Entry Sheet. For more details, refer to the
Atmosphere Investigation.

Hydrology Study Site

Water characteristics will be measured in your
GLOBE Study Site, at a body of water, such as a
lake, river or stream. There are two steps to
selecting your Hydrology Study Site. First, you
need to determine which bodies of water (streams,
rivers, lakes, bays, the ocean, ponds, and
reservoirs) are in your GLOBE Study Site. You
can determine this from local maps or from the
Landsat image of your GLOBE Study Site. Second,
you nced to select one that is most appropriate
for the Hydrology Investigation.

Ideally, the Hydrology Study Site should be within
the major watershed of the 15 km by 15 km
GLOBE Study Site, and connected to water
systems that flow into larger river or estuary
systemns. This means that if your site includes more
than one watershed, you have to figure out which
one is most important. Within this watershed,
select a specific site where the hydrology
measurements (water temperature, dissolved
oxygen, nitrate, pH, alkalinity, turbidity, and either
conductivity or salinity) will be taken.

If the selected study site is amoving body of water
(i.e. stream or river), locate your sampling site at
a riffle area as opposed to still water or rapids.

This will provide a more representative
measurement of the water in the stream or river.

If the selected study site is a still body of water
(i.e. alake or reservoir), find a sampling site near
the outlet area or along the middle of the water
body. Avoid inlet areas. A bridge or a pier are good
choices. If your water body is brackish or salty,
you will need to know the times of high and low
tide at a location as close as possible to your study
site.

Hydrology measurements should be taken weekly,
and therefore it is important that your study site
be easily accessible to students on a routine basis.
A site which is ideal from a science perspective
but where transportation problems prevent

students- from taking measurements regularly is -
not as good as an acceptable site whose location

is conducive to routine observations.

-1

Soil Study and Sample Sites

For the Soil Investigation, there are two types of
sites: Soil Characterization Sample Sites and a Soil
Moisture Study Site.

At Soil Characterization Sample Sites, holes will
be dug to expose the soil profile and permit the
collection of soil samples and the examination of

* the various soil layers or horizons. One site should

be located within the Biology Study Site in order
to link the soil type with land cover characteristics.
A second site should be located as close as possible
to the Soil Moisture Study Site. In this way, the
soil properties needed to interpret soil moisture
measurements can be determined.

At Soil Moisture Study Sites, either of two soil
moisture measurement techniques may be
employed. The first uses a technique called
gravimetric sampling and simply involves collecting
soil samples and drying them to determine their
moisture content. Samples are collected 12 times
during a year, and the timing and pattern of
collection are chosen by you and your students
from a set of options described in the Soil
Investigation. The second, which is optional and
only recommended for advanced students in areas
where the soil is not acidic, involves burying
gypsum block moisture sensors at four specified
depths in the soil and collecting readings from
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Figure IMP-I-14: The Relations of GLOBE Study Sites
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the sensors on a daily basis. Wires extend from
the buried blocks to the surface, and to take a
reading, you connect a meter to each pair of wires
in turn.

The time it takes water to infiltrate the soil and
the near-surface soil temperature are measured at
the Soil Moisture Study Site. The timing and
sampling pattern for these observations along with
the details on all soil measurements are described
in the Soil Investigation.

To enable correlation of the atmosphere data with
the soil moisture and temperature data, a Soil
Moisture Study Site must be located within 100
m of the rain gauge in the Atmosphere Study Site.
This results in there being a single Atmosphere
and Soil Moisture Study Site as shown in Figure
IMP-1-14. Throughout the rest of the guide the
two sites-are referred to individually. If this
collocation is not possible, a second rain gauge
can be pléced at the Soil Moisture Study Site and
monitored during the period in which Soil
Moisture measurements are being collected to
provide the needed data on moisture input to the
soil. These precipitation data can be reported to
GLOBE by defining a second Atmosphere Study
Site at which only the precipitation data are
collected and reported. Soil temperature data can
be collected at the Atmosphere Study Site
throughout the year and at the Soil Moisture Study
Site during the period in which soil moisture
measurements are being collected to provide data
for correlation with both soil moisture and
atmospheric temperature.

Land Cover/Biology Study and Sample
Sites

In the Land Cover/Biology Investigation students
monitor the changes in vegetation at a Biology
Study Site and characterize the land cover of the
GLOBE Study Site by making observations at a
number of Land Cover Sample Sites. The data
from these sample sites are compared with the
Landsat data and images of your 15 km by 15 km
GLOBE Study Site to determine the accuracy of
the satellite observations. This accuracy
assessment is done by scientists and can be done
by your students as well.

Land Cover Sample Sites, which are used to
document land cover characteristics, are 90 m by
90 m in size. The site must be in an area
with similar (homogeneous) cover. These
characteristics are needed to enable verification
of satellite data. There are two types of land cover
sites. In areas of forest, woodland, and grassland,
extensive measurements can be made of the
vegetation; if these data are collected, these sites
are Quantitative Land Cover Sample Sites. If these
vegetation measurements are not made at the
forest, woodland, or grassland sites, then they are
Qualitative Land Cover Sample Sites. In other
areas, the type of cover is determined only by
observation because currently there are no
extensive GLOBE vegetation measurement

protocols for these cover types. These sites are” -

also Qualitative Land Cover Sample Sites. -

As you have time (perhaps over several yearé) your (

students should observe at least one Land Cover
Sample Site for each major type of land cover
found within your GLOBE Study Site. In GLOBE,
land cover is classified using the Modified
UNESCO Classification (MUC) found in the Land
Cover/Biology Investigation.

Your Biology. Study Site is a 30 m by 30 m area of
natural vegetation. All new Biology Quantitative
Study Sites must be located within one of the Land
Cover Sample Sites. Biometry measurements are
made once or twice each year — in the growing
season and in the adverse season if there is one,
and so access to the site is less of an issue than for
sites of more frequent measurements. Students can
practice biometry observations at a location
adjacent to the school.

For further information on setting up these Land
Coverand Biology Sites, see the Land Cover/Biology
Investigation
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How to Teach a Protocol

When you teach your students a new protocol,
we recommend that you use the following steps.
This procedure, with minor modifications, can be
used to teach students nearly all of the GLOBE
protocols.

Good education = good data = good science. If
you do a good job teaching the protocol, then
your students will submit good data. If they
submit good data, then you can extend the
learning opportunities by having your students
analyze their own data and data from other
schools. This in turn helps them better understand
the science domain and get even better at their

measurements.

.In this overview we use water temperature as the

example to help you understand this process.

Phase 1 - Getting Ready

Students read the Letter from the Scientist -
At the beginning of each investigation is a personal
letter from the GLOBE scientists who are leading
the investigations. Copy the letter and distribute
it to your students. When they read this letter,
your students start to make a personal connection
with the scientist(s). If you cannot copy the letter,
make it available to your students in some other
way.

Example - Martha Conklin and Roger Bales are
the scientists for the Hydrology Investigation.
Together, they wrote the letter to the students.

L&

Investigation.

Students practice measuring canopy cover for the Emd Cover/Blology

Students read the Interview with the
Scientist(s) - Immediately following the letter
from the scientist(s), is an interview in which the
scientist(s) talk about their background, their
work as scientist(s), and why they need your data.
Also, the interview contains interesting anecdotes
to further personalize the scientists.

Example - In their interview, Martha Conklin and
Roger Bales discuss how they first became
interested in science, the nature of their work as
hydrologists, and what they will investigate using
the GLOBE student data.

What are you measuring? - Through use of
GLOBE learning activities, discussions, or field
trips, you need to make sure your students
understand -the .basic concepts included in the
protocols they are performing. In reality, your
students may not really understand the concept
until they are fully engaged with the measurement
process. However, at this stage they at least need
to have an introduction to the concepts.

Example - Water temperature varies from one
location to anotherand at different times of the year.

Phase 2 - Selecting the Study Site

Understand the guidelines for selecting the
study or sample site for this measurement -
Every protocol includes some carefully prepared
guidelines on the selection of the study or sample
site for each measurement. Review these with your
students. In this Implementation Guide there is a
comprehensive overview of the criteria for all
study and sample sites to help you in this process.

o)
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Example - The Hydrology Study Site should be a
stream, river, lake, reservoir, bay, ocean, or pond
within your 15 km x 15 km GLOBE Study Site.

Select the study or sample site. Based on maps
of your region, the Landsat image, personal
familiarity with the region and/or a field trip with
your students, select the study or sample site.
Review the criteria to be sure that the site matches
the criteria. Convenience to your school is
generally helpful in selecting study sites which
should remain the same from year to year.

Example - You and your students select the
Meadowbrook stream, which is in the woods a
short walk from your school.

Visit the study site. If possible, take your students
on a field trip to observe the study site and think
about its characteristics and environment.

Example - Meadowbrook stream is a shallow
stream about 5 m wide surrounded by trees and

flowing down from Mountainview Hill.

Phase lll - Learning and Practicing the
Protocol

Introduce the instrument. Most protocols use
some type of special instrument(s) to do the
measurement. Show the instrument(s) to the
students. Explain as well as possible how it works.
Your students may not fully understand how it
works until they have experience using it.

Example - A thermometer is used to measure
temperature.

Demonstrate the protocol. Following the
procedures detailed in the protocol, demonstrate
the steps of the protocol. In most cases, you can
do this demonstration in the classroom. Write
the steps of the protocol on the board or on a
sheet of poster paper for students to follow along.

Example - To demonstrate the water temperature
protocol, use tap water in the classroom rather
than water from the stream. In other respects
follow the water temperature protocol as described.

Students practice the protocol. Individually or
in teams, students practice the same steps that
you demonstrated. Watch them closely and help
them perfect their technique. Have students share

among themselves any insights they’ve gained on
how to do the protocol correctly.

Example - Have your students work in teams in
the classroom to measure tap water temperature,
each team using its own thermometer.

Record and discuss the practice data. As your
students practice the protocol, have them record
their measurements. Review these measurements
with your students and discuss the range of results.
If there are any abnormal measurements, discuss
why these might have occurred. This introduces
the concept of data quality, which is essential for
the entire GLOBE program. Help the students
improve their technique to resolve any problems.
Continue taking measurements until they are all
sufficiently consistent. AR

Example - One student consistently had warmer
temperature readings until his classmates noticed
that he held his hands around the glass of water,
which artificially warmed the water. - .

Phase IV - Doing the Real Thing

Get all your materials ready and go to the study
site. Have your students gather the instruments,
the data recording sheet, pens or pencils, and any
other materials that are needed to do the
measurement. Go to the study site with your class,
taking the materials along.

Example - Take a bucket, rope, thermometer,
pencils and data sheets on a clipboard to
Meadowbrook stream.

Demonstrate the full protocol at the study site.
Your students have practiced most of the protocol
in the classroom, but there may be new elements
for them to learn, now that they are at the actual
study site. Demonstrate the full protocol and make
sure your students understand it.

Example - The new element for water temperature
is the use of a bucket to collect the real water sample
from Meadowbrook Stream, rather than using
classroom tap water.

Students do the real protocol at the study or
sample site. Have your students do the protocol
step by step. Watch closely to make sure that they
are doing everything correctly. You may want to
let them make mistakes and then correct them and
learn from their mistakes as part of this process.
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Example - For a fast-moving stream, students
need to throw the bucket into a well-mixed area
of the stream. If they do not hold onto the rope,
which is tied to the bucket, the bucket will either
sink or flow downstream.

Check the data for reasonableness. After your
students have completed the protocol and
recorded the measurement on the data work sheet,
have them think about the data. s it a reasonable
value? If not, try to figure out why not and correct
the problem.

Example - On route to the study site, the
thermometer may have broken, causing it to show
the same temperature, all the time.

Submit the data. Return to the classroom or
laboratory. Use the GLOBE _\N_eB pages to submit
the data to the GLOBE Student Data Server. After
entering the data on screen, but before actually
submitting the data entry sheet, have your
studerits check the values to make sure that their
entries are correct. If you are at a school outside
the U.S. and do not have access to the World Wide
Web, check with your Country Coordinator about
the data entry process that you should use.

Example - The temperature of Meadowbrook
Stream on this day was 16° C. The location of the
Meadowbrook stream study site and the measured
temperature value of 16° C were entered and sent
to the GLOBE database.

Phase V - Submitting and Using the
Data on an Ongoing Basis

Do the protocol on the prescribed schedule
throughout the year. Many of the protocols
specify daily or weekly measurements. Refer to
the guidelines for details. Your students should
repeat the procedure on this schedule. You can
either have the whole class participate or assign
the task to individuals or a team of students. They
should conduct the measurements, record their
observations, review the data for accuracy, and
submit the data to the GLOBE database. Each
GLOBE school should maintain a local record of
its students observations and save this record
indefinitely. This is a part of good science practice
wherever measurements are made.

Example - Water temperature should be measured
once every month.

Data quality requires ongoing attention. The
work of the scientists requires that GLOBE student
data be of consistently high quality. Emphasize
this point to your students and make sure that
they carefully and consistently follow the protocols
and that they always review their data for
reasonableness. To help them improve their
accuracy, you can do some learning exercises, such
as trying to create wrong measurements (which
you do not submit!) and graphing their local data
over time to look for spikes indicating unusual
values which often indicate bad measurements.
There are specific learning activities in several
investigations that are built on exercises of this type.

Example - Have students warm the water in the
bucket with their hands, by blowing on it, and by
leaving it in the sun for an extended period of
time. Have them take temperature measurements
every minute to monitor this artificial warming.

Students use the data for their own
investigations. The measurements that your
students do are extremely valuable, not only for
the scientists but also for your students to explore.
They can learn important science concepts and
develop skills of scientific investigation by
examining their local data and data from other
schools all over the world. The GLOBE software
has very powerful tools to support accessing
student data, analyzing it, and exploring
visualizations of patterns in the data worldwide.
Your students’ investigations, in turn, help your
students better understand the protocols and
appreciate the essential role that they have in the
GLOBE science and education program. There are
GLOBE learning activities designed to provide a
framework for getting started with investigations
by exploring and comparing data sets provided
by schools worldwide.

Example - Your students can compare their local
water temperature measurements with
measurements from other schools in the same
geographical region to learn about regional water
temperature variations. They share their findings
with students in other GLOBE schools and with
GLOBE scientists.
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How To Make GLOBE a
Meaningful Scientific
Project for Your Students

GLOBE can be a terrific scientific experience for
your students. Through participating in a genuine
global research project, in which the investigations
have been designed by scientists, they experience
firsthand the excitement, the rigor, and the
challenges of real science. Your students are direct
participants in real scientific research. They
contribute data which are used by scientists to
generate new knowledge about the Earth.
Through the GLOBE learning activities students
can conduct their own investigations of the
environment. Here are some things you cando to
help make GLOBE an exciting scientific
experience for your students.

Stress That the Scientists Need Your
Data

The GLOBE program is unique in the degree to
which scientists will actually use the data collected
by students. It s, in this sense, a bold experiment.
Through the design of rigorous protocols and
through thorough training of teachers, the GLOBE
program has tried to increase the probability that
the data collected are of high quality. In the end,
however, GLOBE is entirely dependent on how
well you and your students carry out your data
collection and follow the protocols.

We believe that students will be motivated to put
out the effort to obtain quality data only if they
understand the science behind the protocols,
understand the importance of their data to the
scientific enterprise, and support the overall
research purpose. Quality data depends on quality
education. The learning activities in the
investigations help students obtain this quality
education. Through these activities the students
will learn science and mathematics concepts and
skills as well as science processes. Also, they will
gain understanding of the importance of precision,
accuracy, and consistency in doing the protocols
and of how scientists do research. Students will
learn how they can pursue their own scientific
investigations.

Personalize the GLOBE Scientists for
Your Students

In each module we have provided photographs
of the scientists who designed the investigation,
an interview with the scientists, and a personal
letter from them to your students. Use these
materials to introduce the scientists to your
students on a personal level.

On the GLOBE Web site you will find a section
called the Scientists Corner. Have your students
visit this page to view on-line photographs of the
scientists and to read reports from the scientists
about their work with the GLOBE program and
other interesting topics.

Encourage Students to Contact Other
GLOBE Schools

One of the exciting things about the GLOBE
program is the opportunity it provides your
students to meet, communicate with, and work
with students in other schools around the world.
Using GLOBEMail, your students can exchange
messages with any school participating in GLOBE.
For example, your students might ask students
elsewhere to join them in carrying out a
cooperative data-collection activity, enter into a
collaborative research project, or exchange
information about their lives and communities.

Through the GLOBE Student Data Server, your
students can retrieve the data that any school has
submitted. In the GLOBE Stars section of the
GLOBE Web site, they can view schools that have
been selected for special mention because of their
participation in GLOBE. As the GLOBE Stars
change frequently, your students should check
this section regularly.

Use GLOBE Telecommunications

Your electronic link with GLOBE is through the
World Wide Web. Through the GLOBE Web site,
you can: obtain bulletins and updates; read
background information about the program, the
scientists, and other schools; submit your data;
examine and retrieve data from other schools;
look at graphic representations of both the
GLOBE student data and other global data and
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model predictions; and exchange GLOBEMail
with other GLOBE schools. You will have received
instructions on using the GLOBE Web site at your
GLOBE Teacher Training Workshop.

Use GLOBE Science Notebooks

Encourage your students to keep a GLOBE Science
Notebook, a scientific journal or notebook where
each student can record all kinds of thoughts and
observations. Such a notebook can be an unique
mix of private and public work, a place for
students to record reflections, ideas, hypotheses,
questions, observations, and sketches, as well as
transcribe lab results and data as they progress
through their GLOBE work. We hope each student
will keep a GLOBE Scie.ndce Notebook.

* Set aside regular times for students to
work in their GLOBE Science Notebooks
during the week. If you review the
notebooks periodically, you will be able to
follow students’ developing understanding
and assess their learning.

* You might want your students to trade
their GLOBE Science Notebooks with one
another to learn about how other students
take notes; they can attach comments to
each other’s work in a session on Peer
Review.

* As they write in their GLOBE Science
Notebooks , encourage students to be
broad and daring in their reflections on
their work, and persistent and carcful in
their transcription and use of data.

¢ Drawing and recording in their GLOBE
Science Notebooks helps students to focus
and magnify their powers of observation.
No two notebooks look alike because each
person needs to record information in a
way that makes sense to him or her. Some
people, for example, rely more on pictures
than on text, whereas others prefer to
capture most of their observations in
numbers. Each student should experiment
to find out what works best for him or her.

Each entry in the GLOBE Science Notebook
should include:

* Date
¢ Location
¢ Time
¢ If a field entry, environmental variables
such as weather
¢ Questions, hypotheses, methods,
observations, analyses, conclusions, ideas
The information gathered in the GLOBE Science
Notebook should be used to help students prepare
papers and presentations on their investigations
and projects. These can be presented in class, at
school assemblies, and community events, and
submitted to journals for publication.
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How To Help Your
Students Design Their
Own Investigations

Encouraging students to conduct science
investigations is at the heart of GLOBE’ approach
to education. Your students can use data from their
own GLOBE Study Site, as well as data from other
schools, to ask questions, seek answers by looking
at real data, pursue their own interests, establish
partnerships with other schools throughout the
world, and explore the interconnections among
the various phenomena which comprise the Earth
system. The investigation Seasons: Putting It All
Together provides a series of learning activities
using local and global data to answer questions.
Students may design their own investigations as
well. This section contains some thoughts to keep
in mind as you proceed.

Remember, although investigations can be a lot
of work, joy usually accompanies satisfying one’s
own curiosity and gaining new understanding.

1. The nature of your investigations will
depend on local factors. While GLOBE
offers an incredibly rich resource of
worldwide data and potential areas of
investigation, the exact nature of student
investigations will vary from school to
school. It will depend on the
characteristics of your own GLOBE Study
Site, the GLOBE data you use, the interests
of your students, your own interests and
expertise, the capabilities and expertise
that is made available to your students
from their community, the technology
available to you, the age and experience
level of your students, and the amount of
time that you have available.

2. Investigations should be based on
student questions. Investigations begin
with questions. Even if you focus students
on a specific area, the investigations
themselves must begin with questions that
the students are sincerely asking, If they
really want to find out the answer, then
the rest of the investigation falls into place

with logic, meaning, and purpose for the
students. This is crucial to their
enjoyment of an investigation.

. Students should take direct

observations. Students’ investigations
should be grounded in their observations
of the phenomena they are studying. This
is what makes the investigation real for
them - understanding how data
correspond to actual phenomena they can
observe.

. Students should use data from the

GLOBE Student Data Server. This
database of student observations is a
unique and valuable resource to support
student research and learning. In one way

- or another, all investigations can take

advantage of this increasingly rich -
database.

. Students should build on what they

know. Your students will collect data for
the Atmosphere, Hydrology, Soil, and Land
Cover/Biology Investigations. They should
also do a variety of related learning
activities to strengthen their
understanding of the measurement
protocols and resulting data. The
investigations should build on this
knowledge base.

. Students should tap other sources of

information. Using other sources of
information does not mean that your
students should rely on encyclopedias or
other reference books to find answers.
Rather, your students should pursue other
sources of data and representations of
these data such as images, graphs, tables
of data, and other visualizations available
through GLOBE. Historical data from
local environmental agencies, Landsat TM
and other satellite data, regional
topographical maps, or Internet searches
on the World Wide Web complement and
extend the data resources directly
provided by GLOBE. As much as
possible, students should rely on and try
to interpret primary sources of data,
rather than standard textbooks. Of
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course, books certainly provide
explanations for phenomena that help
students better structure their
investigations.
7. Students should collaborate with other
GLOBE students throughout the world.
GLOBE epitomizes this in the scientists’
reliance on data from thousands of
students worldwide. Most Earth scientists
work in teams because of the extensive
nature of environmental research. So too,
student investigations usually are
strengthened or enabled by collaboration
among several students who divide the
responsibilities and share their thoughts. data, and prove or disprove the
Because many GLOBE schools have ‘hypothesis. The process involves asking
telecommunications, student - many questions, exploring the data,
o o . investigations can involve collaborations . making guesses, doing more .
' ’ with other schools all over the world. observations, rethinking the questions,
8. Your students can do investigations at checking other sources, discussing and
any point in the year. All of the GLOBE arguing with colleagues, and questioning
investigations emphasize hands-on, underlying assumptions. This is the
inquiry-based approaches. The best time reality of science, and it is an approach
for an investigation is when the students we hope your students will adopt.
are truly engaged and curious about 12. One investigation will lead to another.
something they see at their study site, in If the topic is truly engaging for your
the GLOBE data, or in the news. students, one investigation likely will
9. Investigations can be short or long. lead to another. For example, your
Some investigations can be donein a students may determine the coldest day
single day; others will take a lifetime. Help of the current year, but that in turn may
your students Lo set achievable objectives lead to the question of why it was so
so that they can see results from their early or late in the year, or whether other
work before they loose interest. places in the world similarly had an early
10. Generally, there may be no single right or late coldest day.
answer. Students tend to assume that 13. Explore local issues. GLOBE
answers are either right or wrong, but for observations provide several perspectives
many questions, there is no single right on your local environment. Addressing a
answer. For example, if the question is local issue may require your students to
“When is the rainiest time of the year?” make other observations. You and they
. your students will find different answers can seek out local organizations as
e for different parts of the world, and they collaborators. When students realize that
=) will find that rainy seasons do not always they can contribute to their community
begin and end on specific days. or interact with scientists directly, it is
11. Most investigations are interactive and often a boost to morale and confidence.
messy. The straight-line concept of the Many areas of scientific investigation are
scientific method is not generally how pursued to satisfy individual curiosity,
science takes place. In many cases, one but environmental investigations almost
< 3 4 < does not simply state a hypothesis, collect always are done to meet a community or
A= societal need for understanding as well.
&3
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GLOBE Outreach

The GLOBE program is a partnership among the
U.S. Federal Government, other countries, U.S.
state and local governments, schools, and the
private sector. Outreach activities can help
promote local interest in and support for your
school’s GLOBE Program activities. This section
includes outreach ideas, tips on writing a press
release and working with the media and sample
press releases and articles. These materials are
intended to be a starting point. To achieve the
best results, adapt them to your school and
community. Also, encourage your students to
develop their own outreach activities.

GLOBE School Outreach Ideas

* Hold a GLOBE Open House and invite
local citizens (e.g. parents, school
superimendems; city officials, other
government officials, and environmental -
clubs) and the media to join students in
making scientific measurements and
observations. Allow the students to
demonstrate how they report the data via
the Internet. Discuss the online, graphic
visualizations of the GLOBE student data
and let the students explain how their
work contributed to the image and to
their understanding of the Earth’s
environment. See Working with the Media
in this section.

* Schedule a school assembly or PTA
meeting to recognize the GLOBE teacher
and students. Students can make
presentations of their data and talk about
what they have learned.

* Help the students organize a GLOBE
“Speakers Bureau” and seek opportunities
to address local business and civic
organizations. Students can demonstrate
what they are learning about both the
environment and technology. This is
important to help meet the GLOBE goal of
improving environmental awareness.

* Invite professionals in the environmental,
science, and technology fields to meet
with GLOBE students. This will help the
students to see the value of their work

beyond the classroom while also helping
these professionals learn more about
GLOBE.

» Have GLOBE students submit articles and
photographs to the local newspaper. The
local newspaper may want to feature
GLOBE student observations regularly on
their education or “kids” pages. Local
television stations may be interested in
including GLOBE data in their nightly
weather reports or science and education
features.

» Show the GLOBE video to small groups to
help provide the overview of the program
or let your students make their own
GLOBE video or slide show.

Working With The Media

If you are contacted by the media or decide to
seek media coverage of your GLOBE Program
activities, the following hints may be helpful. Your
local government or school public affairs office
also might offer guidance.

Developing Your Message and Knowing Your
Subject Matter

Take some time to decide exactly what it is you
want the media to say about your GLOBE
Program activities. Are you looking for coverage
of a particular event, such as a GLOBE Open
House, or are you hoping for a general feature
story on the school activities? See Writing a GLOBE
News Release and be sure to check the updated
GLOBE Program information at http://
www.globe.gov so that you can provide accurate
answers to questions such as, “How many schools
and how many countries are involved?” Also, if
you are uncertain about any aspect of the
program, send an email message to:
info@globe.gov and you will receive a prompt
response.

Invitations

You may choose to invite just one local paper or
television station to visit your school at a
particular time, or you can hold an event to which
youinvite all local media. The single invitation is
easier to conduct and reporters and editors are
more likely to be attracted to an “Exclusive.”
Multiple invitations require more preparation and
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work in carrying out, but can produce wider
coverage of your GLOBE Program activities.
Including dignitaries with the students may
broaden media interest, yet students are “the
story.” The choice of a single or multiple invitation
well may depend on how much interest your news
media has in GLOBE when you approach them.

Establishing Key Media Contacts

If you, your principal, or a GLOBE parent knows
someone in a news organization, contact that
individual first. If you don't have an inside contact,
call the switchboard and ask for the name of
reporters who cover environment, science, or
education issues. Spend a few minutes on the
phone explaining GLOBE and indicate that you
will be sending additional materials or, if you are
planning a special event, a press release. Captivate
their interest so that they will want to accept an
invitation to visit your students. If they seem
disinterested or rushed, try again after a few weeks
or, better yet, ask if there is someone else in the
office they would suggest to contact.

Timing Your Contacts

Reporters need at least one week advance notice
for special events, preferably two weeks. Follow

Figure IMP-I-15: A Sample Newspaper Story on GLOBE

up your press release with a phone call. Don't be
afraid to call the day before to confirm attendance.

Planning Your Event

To ensure good turn-out, time your event to begin
no earlier than 10:00 a.m. Make sure there is
plenty of open space for cameras and
microphones. Check with the news organizations
ahead of time to see if they need access to electrical
outlets or have other special needs. When a
reporter arrives for an event, make sure someone
is responsible for greeting the reporter and
introducing the reporter to the principal, the
GLOBE teacher, students, and any VIPs in
attendance. Prepare a press package for each
reporter with another copy of the press release,
print-outs of GLOBE visualizations, a copy of the
event agenda, and any other materials which-help
describe your GLOBE Program. e

Follow-up

After a media visit to your GLOBE school, call
the news organization to make sure they have all
the information they need. If there are significant
inaccuracies in the story, you should politely
notify the news organization of the errors.

By MARY BARKER

Students collect data for GLOBE program

Chronicle Statt writer

Science methodology was introduced while choos
ing the site with a grid system approach to rating po

An elementary science program in Grand Haven
Schools not only teaches students valuable research
methods, it also

GRAND HAVEN has them pro-
———  viding sclence
data being used around the world by scientists study-
ing the environment.

Griffin Elementary sixth-grade science teacher
Roberta Cramer was the first to put her students to
work measuring longitude, tatitude and elevation
with a Global Positioning System device, which uses
relays from satellites in orbit above the earth.

The Globat Learning and Observations to Benefit
the Environment program, or GLOBE, is a hands-on
project where students work under the guidance of
GLOBE-trained hers to make eavir 1 ob-
servations and measurements and report them to a
central processing facility.

Cramer's stud record

The Global Learning and
Observations to Benefit the
Environment program, or
GLOBE, is a hands-on project
where students work under the
guidance of GLOBE-trained

_ teachers to make
environmental observations and
measurements. .

accuracy of the satellite images.
“The bottom line is students are learning science
research, which is basically simple. It's a matter of

and average daily temperatures 11 a.m. each day.
The students also take note of the cloud cover and
precipitation at that time. Water temperatures and
acidity also are analyzed. The information is then
sent through the Intermet information highway to
educators and scientists all over the world who are
studying the environment. . .

Global images generated from the data are sent

an data over a long period of
time,” dumer said.

“This is a hands-on activity with far-reaching im-
plicatlons for scientists all over the world,” Cramer
said. "It isn't often that kids are doing science that
will be used by other scientists. That is what makes
this program unique.™

Before they could get down to the busiaess of col-

tential locations based on a variety of criteria.
“They were asked to document tbeir metnod 0
choosing a site and to reflect in writing on how an
why the chose the site,” Cramer said.
In the fall, while waiting for the measuring equip
ment to arrive, students learned about cloud cove

' and maintained a science journal. Accuracy in re

cording observations was stressed, Cramer said.
The special Globa! Positioning System device wil
travel to Rosy Mound, Ferry, Ceotral, Robinsos am
Peach Plains elementaries as well as the Junior Hig'
School and Community Education, where stodent
will collect similar information and send it off to sci

Students at varions elementary levels will partici
pate. For exampls, second-graders can measure ai
temperatures and fifth-graders can sample loca
plant and animal life; first- will record clow
cover and sixth-graders agalyze water quality.

From there the device will be sent to another dis
trict until next year when Grand Haven students wil
repeat their effort at being part of the global picture

GLOBE is managed by a team of agencies beade
by the National Oceanic and Atmas;gerlc Adminis
tration. ies are: the N A
and Space Administration, the National Scienc
Poundation, the Environmental Protection Agenc,

back to students for study. and the Departments of Education and State.

Cramer said scientists for years bave been retriev-
ing information about the environment from satellite
photographs. The data being collected. by students
around the world is being used as a way (o verify the

lecting information and sending it around the globe.

d at Griffin E y spent a lot of time The leadership also includes the Office on Envi
choosing a research slite to locate the weather station  ronmental Policy and the Office of Science an
built and donated by Rick Fuller. 2 Griffin Elemen-  Technology Policy in the President's Executive Ot
tary parent. fice.

Used with the permission of The Chronicle, Grand Haven, ML
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Figure IMP-I-16: A Sample Newspaper Story on GLOBE

Project spurs suden growth

By Edward Patenaude

DUDLEY — A hands-on program
that joins students, educators,
and scientists !n studying the
global environment is a big hit
with ninth-graders at Shepherd
Hill Regional High School.

“1 call it real sclence,” says
tead teacher Anthony R. Surozen-
sid. “We've made a three-year
commitment.”

The science department at the
district high school is providing
day-by-day weathcr and related
information for sclentists affiliat-
ed with Global Learning and Ob-
servations to Benefit the Environ-
ment in Boulder, Co.

While students in Surozenski's
ninth-grade science class are
doing most of the work, checking
information at a weather station,
a soﬂmnlmu'e rcaduu site,and &

the
is open to the eommunlw “We
could use some help on week-
ends and during vacations,” Suro-
zenski says.

The weather and soil stations

are on the Shepherd Hill campus,
and water readings are made -

near a culvert connecting Mos-
quito and Wallace ponds on Dud-
ley-Oxford Road, about a8 mile
from the school.
WE'RE NOT ALONE'

“It.does not take very long to
learn what has to be done nor
does it take loag to do the actual

% findd )
Edward Fox, 14, measures the height of a tree outside Shepherd
Hill with a clinometer.

States and other countries gath-

the Dudley-Oxﬁnd Road school.
They tree leaf

ering information so
ean get a better understanding of
the environment”

Students in last year’s fresh-
man science class walked the
hilltop campus, identifying areas
that might be used for ongoing
weather and moisture readings
and biometrics, the statistical
study of biological data.

Information is forwarded via
the Internet to Boulder, where it
ean be accessed by research sci-
entists. Shepherd Hill readings
are fixed to a 15-kilometer square
that covers a region from Webster
Lake westerly to the Quinebaug
River, and includes most of the
ponds, and a lot of woodlands

growth above a given section to
determine the amount of sunllgm
that reaches the

tests will record plant zrom.h
through the four scasons.

The Shepherd Hill program
has been mostly outside to date,
but it will become an {n-class ac-
tivity as the weather turns cold,
Surozenski sald. While important
and: part of the process, fleld
readings will be limited. “We'll
be into the computer end of it
when we cant get cutside.”

The program has been well ne-

recording of data,” said Surozen- open Dodl . The knowiedge by students that activi-
sk, calling for e i o roports  ties will Improve understanding
readings must be taken between  pup other achools and locations of the planet There's generally
11 a.m. and noon every day of the  py, the 100 ists par tion to share,
year. ' in the progrsm. It is 'o":' o
- “We've been working with this  that data will improve nnder- ﬁ’&m;msm rein
progrem since April,” Surozenski  standing of the earth. uslity in the. towa w-m
sald “We're not alone. There are  Students have established a ratly been within WN"’”"'B
1,600 (schools) in the United land cover-site near a corner of ge;‘l!cwlu

Although e ninth-grade study,
the volamteer aspect of the study
ia open to anyone in the commu-
nity. There were a few gaps in the
summer 1996 readings, but scout
groups and others came to the
fore, Surozenski said.-

Debra Warms and her two sons,
Christopher, a fifth-grader, and
Jonathan, a fourth-grader,
sumed responsibility for rudina
through the second week in July.
Her husband, Kurt, is the leader
ofa om Scout pack just getunx
reor d and Sur
sought belp, Debra Warms said.
“He ended up with us,” she said.
“We enjoyed going up there.”
‘HANDS-ON APPROACH’

Surozenski and about 20 stu-
dents were In a wooded section
behind the school yesterday af-
ternoon. The ninth-graders, most-
ly from the Charlton side of the
two-town district, said the Globe
sclence project offers a hands-on
approach to science.

“It i3 a lot of fun because the
information’ can be’ used in so
many great wqys. Tony Almeida
said.

Enthusiasm for the project has
brought Almeida to school on
weekends, Surozenski said. Al-
meida and his parents, Sandra
and Joseph A. Jr., are-among the
volunteers who visit the Dudley-
Oxford Road campus when the
8chool is closed.

Science is interesting but the
outdoor sessions add a dimension
to the school day, Jessica Beesicy.
said. Zoe Ferris offered a similay
note. Besides this, good grades
are Ilkely. she predicted.

“It's hands-on’ experience, not -

like sitting in a classroom,” An-
drea Bardier said while drawing
measurementa on & form.

Used with the permission of the Telegram & Gazetie, Worcester, MA.

\ Writing a GLOBE News Release .

Five points are important to a good news release:
Who, What, When, Where and Why. I possible,
a sixth, How, should be included. It is important
to get all these points in the first sentence or two.
Use short words and write short sentences and
short paragraphs. Two sentences make a good
paragraph in a news release. Almost every news

Provide at least a two- or three-sentence
description of the overall GLOBE
Program, including information on the
number of schools and countries
involved.

(Check the GLOBE Home Page at
hup://www.globe.gov for up-to-date
information.)

release can be written on one or two typewritten * Check every point of your release for
pages. accuracy. Never guess on dates, times,

laces, or spelling of names.
Remember P peting

¢ Put school contact person and phone
number at the top corner of the release,
and print the release on school
letterhead.

» Always give exact date, time, and location
of your event, including the location for
media parking and specific entrance
information.
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Figure IMP-1-17: A Sample Press Release

Sample Press Release (Contact Name/#/School)

LOCAL STUDENTS ASSIST WORLD SCIENTISTS
COLLECT ENVIRONMENTAL DATA

Students at (NAME OF SCHOOL) are joining an international network of
young people taking scientific measurements of Earth systems and sharing their
observations with other students and scientists around the world using state-of-the-
art technology systems.

“(NAME OF SCHOOL) is joining the Global Learning and Observations to ~
"Benefit the Erivironment (GLOBE) Prograin, an.international environmental science
" and education partnership. GLOBE students are contributing to a better
understanding of the planet by making regular environmental observations at
thousands of locations around the world and sharing their information via the Internet.

(Teacher's Name) attended a workshop with GLOBE scientists and educators
for instruction on the measurement procedures and the GLOBE computer technology
system.

(INSERT GLOBE TEACHER QUOTE)

Students will select a study site near the school where they will take regular
measurements of various atmospheric, hydrological, biological, and geological
features. The students will then send their findings via the Internet to a GLOBE data
processing facility. Their data will be combined with input from other GLOBE schools
around the world and with other science sources, such as satellite imagery, to create
dynamic, online images of the Earth. The GLOBE student data is available to the
general public on the World Wide Web at http:/www.globe.gov.

The GLOBE Program is jointly funded and coordinated by the National
Oceanic and Atmospheric Administration, the National Aeronautics and Space
Administration, the National Science Foundation, the Environmental Protection
Agency, and the U.S. Departments of State and Education. (Insert: Local support
for GLOBE activities is being provided by ...)

For more information, contact (Insert GLOBE Teacher Name and phone
number)

GLOBE™ 1997 Introduction - 40 Implementation Guide
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Our Home Planet: The Global View

Students look at globes, maps, and photos of the Earth
and consider Earth as a global system.

Our Special Place: The Local View

Students look at their local environment and compare
their observations.
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Our Home Pianet:
The Global View

Purpose
To introduce the GLOBE program to students

and to provide them with an o verview of
GLOBE's most significant features

Overview

Students look at globes, maps and astronauts’
photos of Earth, and consider the Earth system
as a whole. They are then introduc ed to the
key elements of the G LOBE program: the
scientists, the study areas, and the inter national
community of students.

Time-
One class period

Key Concepts
Earth is a planet, functioning as a whole,
with interconnec ted systems.
The scientific community works together

Skills

Reflecting on the whole, in this case on the
entire planet

Hypothesizing about the future of the planet .

Brainstorming and reflecting upon the role of
good data in scientific investigations

Level
All

Materials and Tools

The GLOBE whole Earth poster, photos of
Earth from spac e taken by the astronauts,
as well as many other images of the Earth
you can find. You might include a globe,
atlas, maps, and any other
representations that will stimulate your
students thinking about their planet.

GLOBE introductory video (optional)

Welcome letter to students (from Prefac e) .-

to gain a deeper understanding of Preparation
Earth’s interconnec tions. N
Students and teachers can be part of this one
community through their par ticipation Prerequisites
in the GLOBE Program. 9
None
Background “The first day or so we all pointed to our countries.

Students today are for tunate to grow up with
pictures of the whole Ear th as seen from spac e-
beautiful, blue, vulnerable, and rich in mysteries.
We all profit from those brav e early explorers of
space who not only traveled into the unknown,
but sent bac k words and pictures filled with their
impressions of the Ear th seen from afar . The very
thinness of the atmosphere took the astronauts’
breath away, while the Ear th’s color and
complexity stood in sharp contrast with the gray
and lifeless surface of the moon.

“From space | saw the Earth-indescribably
beautiful with the scars of national boundaries
gone.”

Muhammed Ahmad Faris, Syria

The third or fourth day we were pointing to our
continents. By the fifth day we were aware of only
one Earth.”

Sultan Bin Salman al-Saud,
the Kingdom of Saudi Arabia

“Now | know why [ am here. Not for a ¢ loser
look at the moon, but to look back at our home,
the Earth.”

Alfred Worden, USA

“I realized that mankind needs height primarily
to better know our long-suffering Ear th, to see
what cannot be seen close-up. Not just to know
her beauty, but also to ensure that we do not bring
even the slightest harm to the natural world.”

Pham Tuan, Vietnam
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Figure IMP-L-1: An astronaut floats above the serene Earth
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Figure IMP-L-2: Middle East
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Figure IMP-L-3:

Malaspina Glacier
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Sourc NASA
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Figure IMP-L-4: Kamchatka Volcano

Source: NASA
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Figure IMP-L-5: Bucharest
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Source: NASA
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Source: NASA
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“After an orange ¢ loud-formed as a result of a
dust storm over the Sahara and caught up by air
currents-reac hed the Philippines and settled there
with rain, 1 understood that we are all sailing in
the same boat.”

Vladimir Kovalyonok, USSR

(Home Planet, Conceived and edited by Kevin
Kelley for the Association of Spac e Explorers.
Mosc ow: Mir Publishers; New York: Addison
Wesley, 1988)

In order to be better caretakers of the planet we
need muc h more information about how our
Earth system works. In GLOBE, our students
gather critical data which help scientists
understand the my riad interc onnec tions among
the land, water and air of Planet Earth.

What To Do and How To Do It

Step 1: Viewing Earth from Space

Plac e the Earth images in prominent positions
about the ¢ lassroom.

Give the students sev eral minutes to observ e the
globe, posters and images of the whole Earth seen
from space. Invite students to share their
responses to the images of Ear th. There are no
right or wrong answers; any response is
acceptable. Encourage your students to point out
the Earth’s outstanding phy sical features, to
identify geographic areas with signific antly
different features, and in general, to think globally.
Ask them to consider what might be evidence of
life in the image. Could anything that happens
in another par t of the world affec t what happens
in your part of the world?

Step 2: Who do you know elsewhere in the
world?

Select a globe or map to mark with small notes
or push-pins. Ask your students who they know
(friend or family) who lives outside of their own
community. Ask your students to ¢ onsider what
they might lear n from these people about their
parts of the world. Is it warmer or colder in their
area? Is there more rainfall? Heavier rainfall?
Snow? Is the soil more sandy or better for growing
crops? s the rain and water more or less ac idic
than your own? Such a discussion will develop

in students a sense of the v alue of eac h person’s
data. Point out that they will soon become experts
in their own study sites, and will contribute that
information to the world ¢ ommunity.

Step 3: Brainstorm with your students

What could we lear n about the Ear th with data
from students around the world?

We could lear n more about:

» How is Earth able to support life?
Beginning and intermediate students
might mention the Ear th’s atmosphere, its
water and other critical, but single,
specific features.

Advanced students might mention the way

the planetar y systems of water, soil and air .

work together, or the way organisms and
the planet hav e evolved together .

* What challenges are fac ed by the Earth?
Beginning and intermediate students
might mention single examples of human
impac t or particular pollution problems
such as oil spills or acid rain. They might
simply say that we should study it.
Advanced students might note the
population explosion, and atmospheric
changes. They might point out that,
working together, we should study these
changes, o ver time, in different parts of
the world, sharing our findings.

* What might the world be like 50 and 100
years into the future?

Step 4: Welcome students to the GLOBE
Program

Welcome students to the G LOBE Program. Show
the GLOBE overview video if av ailable to pro vide
an introduc tion to GLOBE. You will find in the
Prefac e to the Teac her’s Guide a letter from G LOBE
addressed to students. Either read it to them or
copy the letter for your students and let them read
it quietly. Discuss the program with your students,
emphasizing the following points:

* GLOBE, Global Lear ning and
Observations to Benefit the En vironment,
is one of the first programs to explore the
state of the Ear th as a biosphere, a living
whole with c omplex interc onnec ting par ts.
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Changes in one part of the Earth system,
whether it be a dec line in soil moisture, an
increase in c loud cover or a loss of spec ies
diversity, for example, affec t changes in
other parts of the Earth system.

* The GLOBE Program is worldwide, with
scientists doing real researc h. You might
want to read a few selec tions from the
scientists letters at the beginning of the
modules as a way to bring them to life in
the classroom.

* Students are c ritically impor tant
par ticipants in the G LOBE program. They
are working in a global ¢ ommunity,
providing measurements urgently needed
by the scientists and therefore by ev eryone
who wants to understand better how the
Earth works. Students contribute their
data to the G LOBE databases and share
with scientists and with other students
throughout the world.

* Every school has a study area, and within
thatarea, sev eral study sites. These are
outdoor areas where students will be
taking their measurements. They will soon
be going out together to describe and set
up their sites. Each GLOBE Study Site can
be seen as a single, large and intric ately
connec ted study area. When studied
altogether, using the same instruments,
these study areas will y ield a portrait of
our planet that is both valuable and
convincing.

This is an historic program, both for its sc ience
and for its educ ation. Eac h one of us, eac hteac her,
eac h student, eac h scientist, has a responsibility
and an opportunity to do our best work for one
another and for our world.
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Our Special Place:
The Local Uiew

Purpose

To give students their first experience to
observe their GLOBE Study Site, using their
senses to obtain a holistic, motivating
impression of the study site

Overview

Students go outside and make both large-sc  ale
and small-sc ale observ ations of a por tion of
their GLOBE Study Site. After a period of
reflection, they transform those observ ations
into representations - sketc hes, stories or
poems. Students ¢ ompare their area with other
classmates’, and consider what might explain
any differenc es in the two areas. Students also
begin to use their GLOBE Science Notebooks.

Time
One class period

Level
All

Key Concepts

A study site is an organic whole.

The natural world is a ric h source of
information. Y ou can use your senses
to gather important information.

Skills

Increasing awareness of one’s own
environment

Describing, recording and creating a
representation based on observ ation

Materials and Tools

Avariety of art materials.
Student notebooks to use as GLOBE
Science Notebooks.

Preparation

Select a representativ e nearby loc ation within
your GLOBE Study Site.

Make trav el arrangements, if they are needed.

If you have not already done so, ¢ reate a
GLOBE bulletin board area in your sc hool or
class. Eventually your students will post a wide
range of information on the bulletin board.
For this exercise, your students will post their
drawings, poems and stories.

Prerequisites

This is best done after the W elcome to G LOBE
activity.

Background

Each school in the G LOBE program c onducts its
observ ations and measurements in a designated
study site. This GLOBE Study Site is a 15 km x
15 km region centered on your sc hool and
provides the broad ¢ ontext within whic h specific
study sites are designated for the Atmosphere,
Hydrology, Soil, and Land Cover/Biology
Investigations. For more information, please refer
to the sec tion Selec ting Your Study Sites.

In this activity, your students will explore their
GLOBE Study Site with their senses before they
begin making multiple measurements. If they star t

with observing the whole, then they will retain a
sense of this larger ¢ ontext within whic h the parts
fit. Rurthermore, ac curate observ ation depends
on the use of all their senses, not just their eyes.
This is particularly true when observing aliving
eco-system.

This activity has three phases: an observ ation
phase, a reflec tive phase and a representation
phase. During the observ ational phase, students
simply make observ ations. They rec ord any thing
and ev erything they observ e within the study site.
The observ ations and rec ording are done in a
stream-of-c onsciousness fashion to help foc us
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attention on the observ able and heighten
awareness. During the reflec tion phase, eac h
student reviews his or her collection of
observations and ¢ onsiders how the observ ations
relate to one another . During the representation
phase, students c reate a representation of their
site or some aspect of it. This can take many forms
-apoem, a detailed drawing, astor y. This phase
brings together eac hindividual’s observ ationsand
reflections.

This kind of initial contac t with the environment
strengthens the student’s motiv ation to lear n.
With their lively multi-modal sensibility intac t,
students will observe more keenly, c are more
deeply, and think more broadly about the
particular site. They then will be more ¢ ommitted
to subsequent GLOBE protocols and
investigations. Y ou might want to repeat this
holistic observation periodic ally and giv e the
students an opportunity to see how their own
perceptions grow in depth and breadth.

What To Do and How To Do It

1. Ask each student to select a place within
the GLOBE Study Site. This will be their
“special place.” Ask students to do some
of the following ex ercises. Read eac h
section aloud, asking students first to
observe, then to reflect, and then the
write or draw in their GLOBE Science
Notebooks. Pause between questions for
several minutes in order to giv e your
students the appropriate amount of time
to observ e, reflect and respond.

Have your students do the following;

Observation Phase

2. Sit quietly in your site, experiencing and
observing it. Use your senses - your eyes,
your ears, your nose - to explore the site.
What do you see? What do you hear?

What do you smell? What do you feel?

3. Observe the “big picture” about your
special place, looking both high enough'to
include the sky and low enough to see the
ground. What are the biggest features you
notice? : '

4. Observe the “small picture” in some detail,
the area immediately around you. What do
you notice?

Reflection Phase

5. Think back over your experience. What
strikes you most strongly about your
observation?

6. How much of what you saw, heard or
smelled was man-made? How much is
natural? What do you find beautiful? What
unattractive? What cquestions do you have?

GLOBE™ 1997
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Representation phase

7. Sketch a picture, poem or stor y about

your place. Include your feelings about it

as well as what you have seen and

lear ned.
When the class returns to the school, have
students share their observ ations, sketc hes and
writing, Post some of them on the sc hool’s G LOBE
bulletin board.

Extensions

* Create individual and ¢ lassroom
reproductions of the site, or part of the
site, in a variety of media: photographic
essay, set of drawings or paintings,

GLOBE Science Notebook with
specimens, mural, diorama, Hy percard
presentation, video, stor ybook, etc. Try to
include something about eac hindividual’s
special site.

» A second field trip could feature
comparing one site with another . Students
could consider what further exploration
might help them lear n more about their
“special places.”

» Ifyouarealready on G LOBEMail, have
students send the latitude and longitude
of the selected site to another school via
GLOBEMail. Invite the other site to
speculate about your site - what animals
and plants live on your site? What typical

weather and ¢ limate patter ns affect the
site? What is the loc al soil and hydrology
like? After the first GLOBEMail exchange,
give clues about the site, if necessary.

» Researc h your study area’s geologic al,
historical, and legal characteristics. Look
at old topographic maps. How might this
site hav e looked five years ago? A hundred
yearsago? T en thousand years ago?
Describe any changes you think may have
occurred during these time spans. Use
both words and images to desc  ribe these
changes. Surv ey neighbors for tales of the
history of your study site.

» Explore the idea that the site may ¢ hange
again. What ¢ hanges are most likely?
Tllustrate more than one sc enario for what
changes may take plac e during the current
year, next year, in 1 0 years, and in 1 00°
years.

Student Assessment

Have eac h student create a por tfolio of seasonal
observ ations for eac h site. Then compare and
contrast the observ ations, looking for enhanc ed
understanding. Ask each student to comment on
what he or she has lear ned since the first
observ ation, in contrast with the later observ ation.
(This can tie in with the Seasons Investigation,
which takes place after your students have begun
collecting and submitting GLOBE data.)

Acknowledgment: This activity was inspired in
part by TERC'’s Global Lab Project, Selecting and
Experiencing Your Study Site.
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Master List of GLOBE Protocols
Master List of GLOBE Learning Activities
Master List of Science and Thinking Skills

Master List of Key Concepts by Chapter

Glossary
Addresses for Submitting Photos, Maps,
and Charts
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This is a comprehensive list of the measurements your students will take as a part of GLOBE. The
protocols are given in each of the investigations.

o Master List of GLOBE Protocols
i

/ Daily
cloud type

cloud cover

rainfall

solid precipitation

pH of precipitation

maximum, minimum, and current temperatures

' §’ §¥ “# % . R S ‘ % )
sHydrology; « -

Weekly

transparency
temperature
dissolved oxygen

% conductivity for fresh water or salinity for brackish or salt water

alkalinity
nitrate ~N

SOll > P ,é‘, B . ~ \ PR N n P ? N CV’%}

Daily to Monthly

soil moisture

Weekly

soil temperature

Seasonally
infiltration
diurnal cycle of soil temperature for two consecutive days

Once at each Soil Characterization Sample Site
soil profile photograph

@ slope
(“m <) infiltration

soil characteristics for each soil horizon
depth
structure, color, consistence, texture, presence of roots, rocks, and carbonates
bulk density
pH
v particle size distribution
fertility (nitrate-nitrogen, phosphate, and potassium)

GLOBE™ 1997 Appendix -2 Implementation Guide
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FOR g e e e IRERE L EEI IS T
~Land Cover /Biology ; + .« + & . -

Once or twice each year for Biology Study Sites
(once during the peak growing season and once during the adverse season if there is one) and

SUIODSM / 5

Once for other Quantitative Land Cover Sample Sites

Forests and Woodlands L :
canopy cover \‘\
ground cover s
dominant and co-dominant species (when trees are fully leafed out) =
tree height P
tree circumference %

Grasslands o
grass biomass g

Once only for all Land Cover Sample Sites and Biology Study Sites -
MUC Level 4 land cover classification .
Photographs from the center of the site looking North, East, South, and West \""\t

Once for the GLOBE Study Site ‘

Land cover map using manual interpretation and classification of the hard copy Landsat :?
TM image 9@,

Land cover map using unsupervised clustering with MultiSpec software and classification ?i
of the clusters %

Accuracy assessment of each map using validation Land Cover Sample Site data

GPS . i <
| )

Once for the front entrance of the GLOBE school and for each study or 4

sample site =,

) =
latitude i
longitude =
elevation %‘

£
2
7
2 \
8
g
E P
e~
s B
S 3
v =
] %
Qo
&
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~~, Master List of GLOBE
E‘f Leaming Activities

;ﬁ%“ BN

| / FElmplementatmn Guide - M @M LY

QOur Home Planet
Our Special Place

Observing, Describing and ldemlfymg Clouds
Estimating Cloud Cover: A Simulation
Studying the Instrument Shelter

i

PR Y v‘ %éw;» FU S & 5 & @% j% S @

Building a Thermometer
Land, Water, and Air
Cloud Watch

N @ ¥ ERE N I R P £ & o
Hydrology - -« 4« . . 44
Water Walk
Model Your Watershed
Water Detectives
The pH Game

Practicing the Protocols
Water, Water Everywhere
Macroinvertebrate Discovery
Modeling Your Water Balance

R

S

Just Passmg Through Beginners
Just Passing Through
From Mud Pies to Bricks
Soil and My Backyard
U A Field View of Soil - Digging Around
Soil as Sponges: How Much Water Does Soil Hold?
Soil: The Great Decomposer
Making Sense of the Particle Size Distribution Measurements
The Data Game

v4 »
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iy T & T
Land Cover/Biology

Leaf Classification

How Accurate is it? Introducing the Difference/Error Matrix
What's the Difference?

Odyssey of the Eyes

Some Like It Hot!

Discovery Area

SO /

Site Seeing
Seasonal Changes in Your Biology Study Sites

: Y E
What is the Right Answer?
Relative and Absolute Directions
Working with Angles
Celestial Navigation
S I o N =X
easons N i s

What Can We Learn About Our Seasons?

What Are Some Factors That Affect Our Seasons?

How Do Seasonal Temperature Patterns Vary Among Different Regions of the World?

What Can We Learn by Sharing Local Seasonal Markers with Other Schools Around the World?

$|030101d / \ UOIDNPOAIU] / \
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Master List of GLOBE

> Scionce and Thinking Skl

"/ 73

_ Basics: Working with Instruments and Tools:

asking measuring

/ reading calibrating
organizing conducting
reflecting reading
determining comparing and interpreting
identifying manipulating
comparing building

brqinst?rming converting
V. estimating following directions
collecting

consohdc'mng Quantitative:

_ elaborating . ,

; categorizing and classifying laying and plotting
building and modeling
drawing and graphing

Researching: measuring
R observing subtracting and adding
‘ designing solving
hypothesizing manipulating
describing collecting
interpreting testing
comparing converting
predicting averaging
generating questions
analyzing Communicating:
modeling -
drawing conclusions and correlations wriling reports
speaking orally
interpreting
Working with Data: using graphics
digitizing summarizing
mapping describing
graphing
: collecting
S U recording
‘ organizing
verifying
summarizing
v\~
oy o
== =y
7%
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Master List of GLOBE
Key Goncents hy Ghapter

Atmosphere

Cloud formation

Composition of the atmosphere
Cooling/warming effect of clouds
Condensation

Effects of wind on precipitation
measurement

Meniscus reading

Change of state, heat capacity, density of
snow

Heat, temperature, convection,
conduction, radiation

Clouds are identified by their éhap’e,"
altitude, and precipitation characteristics
Using a simulation to explore the accuracy
of observations

Heat transfer through radiation,
conduction, and convection

Substances expand and contract as the
temperature changes.

Liquid-in-glass thermometers work on the
basis of thermal expansion and
contraction.

Conduction and convection are two key
forms of heat transfer.

Different substances, such as soil, water,
and air transfer energy and heat at different
rates.

Relationships of clouds and changes

Hydrology

Temperature

Temperature measurement

Heat, heat transfer, conduction

Accuracy, precision

Dissolved oxygen

Comparing with a standard

pH and its measurement

Temperature affects pH

Calibration

pH butffers and standards

Alkalinity

Natural factors affecting alkalinity
Standardization

Conductivity, factors affecting conductivity
Surface water exists in many forms, such
as: ponds, lakes, rivers, and snow cover.
Water characteristics are closely related to
the characteristics of the surrounding
land. Water moves from one location to
another. Surface water has many
observable characteristics, such as: color,
smell, flow, and shape.

A watershed guides all precipitation and
run off to a common watercourse or body
of water. The Hydrology Study Site is part
of a watershed. The nature of a watershed
is determined by the physical features of
the land.

Quality assurance, quality control,
reliability, accuracy, protocol, calibration
Solutions, Suspensions

pH measurements

Each organism has a range of water
characteristics needed for survival. Some
have a wide range of water quality where
they can live. These differences dictate
adaptability to a changing environment.
There are geographical patterns in water
quality and annual survivability.

GLOBE™ 1997
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Soil horizon, color, texture, root
distribution

Soil measurements may be influenced by
external factors such as land use, general
climate, parent material and topography.
Sampling procedures

pH of soil, particle size distribution,
texture

Soil holds moisture. Water is characterized
equally well by its weight as by its volume.
Soil moisture increases after precipitation.
The amount of increase depends on many
factors. Soil moisture decreases on dry
sunny days. The rate of soil drying also
depends on many factors.

A soil moisture meter can be used to make
an indirect measurement of soil water and
content after calibration.

Soils vary within a small local area. Soil
properties are related to the soil forming
factors. Soil can be classified according to
its properties.

Soil profiles can be described based on the
five soil-forming factors. Soils within a
small geographic area show considerable
variety. Soil factors also affect soil moisture
content and temperature.

Measuring and recording data accurately.
Estimates give a feel and data quality and
estimates provide a way Lo pick out
unusual data for further research

Different objects can hold different
amounts of water. When objects dry they
release their water. Squeezing and
evaporation are two ways (o remove water.
Soil water content is a measure of the
amount of water in a soil sample. Soil
water content varies around the world.
Decomposition in soil depends upon
different environmental conditions.

Land Cover/Biology

e Land Cover classes, MUC classification

scheme

Pixel Size, canopy cover, ground cover,
tree height and circumference, grass
biomass, dominant and co-dominant
species

GPS, field measurements/biometry
Accuracy assessment allows us to
evaluate our ability to map land cover.
Once evaluated, accuracy can be
improved using the knowledge we gain
from the difference/error matrix.

A map is a symbolic representation of a
certain land area. The field of view is how
large an area your eye or camera’s eye’ can
perceive. The field of view increases the
higher the eye is relative to the ground.
Objects in a remotely sensed image are
interpreted and digitized into a code
based upon the object’s reflectance of
bands of light. The image codes are
relayed through a satellite dish to a
computer for storage or enhancement.
Image display is accomplished by
conversion of stored data to a user-
defined color-coded image.

Orbiting satellites take photographs with
cameras that are sensitive to a variety of
different wavelengths. One of the main
wavelengths sensed is the thermal
radiation. The sensor reads the amount of
heat being radiated and makes a picture
out of the different values. When
students observe something without
touching it they are actually using their
eyes, ears, nose and skin surface to
remotely sense that object.

Humans have an impact on the amount
and type of land cover types. Animals
and plants are affected when land cover
types change. Humans need to be aware
of the impact of land developments.
Your 30 m x 30 m Biology Study Site can
be considered a system. Your system
contains certain elements within it such
as trees, water, soil, rocks, and animals.

GLOBE™ 1997
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A system has inputs such as sun’s energy,
water, carbon dioxide, oxygen, dust, and
outputs like water, carbon dioxide,
oxygen, heat.

System boundaries will differ depending
upon the question you are asking.

In the spring, there is a period of bud-
break, in which leaf buds appear and
grow. In the fall, there is a period of
senescence, in which actively growing
plant material dies.

Classification helps us organize and
understand the natural world. In order for
classification systems to be useful, we
need to quantitatively determine their
accuracy. Criteria are used to define
accuracy levels.

Latitude and longitude and mapping
Relative and absolute direction, latitude
and long, angles, use of magnetic
compass, basic mapping, spacing

Angles are measured in degrees, minutes,
seconds, and in decimal degrees. GPS
receivers use degrees and minutes to
measure angles.

If the latitude and longitude of one
location cannot be measured directly, then
they can be calculated by determining it’s
relation to a nearby known location.
Levels of measurement incorporate
degrees of accuracy. There are
mathematical techniques for dealing with
degrees of accuracy.

Seasons

* Seasonal changes follow an annual cycle.
Observable markers indicate transition
points in the seasons. Seasonal changes
demonstrate the interconnections among
earth’s systems.

* Seasonal patterns differ based on
geographic locations. There is a lag time
between the winter solstice and the
coldest day of the year. Annual cycles in
the seasons change from year to year.
Seasonal temperature cycles vary around
the world.

GLOBE™ 1997
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N

band
A specific segment within a continuous
range of wavelengths or frequencies such
as those of electromagnetic radiation.

blue marble
A common term for the Apollo image of
Earth and for similar, natural color images
of the full disk of Earth taken from space.

browser
Computer software which allows one to
access, read, and view World Wide Web
pages that conform to the hypertext

~ transfer protocol.

diorama
A three-dimensional model which tells a
story or explains a concept.

electromagnetic radiation
Energy propagating in the form of
combined, oscillating electric and
magnetic fields often referred to by names
specific to the different wavelength bands
such as gamma rays, x-rays, ultraviolet
light, visible light, infrared radiation, radio
waves, and microwaves.

false-color infrared
A color image produced using infrared
sensitive film or a computer image
processed to produce a similar result
usually with near-infrared wavelengths
appearing red, red wavelengths appearing
green, and green wavelengths appearing
blue.

home page

A World Wide Web page (or address) that
is made available for initial access through
Web searches to a set of material or pages.

gravimetric sampling

A method of measurement in which
samples are weighed.

inquiry-based approach
An approach to learning which
emphasizes students asking questions,
developing hypotheses, and designing a
methodology to investigate issues or
phenomena largely under their own
direction.

IR
Infrared radiation.

light waves
Any form of light; the term waves is added
to emphasize that light is characterized by
its frequency or its wavelength and that
light involves oscillations of electric and
magnetic fields.

pH
A measure of the acid or base cohtent of a
water based on the concentration of
hydrogen (H*) ions. The measurement
scale for pH is logarithmic with

pH = -log [H*]

where the square brackets denote
concentration in number per cubic
centimeter. Pure water and neutral
solutions have a pH of 7; acid solutions
have a pH lower than 7 (i.e. a hydrogen
ion concentration greater than 107; basic
solutions have a pH greater than 7.

sample sites
Locations where GLOBE measurements
are taken only once.

species diversity
The number of different species living in a
given area or found in a sample.

spectral pattern
A pattern which characterizes the amount
of radiation at each wavelength which is
reflected from or absorbed by an object,
surface, or gas.

study sites
Locations where GLOBE measurements
are taken repeatedly.
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Akiresses for Sulnnitting
Photos, Maps, and Charts

Mail
GLOBE Student Data Archive

NOAA/NGDC E/GC 1
325 Broadway
Boulder, Colorado, USA 80303

email
globe@ngdc.noaa.gov

GLOBE™ 1997
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Source: Jan Smolik, 1996, TEREZA, Assoclation for Environmental Education, Czech Republic
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§ Protocols

Daily measurements within one hour of local solar noon of:
cloud type
cloud cover
precipitation (rainfall or snowfall)
precipitation pH
current temperature
maximum temperature within the last 24 hours
minimum temperature within the last 24 hours

Suggested Sequence of Activities

Read Welcome to the Atmosphere Investigation.

Copy and distribute the scientist letter and interview to your students.

Read through Protocols to learn precisely what is to be measured and how.

Read the brief description of the learning activities at the beginning of the Learning
Activities section.

Do these activities with your students before beginning the protocols:
Observing, Describing, and Identifying Clouds
Estimating Cloud Cover: A Simulation

Install the instrument shelter and the rain gauge in a suitable location on the school
grounds. 1[ possible, you should involve your students in planning the location
of the instruments. Criteria for placement of the instruments are given in Protocols.

Submit your Atmosphere Study Site definition data to the GLOBE Student Data Server.

Make copies of the Atmosphere Data Work Sheet in the Appendix.

Teach students how to take the daily measurements, following the instructions in the
protocols.

Submit your data every day to the GLOBE Student Data Server.

Do the remaining learning activities as you continue daily measurements.

W/ Special Notes

Make sure you get the instruments required for the Atmosphere protocols. Information on
how to obtain these instruments is in the Toolkit.

GLOBE™ 1997 Welcome -2 Atmosphere
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- pleased to welcome you to the Atmosphere

- -
1 Duplicate and
distribute to
students.

Dear Students,

Hello! My name is Susan Postawko, and I'm
the lead scientist for the Atmosphere and
Climate investigations for GLOBE. I'm on the
faculty in the School of Meteorology at the
University of Oklahoma in Norman,
Oklahoma. My partners in the Atmosphere
and Climate group here in Oklahoma are Dr.
Mark Morrissey, Ms. Renee McPherson, Dr.
Ken Crawford, and Dr. Rajeev Gowda. In
addition, we have several undergraduate and
graduate students working with us. We're very

and Climate investigations, and we’re looking
forward to working with you.

Nearly everyone on our planet is interested,

at some level, in climate and climatic change. This is because any long-term change in
temperature or precipitation around the globe will ultimately affect us all. Many countries are
implementing education, information, and training programs to increase awareness of the
potential impacts of climate change. In order to detect long-term trends, we must improve our
monitoring of the global climate.

By making your daily cloud, temperature, and precipitation measurements, you are helping to
keep a finger on the pulse of our planet. You are involved in monitoring changes that take
place around the world. This is a big responsibility, but one that we are confident you can
handle.

When you measure environmental parameters and share your data with students worldwide,
you are gaining the knowledge and skills to make choices that will determine what kind of
world we leave for future generations.

We will keep you updated on what scientists are learning about our weather and climate, and
invite you to send us information about any discoveries you may make!

Again, welcome to GLOBE! And have fun!

Dr. Susan Postawko
University of Oklahoma
Norman, Oklahoma, USA

GLOBE™ 1997 Welcome-4 Atmosphere
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Meet Dr. Susan Postawko

Dr. Postawko:

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

I'm an assistant professor in the
meteorology department at the
University of Oklahoma in
Norman, Oklahoma. I'm
interested in weather around
the world as well as on other
planets, particularly Mars. 1
study what happened on Mars
during the early history of the
solar system and compare it to
what Earth might have been
like.

Mars has weather?

Mars has an atmosphere and
any planet with an atmosphere
has weather. Its atmosphere is
about 1/100th as thick as
Earth’s atmosphere and its
average temperature is below
freezing. But when we look at
Mars through telescopes, we
see cloud patterns that look
like cloud patterns on Earth.
Shortly after Mars was formed,
about 4 billion years ago, it
may have been a lot like Earth.
We see what look like dried-up
river beds on Mars and other
indications that water once
flowed on its surface. Maybe as
recently as three billion years
ago, Mars may have been more
like Earth. One of the things
I'm interested in is if Mars and
Earth started out alike, why did
they become so different?

In our solar system does liquid
water exist anywhere else other
than Earth?

Maybe on Europa, one of
Jupiters moons. There’s
compelling evidence that

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

Duplicate and
distribute to
siudents.

underneath an icy crust, which
may be tens of meters thick,
there is liquid water on Europa.
The reason we think there is
liquid water is because Europa
is incredibly smooth. Most
things in the solar system are
pockmarked with craters, but
Europa, from what we could
tell from the Voyager fly-bys,
has a relief of maybe a couple of
meters. That’s about it. It looks
as though when anything
higher than that forms on
Europa, some liquid from the
interior flows upward and fills
it in, and since it’s icy on the
surface, it’s pretty certain that
the liquid is water.

Soit’s kind of like a billiard ball in
terms of its surface.

Yes. The solar system’ a
fascinating place. You see some
of these other places and you
ask, ‘Wow! How did this
happen?’

What kind of data do you want
GLOBE students to collect and why?

I'm interested in rainfall and
clouds because they affect the
amount of sunshine that comes
in - the sun provides the
energy for the whole planet.
This is what drives life. We
need to know how much
sunshine is coming in and what
kind of clouds might be
reflecting sunlight away. The
clouds also tell us about how
much water vapor is in the
atmosphere and that helps us

GLOBE™ 1997
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understand the hydrologic
cycle, probably the most critical
cycle on Earth. How much
water is evaporating from the
surface? How much water is in
the atmosphere? How much
precipitation is there at any
point, at any given time?

Everybody talks about global
warming these days. The jury is
still out on exactly what we are
doing to the atmosphere, but
the truth is the climate of Earth
has always changed. There have
been times when it was colder

- and when it was warmer. We

need to understand those .
changes so we can adjust when
new changes come. Are we
going to have a new ice age?
What's that going to mean
about where people can live or
the crops we can grow?

You can identify the trends, but
can you identify what causes
them?

Not always. The Earth is a
complex system and scientists
must know a little of
everything—atmospheric
science, oceanography, geology,
biology, and everything else—to
really understand what’s
causing any one thing to
change. For a long time,
scientists studied only in their
own little niches. It has only
been recently that we realized
we can't really understand the
Earth in parts. So it is more
difficult to identify what’s
causing trends. It seems the
precipitation trend probably

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

causing it to get a little
warmer? Maybe carbon
dioxide is increasing in the
atmosphere. Or maybe it’s
something else.

Has there been any progress
about changing the weather?
Making it rain a little more over
deserts, for example?

That’s a controversial topic.
From the beginning of our
awareness of weather, people
have tried to change it. We've
tried cloud-seeding to make it
rain. We've tried seeding
hurricanes to help them die
out before they hit land. The
truth is that in most instances
we don't know if what we're
doing has any effect. We don't
know if seeding clouds really
helps them to rain or if they
would have rained anyway.

Have students helped scientists
collect this kind of data?

Absolutely. We're involved in a
program where students
around the Pacific have been
taking rainfall measurements
for the last three years. In the
Pacific, there’s a lot of ocean
and not a whole lot of land, so
any data we can get from
students is invaluable in
helping us understand the
changes in temperature and
precipitation around the
region. In fact, students
probably make almost 30% of
all of the observations that are
made around the Pacific.

has to do with the planet GLOBE: Tell us a little about yourself.
getting a little warmer. But then Where were you born? Where did
AN K, “Well, what ?
- - you can ask, ‘Well, what’s YOou grow up:
- N
§
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Dr. Postawko:

GLOBE:

Dr. Postawko:

I grew up in St. Louis, Missouri
and went to college at the
University of Missouri in St.
Louis. | was really interested in
astronomy, so | went into the
physics and astronomy
program. 1 was amazingly
unprepared to do that! My high
school didn have an extensive
math and science curriculum.
I'd always liked science, but 1
never liked math a lot. In
college, I saw the applications
of math in science and got
excited. I enjoyed it to the
point where | became a
teaching assistant in math,
which I never would have
dreamed of doing! I ended up
getting a bachelor’s degree in
physics and astronomy. My
interest in astronomy focused
on planets. As I contemplated
graduate school, one of my
professors told me to consider
atmospheric science programs
because they do planetary
atmosphere work. Sure enough,
[ went to the University of
Michigan in atmospheric
science. [ got my Ph.D. in
1983, and then studied the
evolution and atmospheres of
planets at the University of
Hawaii. In 1991, my husband
and I came to the University of
Oklahoma and now I'm in a
very traditional meteorology
department, which is fun. As
soon as the weather turns bad,
everybody runs to their cars to
chase tornadoes.

You chase tornadoes?

They chase tornadoes. I still
have this urge to go into the
cellar when there’s bad weather.
Everybody else here runs to

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

their cars. The graduate
students are threatening to drag
me out with them one of the
these days. Everybody and his
dog has a video camera. I'll
watch it on TV.

What happens when a tornado
starts chasing you?

Then you have basic problemnis.
Do you have any children?

No, but 1 have four dogs, five
cats and three birds.

What do you do for fun?

A lot of my fun tends to be in
science. [ like to go out in the
evenings with binoculars and
look at the constellations,
watch for shooting stars, try to
find the planets. My idea of fun
has changed dramatically since
we've moved to Oklahoma. In

Hawaii, I liked hiking, kayaking,

and scuba diving. Not much
scuba diving in Oklahoma. But,
it's an interesting state
otherwise.

You became interested in
astronomy in high school?

've been interested in
astronomy for as long as [ can
remember. | think in part it was
because my dad was interested
in looking at the constellations.
He'd read to me about planets
and things.

What were your attitudes towards
science in middle school and high
school?

[ enjoyed science. | struggled
through math because 1 didnt
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Dr. Postawko:

understand its usefulness. At
college, 1 got a little blue-haired
lady for an advisor. When 1 told
her that | wanted to major in
physics and astronomy, she
said, ‘Honey, you know that
takes a lot of math.” ‘Okay, 1
guess I'll take a lot of math if
that’s what [ have to do.’ She
thought [ wanted to major in
Spanish because [ took Spanish
in high school. ‘No, I don't
think I want to major in
Spanish.’

As a woman, did anyone try to
discourage you from pursuing
science?

Only that advisor. I don’t think
she had many women in
science. The truth is when |
hear women talk about the
obstacles they were up against,
[ really admire them for
continuing because I never
perceived anybody trying to
keep me from doing what 1
wanted to do. My parents

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

marvelous professors who
never implied that I should do
something else instead of
science.

If a genie suddenly appeared out of
a lamp and offered to answer any
question, what would you ask?

What was early Mars like? I've
spent years trying to figure that
out.

Can we find out without actually
going there, or do we have to go
there and do some digging?

[ think ultimately its going to
mean going there. Part of the
problem with sending remote
instruments is that they can't
see something that looks
unusual and test it. One of the
ways we learned so much about
the moon was the astronauts
there could actually look
around and determine what to
study.

always encouraged me to do GLOBE: As a scientist, do you recall the
what | wanted to do. I had greatest challenge that you met?
GLOBE™ 1997 Welcome-8 Atmosphere
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Dr. Postawko:

GLOBE:

Dr. Postawko:

GLOBE:

Dr. Postawko:

The fascinating thing about
science is that almost every day
you're doing something that no
one else has done before. You're
learning new things that no one
else has learned before. The
exciting thing about science is
not just big discoveries that you
might be fortunate enough to
stumble upon, but that every
day you're adding to
knowledge.

What are the rewards of science?

I think there are two things in
science that can be gratifying.
The first is finding out things
that help people in their daily
lives. Look around at the
technologies we use daily.
They're offshoots of somebody’s
science research. There is also
gratification in learning and
adding to the knowledge about
the Earth, the planets, and the
universe. You never know what
information might help a future
generation. When Isaac Newton
was coming up with calculus or
the theory of gravity, I don't
think he really knew how it
would be applied in later
generations, but now we use
that to send spacecraft to
Jupiter.

When you were growing up, did
you have heroes?

Astronauts. | wanted to be an
astronaut. [ thought they were
the coolest people around.

Dr. Postawko:

GLOBE:

Dr. Postawko:

Have confidence in yourself. Do
what you want to do. Don't let
anybody tell you that you're not
smart enough to do something,
because if 1 can get through
this, anyone can. You have to
follow your heart, you have to
follow what you're interested in
doing. If you really put your
mind to it, you can do it. That
sounds corny, and if somebody
had told me that as an eighth
grader, 1 would have said,
‘Yeah, right, sure. You don't
know what it like.” But it really
is true.

Do you have anything else you
want to add?

I hope that students do not
think that scientists sit in ivory
towers with no connection to
the real world. The real world is
science. Science is like a
mystery novel. You're always
looking for answers. Why did
this happen and why did that

happen? Students should have

fun with science.

GLOBE: Do you have any advice for
students who are interested in
Earth science?
GLOBE™ 1997 Welcome-9 Atmosphere
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Introduction

The Big Picture

“Everybody talks about the weather but no one
does anything about it!” This is an old cliché that
has been a complaint of people all over the world,
probably for centuries. Actually, someone is doing
something about the weather. Scientists around
the world are studying the weather everyday, and
now through GLOBE, your students can help! The
measurements they make will help us better
understand our planet’s climate.

There are many reasons why we study the
atmosphere. On a day-to-day basis we want to
know things like what the temperature will be so
we can decide what type of clothes to wear;
whether we need to take an umbrella with us when
we go outside; or if we need to wear a hat and
sunscreen to protect us from the sun’s ultraviolet
rays. Farmers need to know if their crops will get
enough rain. Ski resorts need to know if enough
snow will fall. People in areas struck by hurricanes
would like to know how many hurricanes to
expect in a given year. Nearly everyone would like
to know what the weather is going to be, not only
tomorrow or the next day, but six months, a year,
or even ten years from now! Atmospheric scientists
study not only what is going on with the world’s
weather today, but why it was a certain way in the
past and what it will be like in the future.

By weather we mean what is happening in the
atmosphere today, tomorrow, or even next week.
By climate we mean weather over time. For
example, in a certain city the current temperature
may be 25° C (this is weather), but if we were to
look at the weather records for the past 30 years
we might find that the average temperature in that
city on that particular day is 18°C (this is climate).
We also might find that over this 30 year period
the temperature in this city has ranged from as
high as 30°C to as low as 12°C on that particular
day. Therefore, the present temperature of 25°C
is not unusual.

When we study the history of Earth’s climate, we
notice that temperature and precipitation in any

given region change over time. For example,
images from certain satellites show that great rivers
used to run through the Sahara Desert. We also
believe that ice caps once covered parts of Africa
and that a shallow sea covered much of the United
States. All of these changes happened long before
people lived in any of these regions. If Earth was
so different in the past, can we predict what might
happen in the future?

Earth’s atmosphere is a thin layer of gases made
up of about 79 percent nitrogen, 20 percent
oxygen, and 1 percent of a number of other gases
(including water vapor and carbon dioxide). The
atmosphere is quite active and changesin one part
of the world are likely to result in changes in other
areas. Many scientists are concerned that burning
fossil fuels, such as coal and oil, puts so much
carbon dioxide into our atmosphere that it may
warm the entire planet. Burning also adds particles
called aerosols to the atmosphere and locally these
aerosols can more than offset the warming effects
of carbon dioxide and other gases. Burning fossil
fuels can also increase the amount of gases such
as sulfur dioxide and nitrogen oxides in the
atmosphere. Increases in these gases have been
linked to increasing acidity of precipitation, which
can affect plants, animals, water supplies, soils,
and structures. Although Earth’s climate varies
naturally, humans have the potential to affect the
climate at 2 much faster rate than natural changes
take place.

The consequences of climate change potentially
could affect every living thing on our planet.
International communication and cooperation is
vital to understanding and coping with the
possible effects of global climate change.
Measurements of environmental parameters are
necessary to monitor the present state of the
atmosphere and alert us to any changes that might
be taking place. Through the GLOBE program,
students will help scientists to understand
environmental conditions on Earth today and over
time, to determine if there are any changes.
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People often think that scientists know what is
happening in all parts of the world, but this is far
from true. There are many regions where scientists
have only the most general understanding of
environmental factors such as temperature and
precipitation. Even in regions where there seems
to be an abundance of data, scientists still do not
know how much these factors vary over relatively
short distances. The measurements that students
make through the GLOBE program will go a long
way in helping everyone understand more about
the world.

A Field View of the
Atmosphere Investigation

Although there are many aspects of the
atmosphere that are important to understand, the
fundamental measurements on which we will
focus are cloud type and cover, air temperature,
and precipitation amount and pH. A great habit
to develop is looking up at the sky every time
you go outdoors. Start to pay attention to what is
going on in the atmosphere. You might be
surprised at how much is happening!

Students will make cloud observations with their
eyes. One quantity they will estimate is cloud
cover, which ranges from zero (a totally clear sky)
to 100 percent (a completely overcast sky).

Another characteristic students will determine
with their eyes is cloud type. Scientists have
defined classes of clouds based on their
appearance and their altitude. Students may
already be familiar with some cloud types, like
tall thunderclouds called cumulonimbus, or the
wispy ice clouds high in the sky called cirrus. With
the help of the GLOBE cloud chart, students will
categorize each cloud as one of ten types.

The basic instrument for measuring temperature
is the thermometer, of which there are many types.
Special thermometers are available that register
maximum and minimum temperatures, that is,
the highest and lowest temperatures since the last
time the thermometer was reset. To measure the
temperature of the air, a thermometer should be
located in a well ventilated place out of direct
sunlight and away from local sources of heat.

Precipitation is relatively easy to measure. The rain
gauge is a simple container to catch rainfall,
combined with some means for determining how
much water has accumulated in it. It is important
that the gauge be located in an area that is not
blocked by buildings or covered with trees, as
these would influence the amount of rain that
could fall into your gauge. In regions where snow
falls, snow depth can be measured with a meter
stick. Water content varies greatly from snowfall
to snowfall, and therefore it also needs to be
measured. The pH of rain water or melted snow
can be measured using pH paper, a pH pen, or a
pH meter, depending on the level of the students.

Prior to the actual placement of the instruments
used in this investigation, read the section on
instrument placement in the Protocols section.
Then, with your students, take a walk around the
school grounds to locate the best places to site
the instruments. This activity will help assess the
students’ initial knowledge and will get them
thinking about the factors that can influence their
measuremernts.

Good questions to help get the students started
on determining the best places to take their
measurements would be:

v

* Where on the school grounds would you
see the most clouds? Where would you see
the least?

* Where on the school grounds would the
temperature be the highest? Why? Where
would temperature be the lowest? Why?
Are either of these two areas representative
of the entire school grounds?

* How could buildings affect the
temperature?

* Would there be a difference in
temperature between a grassy field and a
paved parking lot or playground? Why?

* Where would you put a rain gauge to
catch the most rain? Why? Is this the same
place where you would place a board to
catch the most snow?

As you walk around the school grounds, have the
students draw a map of the area. The youngest
students could just sketch the main features, such
as the school building(s), parking lots,
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playgrounds, etc. Older students should fill in
more detail, such as what the playground surface
is (e.g. paved, grassy, or bare ground). Have them
note any streams or ponds and indicate areas of
trees. They could measure the heights of buildings
and trees using the clinometer and techniques
given in the Land Cover/Biology Investigation and
note these on their maps. The goal is to have a
drawing of the school grounds so that when you
decide where to place your meteorological
instruments, students can locate them on their
map. This will allow the students to give a good
physical description of the area surrounding their
instruments. In subsequent years, the new class
of students can repeat this mapping to understand
why the specific locations were chosen.

Focusing on the Key
Science Ideas

In this section we will look more closely at the
scientific importance of each of the atmospheric
measurements that will be made as part of the
GLOBE program.

Clouds

Water is present in the atmosphere in the form of
gas (water vapor), liquid (rain drops or cloud
droplets), and solid (ice crystals or frozen rain).
Like most other gases that make up the
atmosphere, waler vapor is invisible to the human
eye. However, unlike most other gases in our
atmosphere, under the right conditions water
vapor can change from a gas into solid particles
or liquid drops. If temperatures are above freezing,
the water vapor will condense into cloud droplets.
If temperatures are below freezing, as they always
are high up in the atmosphere, tiny ice crystals
will form instead. Clouds are simply the visible
form of these crystals or droplets.

Which types of clouds you see often depends on
the weather conditions you are experiencing or
will soon experience. Some clouds form only in
fair weather, while others bring showers or
thunderstorms. The types of clouds present
provide important information about vertical
movement of the atmosphere at different heights.
By paying attention to the clouds, soon you will

be able to use cloud formation to forecast the
weather!

Everyone is aware of clouds, but not everyone is
aware of their importance to weather and climate.
Clouds play a complex role in the climate system.
They are the source of precipitation, affect the
amount of energy from the sun that Earth absorbs,
and insulate the Earth’s surface and lower
atmosphere. At any given time, about half of
Earth’s surface is shadowed by clouds. Clouds
reflect some of the sunlight away from Earth, thus
keeping the planet cooler than it would be
otherwise. At the same time, clouds also absorb
some of the heat energy given off by the Earth’s
surface and release some of this back toward the
ground, thus keeping the surface warmer than it
would be otherwise. Satellite measurements have

shown that, on average, the cooling effect of -

clouds dominates over their warming effect.
Scientists calculate that if clouds never formed in
Earth’s atmosphere, our planet would be nearly
30° C warmer on average.

Question for discussion: Find out the average
number of sunny days in each month for your
area, as well as the average temperature for each
month (consult an almanac or similar reference
book, or conduct a search on the World Wide
Web; after the first year, use your GLOBE data as
well). How do students think the temperature of
your area would be affected if the number of sunny
days increased or decreased?

Precipitation

Another vital measurement students will make is
precipitation. Precipitation refers to all forms of
liquid or solid water that fall from the atmosphere
and reach Earth’s surface. Liquid precipitation
includes rainfall and drizzle, solid precipitation
includes snow, ice pellets, hail, and freezing rain.

Our planet is a water planet. In fact, it is the only
planet in our solar system where liquid water
naturally flows on the surface. Nearly all life
depends on water. The water that ends up in the
atmosphere, only to be returned to Earth’s surface,
is a part of the larger hydrologic cycle. In this cycle,
water evaporates from the oceans and land, passes
through the atmosphere, falls to the surface as
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precipitation, and returns to the sea from the land
through rivers and other paths.

Precipitation is a vital component of climate. Where
it is scarce, deserts occur. Where it is abundant, there
is luxurious plant growth. Water sustains life.
Precipitation is critical to agriculture, fresh water
supplies, and, in some regions, power supplies.

One of the key roles of water on Earth is to transfer
heat from the tropics to higher latitudes. This is
done both by the movement of ocean waters
(currents) and by the movement of water in the
atmosphere. As energy from the sun reaches
Earth’ surface, it is more intense near the equator
than it is near the poles. That is the main reason
why it is warm in the tropics and cold in the Arctic

- and Antarctic.

_ Muich of the sun’s energy in the equatorial regions

is absorbed by oceans, causing water to evaporate.
This water vapor is now free to move in the
atmosphere. As it moves upward or towards
higher latitudes, the water vapor encounters
colder temperatures, and it begins to condense
(change from a gas to a liquid) and form clouds
and precipitation. When water changes from a gas
to a liquid, it releases heat into the atmosphere.
In other words, through the transformation of
water from a liquid to a gas, then back to a liquid
in the atmosphere, some of the sun’s energy is
transported from the equatorial regions towards
the polar regions.

By knowing where clouds form, and where, when,
and how much precipitation falls, scientists can
better understand where energy is being released
or absorbed in Earth’s atmosphere. This, in turn,
helps scientists understand the behavior of Earth’s
atmosphere.

Question for discussion: Find out the average
amount of precipitation in your area for each
month (consult an almanac or similar reference
book, or conduct a search on the World Wide
Web; once you have GLOBE data for at least a
year, include this as well). What do you think
would happen if all the precipitation occurred in
just one month? What would be the consequences
if the rain were evenly distributed throughout the
year? What if you got only half the amount of
rainfall in a given year? What if you got double

the amount of rainfall? What factors do you think
influence where and when rain falls?

Precipitation pH

Water moves through every living plant and
animal. The chemical composition of the water,
therefore, will affect all terrestrial and aquatic
ecosystems. Although normal precipitation is
slightly acidic (pH of about 5.6) due to the gases
which naturally comprise Earth’s atmosphere,
burning of fossil fuels releases gases into the
atmosphere which interact with water vapor and
form precipitation with pH below 5.6. This acidic
precipitation can directly harm plants over a long
period, but its most serious effect is weakening
plants so that they become more susceptible to
stresses such as cold, disease, insects, and drought. *
Acidic precipitation leaches nutrients out of the’
soil and also can release from the soil soluble
aluminum ions which damage tree roots. If these
aluminum ions are washed into lakes and streams
they can harm many kinds of fish.

In addition to adversely affecting life forms, acid
precipitation does great harm to structures. Acid
precipitation is known to enhance corrosion of
metals and contributes to the destruction of stone
structures and statues. In many regions of the
world, famous buildings and sculptures are
deteriorating at increased rates.

The acidity or pH of water can change as it moves
through the environment. When water first
condenses in the atmosphere, its pH is neutral or
7.0. Then, gases such as carbon dioxide and
particles from the atmosphere dissolve in the water
droplets, usually lowering the pH. As water flows
over the land surface or through soil, the pH is
changed by chemical interactions with the land.
The water then comes together in streams, rivers,
lakes, and eventually the oceans. In GLOBE,
students measure the pH of precipitation, soil, and
surface water.

Temperature

When we think of the difference between day and
night, between winter and summer, or between
the climate of a tropical region compared to a polar
region, we can easily imagine these differences in
terms of temperature.

GLOBE™ 1997

Introduction -4

Atmosphere

33



Q

ERIC

Aruitoxt provided by Eic:

Many factors affect temperature. One of the most
important factors is latitude. Scientists studying
the climate of our planet are very interested in
finding out if the temperature at different latitudes
is changing, and if so, is it changing in the same
way at all latitudes? Most computer models of
Earth’s climate predict that if Earth warms then
the polar regions will warm more than the tropics
(although the polar regions will always remain
colder than the tropics).

Together, temperature and precipitation have an
important impact on the types of plants and
animals that live in a certain area, and even on
what kind of soil forms there. The measurements
that students make for the GLOBE Atmosphere
Investigation are important to scientists who study
weather, climate, land cover, biology, hydrology,
and soil.

Questions for discussion: Find out the average
temperature for your area for each month (consult
an almanac or similar reference book, or search
the World Wide Web; once you have GLOBE data
for at least a year, include this as well). Is there a
variation in temperature from month to month?
If so, why do you think this happens? Do you
think that all places at your same latitude
experience the same temperature? Why or why
not? What factors do you think most affect the
temperature in your area?

Preparing for the Field

Choosing the location for your Atmosphere Study
Site and setting up your rain gauge and
thermometer shelter at this site will be your single
most time-consuming task in this investigation.
See the Protocols for complete instructions on
choosing the site and proper placement of the
instruments. Daily readings of precipitation
amount and temperature typically will take less
than 10 minutes (perhaps a bit longer for the
youngest students who may need more time to
study the numbers). The cloud observations may
take 5 minutes or so per day, depending on how
much class discussion there is on the cloud cover
and cloud types. Expect the cloud observations
to take longer when the students are first learning
how to take them. Again, the youngest students
may need more time. Depending on the method
used to take precipitation pH measurements, this
protocol will take from 5 to 15 minutes (longer if
the pH pen or meter has not been calibrated
recently).

All of the atmospheric science measurements need
to be taken on a daily basis, as close to the same
time of day as possible, to ensure easy comparison
of measurements made around the world. For
GLOBE, all atmospheric observations should be
made within one hour of local solar noon, and
the rain gauge should be emptied and the
thermometer reset during this two hour period as
well. See the box on how to calculate solar noon.
Does this mean that only classes that meet at that
time can participate? NO! Because these
measurements do not require much time to take,
students from classes that meet earlier or later in
the day can be assigned to take the measurements
during their lunch break. The key is consistency
in the time of day the measurements are taken.

A single student can read the rain gauge and the
thermometer. However, it is a good idea to have a
small group of students take these readings so they
can check each other. Readings could either be
taken by the group as a whole, or readings could
be made individually and then compared. If the
readings are made individually, the group must
remember to empty the rain gauge and reset the
thermometer when they are finished. Rotating
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groups through the class (or classes) on a daily or
weekly basis will give all students an opportunity
to participate. Having multiple groups take
measurements at different times on the same day
is discouraged because it opens the door to
confusion in emptying the rain gauge, resetting
the thermometer, and reporting the data.
Remember that when GLOBE gets a second data
report for the same Atmosphere Study Site on the
same day, the second report is viewed as a
correction and replaces the first one.

The estimates of cloud type and cloud cover are
subjective measurements, so the more students
involved in this task, the better. Each student
should take his or her own readings; then,
students should come to an agreement as a group.
Do not be surprised if your students initially have
difficulty with these estimates. Even seasoned
weather observers debate which type of cloud they
are seeing, or exactly how much of the sky is
covered by clouds. As your students get used to
these observations, they will begin to recognize
the subtle differences in cloud types.

/ How To Calculate Solar Noon
. Solar noon is the time when the sun appears to have reached its highest point in the sky during
the day. Solar noon is the term used by GLOBE. An astronomer, for example, would refer to the
same time as local apparent noon. Solar noon generally is not the same as “clock noon,” and
depends on your location within your time zone. Solar noon does occur, however, half-way
between your local sunrise and sunset. Therefore, an easy way to calculate your local solar
noon is to find a newspaper from a nearby town that gives sunrise and sunset times. Take the
é average of these times to find solar noon. First, convert all your times to 24-hour clock times
Ny by adding 12 to any pm times, then find the average of the sunrise and sunset times. (Add the
A3 . . . :
two times and divide by two.) This is the time of solar noon.
Example: 1 2 3 4
Sunrise (am or 24-hour
\\ clock are the same) 7:02 am 6:58 am 7:03 am 6:32 am
AN Sunset 5:43 pm 5:46 pm 8:09 pm 5:03 pm
=7 Sunset (24-hour clock) 17:43 17:46 20:09 17:03
Sunrise + Sunset 24 hr 45 min |23 hr 104 min{27 hr 12 min | 23 hr 35 min
Equivalent (so th?t the (unchanged) | 24 hr 44 min {26 hr 72 min | 22 hr 95 min
number of hours is even)
Divide by 2 12 hr225min| 12 hr 22 min {13 hr 36 min |11 hr 47.5 min
Local Solar Noon (rounded 1:36 pm
to the nearest minute 12:23 pm 12:22 pm or 13:36 1148 am
Vv~
Y "Ny e
=0
7%
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Overview of Educational
Activities

Student Learning Goals

Within GLOBE, students can enhance their
education through involvement in hands-on,

scientifically valid research. Student learning goals
for this module are:

* To observe and measure weather and
climate-related phenomena accurately and
objectively,

* To design and test students’ own weather
instruments as a way of understanding
how standard instruments work,

* To classify objects and events based on
similarities,. differences, and
interrelationships,

* To solve problems by experimentation,

* To interpret collected data and come to
sound conclusions,

» To explore and understand the
uncertainties inherent in any scientific
measurement,

* To communicate information learned
through their scientific investigations, and

* To develop models from data, patterns, or
relationships.

Concepts

The concepts which are covered in the protocols
and learning activities of this investigation are:

Composition of the atmosphere

Cloud formation

Condensation

Cooling and warming effects of clouds

Clouds are identified by their shape, altitude,
and precipitation characteristics

Relationship of clouds and changes in clouds
to weather

Effects of wind on precipitation
measurermert

Change of state

Density of snow

Factors affecting the pH of precipitation

Temperature

Heat

Convection

Conduction

Radiation

Heat transfer through radiation, conduction,
and convection

Conduction and convection are two key
forms of heat transfer

Different substances, such as soil, water, and
air, transfer energy and heat at different
rates

Heat capacity

Substances expand and contract as the
temperature changes

Liquid-in-glass thermometers work on the
basis of thermal expansion and
contraction

Using a simulation to explore the accuracy of
observations

Meniscus reading

Student Assessment

Students should be assessed using formative and
summative evaluation methods, which may be
either qualitative or quantitative in nature. Such
methods should reflect the development level of
your students. Various tools should be used to
assess the growth of students in the following
areas:
* concept mastery
* use of science process skills
« attitudes toward science, science classes,
and science careers
* higher level skills, including questioning,
identifying cause and effect, and
predicting
* applying concepts and process skills in
new situations
One way to assess students’ understanding of the
content and processes within the Atmosphere
Investigation is to monitor the daily data that
students record and submit. Is the maximum
temperature recorded always greater than the
minimum temperature? Is the current temperature
recorded equal to or between the maximum and
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minimum for the past 24 hours? In both instances,
the answer should be yes. If it is not, you should
suspect that either the students do not know how
to read the maximum/minimum thermometer or
they are unsure of what they are reading.

Another way to assess students’ understanding of
the protocols is to ask them to choose the
optimum placement for instruments when
presented with a variety of situations. What if your
school were in a city? What if it were in a heavily
wooded area?

The learning activities in this module are designed
to help students understand the protocols and the
instruments used to implement the protocols.
They also allow you to assess students’

*understanding of key concepts and skills. Students
may keep a log of their activities, give oral reports

to the class (or maybe even weather reports to
the school!), and write papers that could be
reviewed by other students.

Skills

The skills covered in the protocols and learning
activities of this investigation are as follows:

Broadly Applicable Science Skills

Observing carefully

Observing systematically over a period of time

Measuring

Reading a scale accurately

Collecting and recording data

Conducting an experiment

Constructing an apparatus for an experiment

Hypothesizing and predicting

Designing experiments

Organizing data in tables

Analyzing data

Graphing .

Correlating one observed phenomenon with
another

Communicating experimental results orally
and in writing

Communicating mathematically

Working effectively in a group

Specific Skills Associated with the
Atmosphere Investigation
Estimating simulated cloud cover
Estimating cloud cover
Observing and describing the appearance of
clouds
Estimating cloud height
Identifying the ten major cloud types
Recording and organizing cloud data in the
GLOBE Science Notebook
Using a rain gauge
Using a thermometer
Using pH measuring equipment
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All of the measurements below should be taken daily
within one hour of local solar noon.

Cloud Type Protocol
Students will determine the types of clouds in their skies.

Cloud Cover Protocol
Students will determine the cloud cover in their skies.

Rainfall Protocol
Students will use a rain gauge to determine liquid precipitation at

their study site.

Solid Precipitation Protocol

Students will measure snow and other forms of solid precipitation
at their study site.

Precipitation pH Protocol

Students will measure the pH of rainfall and melted snowfall at
their study site.

Maximum, Minimum, and Current Temperatures Protocol
Students will measure air temperature at their study site.

GLOBE™ 1997 Protocols - 1 Atmosphere
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How to Perform Your
Atmosphere Investigation

Study Site for the
Investigation

Loc atethe AtmosphereStud ~ y Site on or near your
schoolg roundssostudentsc  anhavedail yaccess
tothem. T heprec ipitation measurementsshould
bet akenwithinl 00 meters of the soil moisture

measurementsdesc  ribed inthe Soil Investigation.
Cloud Observation
Measurementsofc  loudamountandc  loud type

require an unobstruc  ted view of the sky . The

-middle of a sports field would be an excellent

location. T he site whereyout akeyourc loud
measurements does not have to be in the exac t
location of your rain gauge and thermometers.

To pick a good spot from whichtot  akec loud
measurements, simpl  y walk around your school
until you come to an area where you have the .
mostunobstruc  ted view of the sky

Ifyouliveinac ity, youmaynotbeabletofinda
completel yunobstruc tedviewofthesky . Totest
whether the site you pick is a good one, ask
yourself what would happen ifthe parts of the
skyyouc annotseewerecompletel  ycloudco vered
orcompletel yclear . Would this make adifference

in the measurements you repor t? A site is
satisfac toryifasmallpor tionoftheskyisblocked,

as long as that portion would not change the
measurementsyourepor  t.

Figure ATM-P-1

Instrument Placement

The ideal placement forboth the rain gauge (and/
orsnowb oard)and the instrument shelter, which

will house the thermometers, is a flat, open area

with a natural (e.g., g rassy) sur face. A void
buildingroofsand paved orconc  retesur facesif
atall possible; these can become hotter than a
grassysur faceandaffec ttemperature readings.
Hard sur facesc anc ause errorsinprec  ipitation
measurements due to splash-in. Also avoid
placing the instruments on steep slopes orin
sheltered hollows unless such terrain represents

the surrounding area. ' '

Donot place the rain gauge and instrument shelter
close tobuildings, trees, or high bushes. Nearby
objects can block the flow of air to the
thermometersandaffec  ttheamount of rain that
collects in the rain gauge.

Ideally the rain gauge and the instrument shelter

should be placed four times as far from an objec t
as that object is high. For example, if your site is
surrounded by trees or buildings that are 1 0

meters tall, place yourinstruments at least 40
meters from these trees. See Figure A TM-P-1. At
suchdist ances, trees, bushes, or buildings c an
break thewindandac  tuall y make your rainfall
readingsmoreacc  urate.

The instruments may be placed ona single post
with the rain gauge on the opposite side from the
shelterand above t, so that the instrument shelter

T

4 times height of tree

Distance to instrument shelter

\
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does not block rain from collec tingintherain
gauge. However, wind isone of the g reatest
contributors to errorsin rain gauge measurements
(windblowingac rossthetopofthegaugec  reates
aneffec tthatc ausesraindropstobedeflec  ted
around the gauge), and where possible, it is best

to place the gauge as low to the g round as
prac tical. This requires that the rain gauge be
mounted onaseparate post 3to 4 meters away

from the instrument shelterso that the instrument
shelter does not block rain from collec tinginthe
gauge. The instrument shelter should be mounted

on the side of the post away from the Equator
(ie.onthenor thsideintheNor thern Hemisphere
and on the south side in the Southern
Hemisphere).

Your students should draw amap ofthe loc ations
of the instruments. Include their placement
relative to nearby buildings, trees, and shrubs
usingnor th-south coordinates as well as their
distances to these objects. Also note the type of

sur face on which the instrumentsare placed. If it

was not possible to locate your instruments as

far from buildings, trees, or shrubs as requested

orif the areaaround the instrument shelterisnot

a grassy natural surface, information about the
relative loc  ations of possible obstruc  tions and
aboutthesur facematerialshouldberepor  tedto
theG LOBEStudentDat aServeraspar  tofdefining
your Atmosphere Stud  y Site.

Snowboard Placement

Placethesnowb oardonrelativel ylevelg round
where thesnow depth best representsthe average

depth of the surrounding area. For a hillside, use

the slope with an exposure away from the sun
(thismeansanor therl yexposureinthenor thern
hemisphere and a southerl  yexposure in the
southern hemisphere). T  hesite should be free
from trees, buildings and other obstruc tons that
mayaffec  twind flow orthe melting of snow

Determine Location

Onceyou have chosen the sitefor the instruments,
determine its coordinates with the G PS receiver
and submit your findings to the GLOBE Student

Dat aServer .

There maybe no such thing asanideal loc ation
for the atmospheric instruments on yourschool
grounds. Inthisc ase, makeeveryeffor  ttoplace
the instruments in as good a location as possible,
andrepor tallderivationsfromthespec  ifiedideal
(e.g. only 20 m away from 3 O m tall trees,

instrument shelter is set up overasphalt).

Note: Some schools may prefer to use automated
instrumeritsto measure temmperature. Information

ab out theinstruments used must be repor tedto
the G LOBEStudentDat aServeraspar  tofdefining
your Atmosphere Stud vy Site Automated
instruments require periodicrec  alibration. If your
school uses an automated instrument, you must
check its accuracy monthly by comparing it to

the readings produced by an instrument which
meets the GLOBE Instrument Specifications and
whichi islocated as close as possible to the sensors
ofyourautomated system.

uoppbpsanuj asaydsouny inop uLIOfidd 03 MOH
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_ Gloud Type Protocol

Purpose Key Concepts
To observe ¢ loud type at the school’s Cloud formation
?\@) AunosphereStud  y Site Composition of the atmosphere
* Cooling/warmingeffec  tofc louds
Overview ]
. I . . Skills
Cloud type is useful in climate studies and is o
related toprec  ipitation and air temperature. ldentifying cloud type
Recording dat a
= Time Observing carefull y
// > minutes Materials and Tools
a Level ' A[mosphere InvestigationDat ~ aW ork Sheet
All ~ GLOBE Cloud Chart
: , Observing Cloud Type (in the Appendix)
Frequency ~ Prerequisites
Daily within one hour of local solar noon None
o
\\Q How to Observe Cloud Type should use their best judgement and note their
From your ¢ 1oud-type observa[_ion Si[e‘ examine uncer[ain[y in the comment section and intheir
thec loudsinthesky .RefertotheG LOBEcloud | GLOBE Science Notebooks.
chart and the definitions found on the Observing .
Cloud Type sheetinthe Appendix to determine the Data Submission
N cloud type(s) present. Check a b  ox on the Report the following to the GLOBE Student Data
\\ N Aunosphere Dat  acollec tionsheetforeachc loud | Server
=7 tyfpe d;lat {oudobserve, Do notestimatetheamount Datcand timeofthec  loud-type observation
oteachcloudtype. in Universal T ime (UT).
Note: Insomeinst ances, it may bediffic  ultto Cloud type(s) observed (youc  anrepor tmore
distinguish between cloud types (e.g. altocumulus than one cloud type).
versus ¢ irrocumulus). Inthesec ases, students
Universal Time
Asimple way of thinkingab ~ out Universal T ime(UT)istoask“W hattume(ona24hourc  lock)is
, Q it now in Greenwich, England?” Since Greenwich is on the line of zerolong itude, thisisast arting
point for the globalday . At midnight in Greenwich, the UT is 0:00. In recent history, UT was
calledG MTforGreenwichMeanT  ime.
Vv o~
oy -
= o
7%
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Purpose Key Concepts

Toobserve cloud coverat theschool Aunosphere Cloud formation

Study Site Composition of the atmosphere

Cooling/warmingeflec  tofc louds

Overview

Cloud type is useful in climate studies and is Skills

related toprec  ipitation and air temperature. Estimating cloud cover

Recordingdat a

Time Observing carefull y

> minutes Materials and Tools

Level Atmosphere InvestigaionDat ~ aW ork Sheet

All Prerequisites

None

Frequency

Daily within one hour of local solar noon
How to Observe Cloud Cover moreblueskythanc  louds,thenthec loudco ver
Takethec loud co ver measurementsat the same isconsideredtobesc  attered. If you see more
siteand timeasthec  loud-type measurement. cloudsthan youdobluesky, thenthec loudco ver
Cloud co vershouldberepor  ted according to the isbroken.
following cloud-cover classification definitions: Data Submission
Clear Record on the Atmosphere Investigation Dat a

The sky s cloudless or clouds cover less than one-
tenth of thesky . (Sinceac learskyc aninc lude

somec louds, it is possible torepor  tcloud type
even whenyourepor  tac learsky .)
Scattered Clouds

Clouds co ver one-tenth through five-tenths of the
sky.

Broken clouds

Clouds co ver g reater than five-tenths through
nine-tenths of the sky

Overcast

Clouds co ver more than nine-tenths of the sky
Note: Even experienced observersc ~ an have

diffic ulty acc uratel y differentiating between
scatteredc loudsand brokenc louds. If yousee

Work Sheet one of thefourc  ategoriesofc  loud
cover each day,and repor  tyour findings tothe
GLOBE Student Dat aServer .

GLOBE™ 1997
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Rainfall Protocol

Purpose

To measure rainfall at the Atmosphere Stud y
Site

Overview

Climate studies and Earth systems studies
require acc urate, long-term rainfall
measurerments.

Time

5 minutes

Level
All

Frequency
Daily within one hour of local solar noon

Key Concepts

Condensation

Effec ts of wind onprec  ipitation
measurement

Menisc ustreading

Skills
Using a rain gauge
Recordingdat a
Readinga scale

Materials and Tools
Rain gauge
Atmosphere Investigation Dat
Pens or pencils

Carpenter’slevel
Wood post (typic allyab out10cmx10cm)

Screwdriver
Postholedigger
Preparation

Placement of the rain gauge

aW ork Sheet

Prerequisites
None

Background

Rainfall is defined as the depth of water that
crossesahorizont  alsur faceo verag iventime
period. Y ouc andetermine the rainfall by reading

the value in millimeters on the measuring scale

that correspondsto the water level. Note that this

is an expanded scale (i.e., if you hold a rulerup

to the scale on the center tube, the distance
between the markings on the center tube are not

the same as on the ruler). This is because the
collec tion area of the gauge funnelis 1 Otimesthe
cross-sec tionareaofthecentertube. T hisrequires
that the markings on the inner tube appear larger

1. The funnel, which is attached to the
measuring tube;

2. Themeasuringtube, whichisasmall
cylindrical tube having a uniform diameter
and a graduated scalelocated on the side
of thetube;

3. Theo ver flowtube, whichisalarge
cylindrical tube designed to catch any
overflow of rain during periods of heavy
rainfall; and

4. A mounting bracket.

Insert the measuring tube into the overflow tube
and then insert the funnel into the measuringtube

sothe amount ofrainc  anberead direc tlyfrom andthe overflow tube.
the markings.

Fasten the mounting bracket to a wood post
How to Place the Rain Gauge having awidth appro  ximatel y that of the rain
Studentswill useast  andard rain gauge consisting gauge. Fasten the bracket so that the top of the
of fourpar ts. Seethe Figure A TM-P-2. rain gauge extends 10 cm above the top of the
GLOBE™ 1997 Protocols - 6 Atmosphere
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Figure ATM-P-2
SauS
E —y|~a—— funnel
— meastring tube
ja—— overflow tube
wood z
post

wood post. If possible, cut the top of the post ata
45 °angle tolessen the chance that rain will splash
into the rain gauge.

The mounted and placed rain gauge should be

level. T hisc anbecheckedbyplac  ingac arpenter’s
levelac rossthetop of the funnel in twodirec tons,
onec rossingthe other at right angles.

How to Measure Rainfall

1. Oncetheraingaugeisloc  ated properl v, it
mustberead dail  y within one hour of
local solarnoon.
2. Whenstudentsread the measuringsc ale,
make sure their eyes are level with the
water in the measuring tube and that they
readtheb ottomofthemenisc  us.
3. Aftereach measurement, they should
empty the water from the measuringtube
into the clean beaker or jar for the pH
measurement by inver  tingthetubeand
allowingit to drain. Then they should
reassernble and remount the rain gauge.
Record the date of the measurement, the
UT time of the reading, the depth of
rainfall in millimeters, and the number of
days rain hasaccumulated on the
Atmosphere  Investigation Data Work Sheet.
During periods of heavy rainfall, the rain water
may exceed the capacity of the measuring tube
and flow into the overflow tube. In this case, the
level in the measuring tube should be noted and
the tube emptied. Then the water in the overflow
tube should be measured by pouring the water
fromtheo ver flow tube into the measuring tube
and noting the water level. Thismay have to be

tube. T he resultingdepths should then be summed
to determine the overall depth.

Even if it has not rained, students should check
therain gaugedail ~ ytomakesure that itis free of
debris (windblown leaves, twigs, papers, etc.).
Clean the rain gauge after each reading, rinsingit
with distilled water .

Bring the rain gauge indoors when the
temperature falls below freezing to prevent the
plastic gaugefromc  racking. T he o ver flow tube
can be left outside during periods when the daily
temperaturerangesfromab ~ ovetobelowO °Cand
both rain and snow are possible.

Data Submission

Report the following information to the GLOBE - -
Student Dat a Server:

Date and time of day of the data collection
(inUniversal T ime) ;

Amount of daily rainfall (in millimeters)

*Number of days rain has accumulated
For days when there is no rain, place azeroin
the rain water in rain gauge column. On days when
water in the rain gauge is accidentally spilled or
the measurement is lost for some reason, enter
the letter “M” (for missing) for the daily rain
amount. It is important that a missing value is
recorded rather than a zero. (Itis a common

mist ake to substitute zeroes for missing values
Thisleadstoerroneousanal ~ yses.)

On days when there s rainfall but the amount is

less than 0.5 mm, enter the letter “T” (for trace)

for the daily rain amount.  This tells us that
extremel y light rainfall occ urred. For some
researchitisimpor tanttoknowonl ythatit rained
and not theamount.

Itisimpor tanttot akedail y readings of rainfall.
Inthesec ases,repor t 1 forthe number of days
rainhasacc umulated. Ifitis not possible to read

the gauge for several days, you must repor tthe
number of days since the gauge was last read or
emptied. Y oumust repor t the number of days
evenifthereadingiszero. T  hus, forexample, if
you emptied the rain gauge on Friday, missed
reading the raingaugeon  Saturday and Sunday,

done several times n order toempty theo verflow | but readit on Monday, enter 3 days for Monday
alongwiththeac tual reading,
GLOBE™ 1997 Protocols -7 Atmosphere

104

IIofupy

sjodooid [\ uomonpenul [\

7

SWIOIBAR

xjpuaddy [\ sapianoy Supuseay/\

\



. Solid Precipitation

\

&
UL

V4 2
Ry =
= oy

)

Protocol

Purpose Key Concepts

Tomeasuresolid prec ~ ipitationat the Changeof state

Atmosphere Stud  y Site Heat capacity

Overview Density ofsnow

Climate studies and Earth System studies Skills

requireacc urate,longtermsolid prec  ipitation Readinga scale

measurements, Recordingdat a

Time Materials and Tools

5 minutes Meter stick (If your snow tends tobe

deeper than one meter, you will need a
Level longer measuring pole.) '
All Snowb oard
Prerequisites

Frequency Nome

Daily within one hour of local solar noon.
Background How to Measure Solid Precipitation
Asnowb oardisathin, flatsur facethatrests on 1. Foryour first snowfall, insert the
top of earlierlayers of snow . New snow falls on measuring stick vertically into the snow

topofitandc anbemeasured withthe measuring

stick. Theb card maybemadeofthinpl ~ ywood (1
cmor3/8”). T heb oardshouldbeatleast4  Ocm
by 4 0 cm insize so that more than one snow-
depth measurement ¢ anbe made. Mark the
locationofthesnowb  ocardsothatitc anbeeasil y
locatedafterithasbeenco ~ veredbyanewsnow  fall

Inmost cases ameter stick will be adequate to
useasthe “measuring pole”. However, inreg ions
where the 24 hour snow  fall and/or snow
acc umulatedontheg  round throughout the winter
exceeds 1 meter, alonger measuring stick will be
necessary . Inthesec ases,ameasuring polec
made by taking a straight piece of wood and
carefull ymarkingoffleng thsusingaruleranda
permanentmarker . Thepolemaybepermanend  y
installed as itis often diffic  ultto pushapole
ver tically through more than 1 meter of snow

anbe

untilitrestsontheg round’ssur face. Be
careful not to mistake an ice layer or crusted
snow for the ground. Repeat the

measurement inseveral places where the
snowisleastaffec  ted by drilting. Ifthere is
nonew snow, enter 0. If the measured

depthis between O and 0.5 millimeter,

enter the letter “T” (for trace).

2. Placethesnowb  oard ontop of existing
snow and push genitly into the snow so
thatitssur face isflush with the snow’s
surface. Place a flag or other marker
nearbytohelpyouloc  atethesnowb oard
after the next snowtall.

3. After anew snow has fallen on earlier
snow, gentl yinser tthe measuringstick
into the snow untilit touches the
snowb oard. T ake several measurements at

differentspotsonthesnowb  ocardand
average these measurements. T his will be
GLOBE™ 1997 Protocols - 8 Atmosphere
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your depth of new snow on the
snowb oard.

4. Measuretot aldepthofsnowonthe
ground at the same time as the dail y
acc umulation. T he procedureis the same
as for measuring the first snowfall: insert
the measuring stick vertically into the
snow in several places (not in the area of
thesnowb ocard)andt aketheaverageof
the depth readings.

Determining Liquid-Water Content of
Daily Solid Precipitation

Notall snow falls are alike. Some are light and
fluffy while others are wet and heavy .Thedail y
liquid equivalent of solid prec  ipitation is
determined by melting a sample of snow and
measuring the volume of the water

For this measurement, acollec  tioncont aineris
necessary . Whenoutside temperatures are below
freezing, the plastic rain gauges used for liquid

prec ipitation measurementsmayc  rackandbreak,
sothey should be brought indoors. However, the

large, 0 ver flow ¢ ylinder of the rain gauge makes
anideal container to collect snow todetermine
liquid-water content.

1. Once youhave measured the depth of
dailysnow fallonthesnowb oard,t akethe
large ¢ ylinder from the rain gauge and
inver titonthesnowb oard, pushingthe
cylinderdownc arefull ysothat it touches
theb oard'ssur face. lf the depth of snowis
greaterthanthedepthoftheo  ver flow
cylinder, you may compac  tthe snowin
the ¢ ylinder . Indoing this, bec  areful that
you are not pushingsnow out of the path
of thec ylinder . Ifthe snowis too deep,
youmay not be able to compact the snow
into the cylinder asa single sample.

Method A

Ifyoursnowb oard isnotlarge or heavy,

holdthec ylinderagainsttheb  ocardand

inver tbothsnowb ocardandthec ylinder .

This will cause the snow outside the

cylindertofallofftheb  oard,sobesure

you've made your depth measurement

first. The snow trapped in the cylinder

cannow be taken indoors.

Method B

Ifyoursnowb oard is too big or heavy to

turn o vereasil y orif the snow column,

even when compacted, will not fit into the

cylinder, you will have to transfer the

snow into the cylinder or other container

by hand. Carefull ylift the ¢ ylinder off of

theb cardandyoushouldhaveanice =" "~

circle of snow in the shape of the ¢ ylinder .

Carefull yscoop the snow from within this

circleintoyourc ylinder or other

cont ainer .

2. Once the snow isinside the cylinder or

other cont ainer, bring it indoors and allow

itto melt. Place a cover over the container

to prevent evaporation.

3. Whenthesnowhasmelied,c  arefull ypour

the water into the measuring tube of the

rain gauge and read the depth of waterin

the same way you read the rainfall.
Itis possible that an overnight snowfall may melt
beforethedail y prec ipitation measurementis
made. If you have left your overflow cylinder
outside, youc anstill repor ttheliquid water
equivalent of your snowfall. Enter “M” for Daily
depthofnewsnowand 0.0mmforT = otaldepth
ofsnowontheg round.Inc aseslike thesea
messagec  anbeentered under comments
noting that snow fell and melted or blew away
Ifyouhave measured the depth of snow before

Dependingon the size of your snowb ocard it melted, this could also be repor ted under
andthedepthofsnow  fall, there areat comments, along with the time younade the
least twowaystogetthatc  ircleofsnow measurement. Remember that measurements
intoyourc ylinder . repor tedintheregularsec  tionofthedat asheet
should be the measurements t aken within one
hour of local solar noon.
GLOBE™ 1997 Protocols -9 Atmosphere
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‘ % Setting Up for the Next Measurement

After you have completed your snow observation,
cleanthesnowb  oard and again place it flush on
thesnow’ssur face

Data Submission

= Report the following information to the GLOBE
_\(% StudentDat a Server:

Date and time of data collection (in Universal
Time)
Total depthofsnowontheg  round (mm)
: Daily depth of new snow (mm)
Number of days snowhasaccumulatedon -
/ thesnowb oard
7 The depth of water from the melted snowon
Co ‘the snowb oard {(mm). :
Note: If snow has fallen but, for some reason,.
measuremnentsc  annotbet  aken (forexample, the
snowb oard has blown away or someone
acc ident allyc leared it before a measurement could

‘ be taken) then enter the letter “M” (for missing).
4 Thetot alsnowdepthc anstillberepor ted.

Ondays whenthesnowfallis sosmall thata depth
cannot be read, enter the letter “T” (for “trace”)
for the daily snowfall.

Itisimpor tanttot akedail yreadingsofsnow fall,
but if this is not possible, then, if the snowfall has

not been measured for several days (for example
overthe weekend), enter the number of dayssince
thesnowb oard waslastc  leared along with the
amount of snowfall. This indicates that the
measured amountwascollec  tedo vermore than
a24-hourperiod. Thus, forexample, if you missed
reading thesnowb  oard on Saturday and Sunday
but read it on Monday, you would enter 3 days
forMondayalong withtheac  tualreading.
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Precipitation pH Protocol

Purpose

To measure pH of rain and snow

Overview

The pHofprec ipitationaffec tsthereg ionon
which it falls. Acidic precipitation can affec t
vegetation, buildings, statues, and change the

pH of water in surface water bodies or in the

soil.

Time
_Sminutes fqr ac  tual measurements
5 minutes to calibrate the pH pen or pH
meter ' -

Level
All

Frequency

For rainfall: Whenever you have accumulated
atleast 2 mm of rainfall in your rain gauge

For snowfall: Whenever there has been enough
new snowfall such that you can collect snow
which has not been in DIRECT contact with
the g round or withyoursnowb  oard and this
snow, whenmelted, produces atleast 20 mi of
liquid.

Key Concepts
Factorsaffec tingthepHofprec ipitation

Skills
Using pH measuring equipment
Recording dat a

Materials and Tools

pH measuring equipment (pH indicator
paper for beginning; pH pen for
intermediate; pH meter for advanced
level students; plus necessary
calibration materials)

Raingauge

Snowb ocard

100mL beaker

Preparation

Read and be familiar with Hydrology
Investigation pH Protocol. If your students are at
theintermediate or advanced level, make sure

your pH pen or pH meter has been conditioned

and ¢ alibratedaccordingtotheinstruc ~ tionsin
that protocol.

Prerequisites

None. Although the equipment used in this
protocol is the same as that in Hydrology
Investigation pH Protocol, you do not need to be
making pH measurerments at a water sample

site in order to make prec  ipitation pH
measurernents.

Beginning Students: pH Indicator Paper

Itisquickestand easiesttot ~ akeac lean, drybeaker
and pH paper with you to your rain gauge site
and make the pH measurement immediatel
reading and recording the rainfall amount.

1. Useac lean,dryl 0OmLbeaker .

2. After reading and recording the amount of
rainfall in your rain gauge, if there has
beenatleast 2 mm of accumulated

yafter

rainfall, pour the rain water into the
beaker . Ifthere has been alarge amount of
rainfall, youneed only fill the beaker
ab out half full with the rain water

3. Dip onestrip of pH indicator paper into
the rain water in the beaker and hold it
thereforab out20seconds. Make sureall
of the colored segments of the paper are
immersed in the rain water
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4. Remo ve the paper fromthe waterand
comparetheresult  ant colorsegmentswith
the chart on the pH indicator paper box.
Try to find asequence whereall color
segments on the paper match all segments
on one of the stripes on the box.

5. lfthereadingisunc  lear, the paper may
need moretimetofull yreac t.Placethe
paper back in the rain water in the beaker
foranadditional 20 seconds, then repeat
steps4and 5. Repeat until you are

satisfied that the readingisacc ~ urate. If,
after 2 minutes, the reading s still unc lear,
startallo verwithanewstrip of paper . 1f

the test fails asecond time, indicate this
on your Atmospheric Investigation Data
Work Sheet. ° '

6. 1fyouaresatisfied that you have a good
pH reading, record the pH value on the’
Atmosphere InvestigationDat ~ aW otk
Sheet.

7. Ifyouhave had enough rainfall, repeat
Steps 2 through 5 asa quality control
check.

8. Repor tyourmeasuredpHtothe G~ LOBE
StudentDat aServer

9. Regardless of whether ornot it has rained,
your rain gauge must be thoroughl y
scrubbed using distilled water and dried at
least once perweek. An  y foreign material
inyourraingaugec anaffec tyourpH
reading D ONOTUSESOAPOR
DETERGENTS IN YOUR RAIN GAUGE
AS RESIDUES CAN AFFECT YOUR pH
READING!

Intermediate/Advanced: pH pen/
PpH meter

Step 1: Conditioning and calibration of the pH
pen or meter

Followthe instruc tionsin Hydrology Investigation
pH Protocol for conditioningand ¢ alibration of
your instrument.

Step 2: Measuring the pH of the collected
rainfall

Takeyourc alibrated pH penormeterandac

dry beaker with you to your rain gauge site, and
make your pH reading immediatel ~ yafterreading
the rainfall amount.

1. Priortoleavingthec  lassroom,remo  vethe
capandrinsetheelec  trodeandthe
surrounding area of your pH pen or meter
with distilled water . Blot thearea dry with
asoft tissue.

2. Obtainac lean,dry1 00mLorlarger
beaker,andt akeit, aswellas your pH pen
or meter, with youto the rain gauge site. -

3. Atthe rain gauge, read and record the
amountt of rainfall.

4. Ifthereisatleast 2 mm of rainfall in your
gauge, pour the rain water into the beaker
If there has been a large amount of
rainfall, you need only fill the beaker
ab out half full with rain water

5. Immersetheelec trode of your pH penor
meter in the water in the beaker .Besure
that theentireelec  trodeisimmersed but
avoid immersingitany further than
necessary . If youdonot have enoughrain
waterto completely immerse the
elec trode, do not make a rainfall pH
measurement.

6. Stir the rain water once with the pH pen
ormeterand then let the display value
stabilize.

7. Oncethedisplayvalueisst  able,read the
pH value and record it on the Atmosphere
InvestigationDat  a W ork Sheet.

8. Ifyou have enough rainfall left in your
gauge, repeat steps 4 through 7 for
another sample asa quality control check.
ThetwopH valuesshouldag  reeto within

lean,
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0.2 (which is the accuracy of this
technique). If they do not, make a third
measurement with anew sample of rain

water (if thereissuffic  ient water inthe
gauge). Ifthereisnotsuffic  ient rain water
fora third measurement, donot repor ta
prec ipitationpH valuetothe G LOBE
Student Dat  a Server, and recheck the
calibration of your pen or meter before

your next measurerment.

9. Ifyou only have enough rain water to
makeasingle pH measurement, repor t
thispH valuetothe G LOBEDat a Server .

10. Ifthereis enough rain water for two
separate measurementstobe made, and

thesemeasurementsag ~ reetowithin0.2,
repor t the average pH valuetothe G LOBE
Dat aServer .

11. Ifyou had enough rain water to make
three ormore pH measuréments,t ~ akethe
average of the pH values measured. If all
recorded values are within 0.2 of this
average,repor  ttheaverage value tothe
Student Dat aServer .Ifthereisonl yone
outlier (a value that is far different from
the rest), disc ard thatvalueandc  alculate
the average of the other values. If they are
all now within 0.2 of this new average,

repor tthisnewaveragetotheDat  aServer,
with thenot ation that 3 or more
measurements were made (even if all

three measurements were notinc ludedin

theaverage pHvaluerepor  ted). Ifthereis
awidesc atterin pH readings, donot

repor tavaluetotheDat  aServer . Check
the calibration of your instrument and

disc uss procedure and potential sources
oferror .

12. Rinse the pH pen or meter with distilled
water, blot it dry with soft tissue, replace
the ¢ ap on the probe, and turn off the
instrument.

13. Regardless of whether or not it has rained,
your rain gauge must be thoroughl y
scrubbed using distilled waterand
completely dried at least once per week.

Any foreign material in your rain gauge
canaffec tyourpHreading D ONOTUSE
SOAP OR DETERGENTS IN YOUR RAIN
GAUGE AS RESIDUES CAN AFFECT
YOUR pH READING!

Collection of Snow for pH Measurement

Although you may be measuring the depth of
snowfalland its liquid waterequivalent, you need
tobeabitmorec  arefulincollec tingsnow tomake
yourpH measurement. T hesnowb oard thatyou
use forsnow depth (see  Solid Precipitation Protocol)
maysit out for quitea while before thereis ac tually
anysnow onit. Thus, material like leaves or soil
maycollec tontheb ocard W henyout akea“ core”
of snowfromthesnowb  oard todetermine liquid
water equivalent, the snow at the bottom (that is
indirec tcont actwiththeb oard)mayhavereac . - ted
withthematerialontheb  oard(ortheb oarditself).
Whatwereall ywanttomeasureisthe pH ofthe
snowitself . Therefore, if you are goingto measure

snow pH, you will need to gathera second sample

of snow in addition to the sample gathered to
determine liquid water equivalent.

For the pH snow sample, you want toalso take a
coreof snow fromthe snowb  oard. However,you
don't want to goall theway downtothe b oard
itselfifyouc anhelpit. T hereasonyouwantto
take acore rather than just scooping snow off the

top is because the pH of the snow may change

the longer the snow falls. What we want to get is

the average pH of the snowfall. Thus, we wanta
coreof snow, butstoppingjustshor ~ t of getting all
thewaydowntothesnowb  oarditself .Inorderto
obt ain enough snow to produce at least 20 mL of
wateroncethesnow melts, youmay collect several

cores from otherloc  ations onyoursnowb  oard.

Anyclean,dry,deepcont  ainer (glass or plastic)
can be used to collect the snow sample for the

pH measurement. Once you have collec ted the
snow,t akethecont ainerinsideandco verit.Let
the snow melt at room temperature.

Whenthesnow hasmelted youareread ytomake
yourpH measurementasdesc ~ ribedinthesec tions
above using the melted snow instead of the rain

water and t aking the measurement in the
classroom instead of at the Atmosphere Stud ySite.
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Maximum, Minimum, and
Gurrent Temperatures Protocol

Purpose

Tomeasure air temperature at the Atmosphere
Study Site

Overview

Climate studies and Earth systems studies
require acc urate, long-term air temperature
MeasureITents.

Time

" Sminutes
Level
All

Frequency
Daily within one hour of local solar noon

Key Concepts
Heat
Temperature
Convection
Conduction
Radiation

Skills
Usinga thermometer
Recordingdat a
Readinga scale

' Materials and Tools

One maximum/minimum thermometer

Aninstrument shelter

Asecond thermometer for calibrating the
maximum/minimurm thermometer

Atmosphere Investigation Dat ~~ aW ork Sheet

Prerequisites
Nore

Background

The maximum/minimum thermometer is a U-
shaped tube with two indices that indicate the
maximum and minimum temperatures. See Figure
ATM-P-3. Onthe maximums ide, the temperature
scaleissuchthattemperatureinc ~ reasesasyougo
from b ottom to top (as with household
thermometers). On the minimum side, the scale
shows temperaturedec  reasingasyou go from
bottomtotop. T hus,asthetemperatureinc  reases,
theindic atoratthetopofthemerc  ury column
on the maximum side of the thermometer is
pushedupward. W henthetemperature drops, the
indicator remains in place to indic  ate the
maximum temperature. Similarl vy, as the

Figure ATM-P-3: Maximum/Minimum Thermometer

temperaturedec  reases, theindic atorab ovethe

merc ury column on the minimum side is pushed

upward. W henthe temperature againinc ~ reases,

thisindic ator remainsinplacetoindic  atethe

minimum temperature.
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Note: The merc ury pushes the b ottom of
indicators until the maximum or minimum
temperatureisreached. T herefore, students read
the maximum and minimum at the bottoms of

the indicators.

Ifyour thermometer has a Fahrenheit sc ale, paint
overit so that students will not read it by mist ake.
Note that the thermometershown in Figure A T™-
P-3 has a Fahrenheit sc  ale which should be
painted black.

Before using your maximum/minimum
thermometer, make sure that the column of
merc ury is continuous bec  ause it sometimes
separates into segments duringshipping. If there

are gaps in the merc  ury column, g rasp the
thermometer by the ¢~ ase, making sure the -
thermometerisinan upright position, and shake

the ¢ ase until themerc  ury formsa continuous
column. Do not press against the stem of the
thermometerasthiscouldc  ausebreakage.Y ou
may need to tap the bottom of the thermometer
against the palm of your hand as well.

Calibration
Your maximurm/minimum thermometershould be
calibrated uponinst  allation and again every six

months after inst allation. (More frequent

calibration may be required if you find the ¢ urrent
temperature does not read thesame onb othsc ales
or,ifatsomepoint,themerc  ury column becomes

discontinuous and needs to be fixed. See above.)

To calibrate the maximum/minimum
thermometer, you should compare it with a
calibration thermometer . The c alibration
thermometer will be a typical, liquid-filled, single-
tube thermometerthatc  anrecord temperatures
at least as low as -5 °C. The calibration
thermometeritself must first be tested foraccuracy

by placing it inan ice-water bath.

1. Prepareamixtureofonepar  tliquid water
to one part crushed ice.

2. Allow theice-water bathtosit for 10to 15
minutes soit reaches its lowest
temperature.

3. The bulb of your calibration thermometer
should then be placed in the bath. Gently

mo ve the thermometer around in the ice-

water bath so that it will be thoroughl y
cooled. T hethermometershould read
between0.0and 0.5  °C.Ifitdoesnot, use
another thermometer

4. Onceyouareconfident of the acc urac y of
your ¢ alibration thermometer, hangitbya
hook in the instrument shelter . See
instructionsbelow  for placing the
maximum/minimum thermometer

5. After 24 hours, compare the temperatures
onb oth thermometers. If they differ, the
maximum/minimum thermometer should
bec alibrated to the temperature of the
calibration thermometer . Adjustthe
temperaturesc  alesonb othsidesof the
thermometer by loosening the small sc rew
located in the back of the thermometer
Oncethissc rewisloosened, thesc = alesc an
slide up or down independently of each
other .

Placing the Maximum/Minimum
Thermometer

Mount the maximum/minimum thermometerin

the instrument shelter so that there is air flow all
around thethermometerc  ase. T hethermometer
shouldbeatt ached toblocks onthe rear wall of
the shelter so that no part of it touches the walls,
floor, orceiling of the shelter . Thethermometer
mustbel Smetersab ovetheg round or0.6meters
above the average maximum snow depth,
whichever is higher . The shelter protec
thermometer from radiation from the sun, sky,
ground, and surrounding objec  ts, butallows air
to flow through so the air temperature inside the
shelteristhe same as the air temperature outside
theshelter .

tsthe

The instrument shelter should be mounted ona

post thatissec uredintheg roundasfirml yas
possible so as to eliminate vibrations caused by
strong winds. V ibrations ¢ an displace the
indicators on the maximum/minimum
thermometerandthusc  auseerroneous readings.
The shelter’s door should face nor th in the
Nor thern Hemisphere and south in the Southern
Hemisphere to reduce exposure of the
thermometertodirec  tsunlight when the dooris
openforthedail ymeasurement.

GLOBE™ 1997

Protocols- 15

b-a

Atmosphere

| o)
Do

saImpIadwa] JUBLIND PUD ‘WINWIUIN WHWPDOW -

2LUOIBAR /

'$]00}01d / \ " ueipnponuj [/ \

xipusddy / \%gmm‘g ﬁugmmy\

\



I'd
44

R

Ny -
= o

7%

The instrument shelter should conform to the

spec ificationsg iveninthe GLOBE Instrument List
in the Toolkit sec tion of this guide. It may be
construc ted usingtheplaninthe T oolkit. It should
be painted white both inside and outside. Thelock

isto preventt ampering with the instruments.
Mounting blocks should be installed on the
interior to ensure that the maximum/minimum
thermometer does not touch the back wall. The
doorishinged on the right side (this is not shown
inthediag ram.T he par tsshould besc rewed
together . The plansarespec  ified in metric units.
Seethe T oolkit fordet ailed shelter construc ~ tion
plans.

Once the shelter is in use, occasionally dust its
insidewithadryc loth.

How to Measure Air Temperature

1. Assignateam of studentsto read the
thermometer daily within one hour of
local solar noon. They should stand as far
from the thermometersas possible to
preventb odyheatfromchang ingthe
temperaturereading. T hisisvery
impor tant in cold weather . Donot touch
or breathe on the temperature-sensing
parts of the thermometer as this, too, may
affec tthereading.

2. Studentsshouldread thec  urrentdail y
temperature at the top of the column of
merc ury on either the maximum or
minimum sides of the u-tube
thermometer . Makesure that theireyesare
level with thetop ofthemerc ~ ury column.
Otherwise the reading will be too high or
toolow .

3. Take themaximumand minimum
readingsat thebase of theindic ~ ators.
Make sure the eyes of the observerare
level with the base of theindic ~ ator .

4. Once the maximum, minimum, and
current temperatures areread, students
shouldreset the indic ~ ators. T hisis done
by usinga small magnet to drag the
indicators down until they are on top of
the merc ury column. T oavoid losing the
magnet, attach it either to the shelter or to
the thermometer with a piece of string.

‘When atemperature observationis missed, reset
the thermometer at the next observation and
record onl ythec urrent temperature at that time.
Since more than 24 hours have elapsed between
readings, we have no way of knowing on which
day the maximum and minimum temperatures
occ urred.

Data Submission

Report the following data to the GLOBE Student
Dat aServer:

Date and time of the data collection in
Universal T ime
Current air temperature
Maximum dail y air temperature
. Minimum dail y air temperature

GLOBE™ 1997
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Observing, Describing, and Identifying Clouds
Students will begin to leardoud types and their names.

Estimating Cloud Cover: A Simulation

Students will pratice estimating how mut of the sky is
covered by touds.

Studying the Instrument Shelter

Working in teams, students will explore how the gaent
of the instrument shelter and itharaceristic @n influene
measurements.

Building a Thermometer

Students will onstrud simple thermometers to understand
how and why liquid-in-glass thermometers work.

Land, Water, and Air

This hands-on ativity will show students the different
cooling and heating rates between land and water, which
accounts for mub weather

Cloud Watch

Students will monitorlouds and weather to begin to
understand the @annedions between the two.

GLOBE™ 1997 Learning Activities- 1 Atmosphere
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ldentifying Glouds

Purpose
To enable students to observe ¢ louds, desc ribe
theminacommonvoc  abulary, and compare

theirdesc tiptions withtheoffic  ial ¢ loud names

Overview

Students observe and sketchc louds, desc ribing
their forms. They will initially generate
desc riptions ofa personal natureand thenmo ve
toward buildinga more sc
They correlate their desc  riptions with the
standard ¢ . lassific atonsusingthetenc  loud types
identified for GLOBE. Eachstudent developsa
personal cloud booklet to be used in
conjunction with the GLOBE Cloud Chart.

Time

Two ¢ lass periods. May be repeated on days
whendifferentkindsofc  loudsare present

Level
All

Key Concepts

Clouds areidentified by their shape,
altitude, andprec ipitation charac teristic s.

ientificvoc abulary .

Skills
Observingand describing the appearance of
clouds
Identifying the ten major cloud types
Estimating cloud height

Recordingand organizing cloud dat ainthe
GLOBE Science Notebook

Materials and Tools

GLOBE Cloud Chart

Observing Cloud T ype Sheets (inthe
Appendix)

GLOBE Scierce Notebooks _

Referenceb ookscont ainihgc loud images -

Still or video camera to photograph clouds
(optional)

Preparation
Obtainc loud referenceb  ooksand mark the
appropriate pages.

- Prerequisites

None

Background

Accurate weather forec  astingst arts withc areful
and consistent observations. T~ he human eye
represents orie of the best (and cheapest) weather
instruments. Much of what we know about the
weatherisaresultofdirec  t human observation
conducted over thousands of years. Although
being able to identify clouds is useful initself,

your students make them. Inviting a local
meteorolog isttovisityourc lassandt alkwiththe
students is a sure way to stimulate interest in the
relationshipbetweenc  loudsand weather pattems.

Inthisac tivity, weaskstudentstolookc  arefull y
at clouds, sketch them, and describe them in their
ownwords before usingthe offic ial names. T he
ac tivity ¢ an be repeated on different days when

observingc  louds ona regular basis and keeping different kinds of ¢ loudsare present. Infac  t,if
track of the weather associated with certainkinds you can be spontaneous, it would be nice to take

of clouds will show students the connection a break and do some outdoor cloud work”
betweenc loudtypesand weather . Recognizing wheneveranewkindofc  loudappearsin thesky
cloudtypesc anhelp youpredic tthekindof | Gyertime, students canbuild up aconsiderable
weathertoexpec  tin thenear future. W - e donot familiarity with cloud types. And, if you cannot

desc ribe those connec  tions here, but there are always take the students outside when some
numerousweatherb  ooksthatc an help youand

GLOBE™ 1997 Learning Activities - 2 Atmosphere
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interesting ¢ louds appear, perhaps youc  an
observe through awindow

Students Develop a Personal Cloud
Booklet

Students should develop, either in their GLOBE
Science Notebooks orinseparate cloud booklets,
anindividual, personal set of notes on cloudsand

cloud types. They should devote one page of their
GLOBE Science Notebooks to each individual
cloudtypetheyidentify .Theyc aninc ludenotonl y
their own observations and desc riptions but also
photographs of clouds that they take or that they
clipfromothersources. Onan  yg ivendaystudents
may observe several kinds of ¢ loudsintheskyat
the same time. If several types of ¢ louds are
preserit, they should record each of the types on

a separate page of their GLOBE Science
Notebooks.

Identifying and Classifying Clouds

The G LOBE protocol asks you to identify ten
-commonctypes of clouds. The names used for the
cloudsarebasedon  three factorstheir shape,
the altitudeat whichthey occ  ur, and whether
they are producing pecipitation.

1. Clouds come in three basic shapes:
cumulus clouds (heaped and pulffy)
stratus clouds (layered)
cirrus clouds (wisp y)

2. Clouds occ urin threealtitude ranges
(specifically, thealtitude of thec  loud
base):

High clouds (above 6,000 m), designated
by “cirrusorc irro-"

¢ Cirrus

» Cirrocumulus

» Cirrostratus

Middle clouds (2,000 - 6,000 m),
designated by “alto-"

* Altocumulus

» Altostratus

Low ¢ louds (below 2,000 m), no prefix
* Stratus

* Nimbostratus

* Cumulus

* Stratocumulus

*  Cumulonimbus

Note:While both cumulus and cumulonimbus
clouds may have their bases starting  below
2,000m, theyofteng row thick enoughtoextend
into the middle or even high range. Thus, they

are often referred to as “  clouds of ver tical
development.” Onl yhighc loudsarewisp yand
so the term cirrus has become synonymous with

wisp y aswell as referringtohighc ~ louds.

3. Clouds whose names incorporate the word
“nimbus” or the prefix “nimb ~ 0-"arec louds from
which precipitationis falling.

Cloud Identification Tips

Several things are useful to know in identifying
and naming ¢ louds according to the offic  ial

| classifications:
Cloudsthat are wisp  y and high in the sky are )

alwaysc irrusofonetypeoranother . Ifthec irrus
clouds cont ain waves or puffs, then they are
cirroc umulus. Ifthey form continuous layers that
seem to co ver the sky high up, they are
cirrostratus.

Clouds at middle altitudes are designated by the
prefix “ alto-.” I in layers, they are altostratus; if
inheapsand puffy, theyarealtoc ~ umulus.

Clouds that form at low altitudes (below 2,000 m)
areeitherofthec  umulusorstratusfamil  y.Clouds
in the ¢ umulus famil y are puffy and heaped.
Clouds in the stratus family form in layers or
sheetsthatco  verbroad expanses of sky

Low ¢ louds that are dark, threatening and actually
producing rain receive the designation “nimbus.”
Nimb ostratus ¢ loudsco ver the entire sky with

broad sheets and produce stead y rain.
Nimb ostratusc loudsarelargerhorizont  ally than
ver tically. The rainfall assoc iated with

nimbostratus typically is low to moderate in
intensity,butfallso  veralarge areaforan extended
period of time. Cumulonimbus have dark bases

and puffy tops, often anvil-shaped, and are
sometimesc alled “thunderheads.” T  heytendto
produce heavy prec ipitation, typic ally
accompanied by lightning and thunder
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Using Photography

It should not be hard to find photog ~ raphs of
cloudsinb ooks,char ts,and magazines. However,
the students will enjoy taking their own
photog raphs of ¢ louds. Introduce this as an
activity after they have sketched and described
cloudsintheir ownwords.V  ideo photog raph yof

cloudsinmotionalso presentsanew perspec tive
on ¢ loud formation and behavior, par ticularly if
youc antuseatripod and time-lapse photog raphy.

Part 1: Describing Clouds
In Your Own Words

What To Do and How To Do It

1. Organize the studentsinto two-person
teams. Send them outside with their
GLOBE Science Notebooks toan open
locationtoobservethec  louds.Each .
student should draw a detailed sketch of
thec loudsinthesky . Ifthereare several
different kindsofc  louds present, then
they should sketch each specifickind ona
separate page of theirnotebooks.

2. Eachstudent should record the date and
time of day and describe the appearance of
the cloudsnext to the sketch. They should
useasman ywordsasnecessary to
describe theappearance of the clouds.
Emphasize that thereare no right or
wrong answers and that they should use
whateverwords seem appropriate to them.
Some possible student responses:
Size: small, large, heavy, light, dense, thick
Shape: fluffy, stringy, cotton  y, lump y, torn,
smooth, patch y, sheets, ragged, looks like
a..
Color: g ray, black, white, silvery, milky
Description: thunderc louds, menac ing,
threatening, gloom vy, enveloping, beautiful,
streaked, foggy, bubbl  y,sc attered, mo ving,

swirling
3. Uponretumingtothec lass, pairs should
jointogethertosharedesc  riptions. Ask

eachg roupoffourtocompilea®  group
list” of all the words they used to desc ribe
eachc loudtypetheyobserved. T hey

should selec tthe words they think are the
best ones for describing the clouds they
saw .

4. Using the GLOBE Cloud Chart, they
should match their sketches with one of

the photog raphsandrecordthesc  iertific
name of the cloud type next to their
sketch.
Part 2: Comparing Your
Descriptions to the

Official Descriptions

What To Do and How To Do It

1. (Youmay choose to postpone this
discussion undl the class has accumulated
(desc riptions of several different kinds of
clouds.)

Initiateac lassdisc ussion. Ask one four-
persong rouptodrawitsc loud sketchon
the b oard and record the words their
groupusedtodesc ribethec loud. lf several
differentc loudshave been observed, have
adifferentg roupdoeachtype. Ask other
groups to contribute additional words they
used to describe these clouds.
Askthestudentstog  roup the words they
usedintoc lusters that seem to go together
Askthemtonamethespec ificfeatures of
the ¢ louds (such as size, shape, color,
altitude, or other features) to which these
clustersrefer .Dothesec lustersrepresent
themainc loud features to which they
think an observer should pay attention?
Aretherean y c loud features that have not
been included? What would they say is the
basis of their system, that is, what features

of clouds does it pay attention to?

2. Ask thestudentstoindic  atethe* official”
namesforthec  louds pic tured onthe
board. Explain thatthe offic  ial system used
toc lassify ¢ loudsrelies upon three features
of clouds: shape, altitude, and
prec ipitation. Compare theoffic ~ ial system
tothe classification system they developed
ontheirown. W hatc loud features does
eachinclude and omit?
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Ask students which of their words they
would use to describe each of these cloud
famnilies:

stratus clouds

cumnulus clouds

cirrus clouds

nimbus clouds

3. Repeat the observation, sketching, and

desc ription of differentc  loud typeson
subsequent days as new clouds appearin
yoursky . Havestudentsdevelopaseparate
page of their GLOBE Science Notebooks
foreachnewc loud typethey observe.
Havethemrecordb  oththeoffic ial name
ofthec loud and their own preferred
descriptions of it. Continue to discuss the
‘basisforthe offic  ial ¢ lassific ationsystem.

Adaptations for Younger and Older
Students

Youngerstudentsc  andesc ribec loudsintermsof
their basic family type: cirrus, cumulus, and
stratus. They can also describe the height of the
clouds: low, medium, or high; their shape: large
orsmall; and theircolor: white,g  ray, orblack.

Olderstudentsc ancorrelatec loud types withthe
appearanceofcer taintypesofweather . Seethe
Cloud Watch Learning Activity. Studentsalso ¢ an
pay attention to the sequence of cloud types over

the course of several days and can investigate the

factors that cause clouds to form.

Thisac tivity ¢ an present interesting possibilities
forcollab oratonwithanar —tteacheroraliterature
teacher,eachof whomc  ancontribute adifferent,
perhaps nonsc ientific, perspec tive on the
description of clouds.

Further Investigations

Examine the correlation between wind and ¢ louds.
Char t the wind direc tion and speed for each
observablec loudtype.

Explaintheconnec tionbetweentheh  ydrolog ic
cycle and atmospheric conditions.

Satellite and shuttle photos allow observations of
the d ynamic s of our atmosphere and the
examinationoflarge-sc  alephenomena thatarenot
possible from land. Use space-based imagery to
predic t weather or to track storms. Consider the
merits and disadvantages of space images versus
localmeteorolog  icalinformationanddat ~ a.

Track stormsandc  loudsfromadist ancetoaidin
understanding local weather conditions. Use
binoculars tostudy clouds and their formations
fromadist ance. Useloc al maps to helpidentify
the distance of landmarks and the speed at which
cloudsaremo ving,

Createc loud gamestoprac  ticeidentific ation skills

and concepts:

Cloud Game #1Have each studentc  reateaset
of 3"x5"indexc ardsthatinc ludesnamesofthe
tenc loud types. Asecondsetofc  ardsinc ludes
illustrations of each of the ten types. Pairs of
studentscombinec  ards, tuming them face down.

Par mersalternatetumingo ~ vertwoc ardsatatime,
attemptingto locatea match. A successful match
results in another turn. Play continues until all
cards have been matched. T he winner s the
partner with the most matched pairs.

Cloud Game #2Groups of studentsc  an generate
questions about clouds: appearance, shape,
alitude,and percent  ageof dominantco  ver.Ona
3"x5"indexc ard writethest atementasan
answer . Forexample: “Sc attered Clouds” is the
answer to the question, “What is the cloud cover
when between a tenth and a half of the sky is
coveredwithc louds?” Dividethec lassintoteamns

toplay .Playersrespondtotheanswerc  ardsin
the form of aquestion (see above).
GLOBE™ 1997 Learning Activities -5 Atmosphere
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Purpose

Toenablestudentstounderst  andthediffic ulties
of visuall yestimatingthepercent  ageofc loud
cover,toprac ticeestimatingc loud co verusing
paper simulations, and to evaluate the accuracy

of theirestimates

Overview

Workinginpairsorsmallg  roups, students will
useconstruc  tion papertosimulatec  loud co ver.
Theywillestimatethepercent  ageofc loudco ver
and assigna cloud cover classification.

Key Concepts
Usinga simulation to explore the acc
of observations
Skills

Estimating simulated cloud cover
Communicatingmathematically
Collectingand recordingdat a
Organizingdat aint ables

Materials and Tools

GLOBE Science Notebooks
Sheets of colored construc

urac y

tion paper, one

Time blue and one white per student o
. One class period Gluestick or tape
Prerequisites
Level N I
Familiarity with the cloud cover classification
Intermediate and Advanced system
Familiarity withfrac tionsand percent  ages
Background 1. Provideeachstudentwith the necessary

Even experienced observers have diffic ulty
estimatingc loud co ver. This seemstoderive, in
par t, fromourtendenc  ytounderestimate the open
space between objects in comparison to the space
occupied by the objects themselves, in this case

the clouds. Students have an opportunity to
experience this perceptual bias themselves, to

materials:
+ onesheet of light blue construction paper
* onesheet of white construction paper
divided into 10 equal segments
* GLOBE Science Notebooks
* gluestick ortape.
2. Organize students into pairs.

reflec t on its consequences fortheirsc  ientific 3. Tell each student pairto choose a

work, and todevisestrateg  iestoimpro ve their percent ageofc loudco verthatthey wish

ability toestimatec  loud co ver. torepresent. T hey must choosea multiple
of 10% (i.e. 20%, 30%, 60%, etc. not 5%

What To Do and How To Do It 0r95%). T hey should not reveal the

Review the ¢ loud-co ver protocol with the percent agetheyhavechosentoan  yone

students. Explain that they will simulate cloud else.

coverusingconstruc  tion paperand try toestimate

theamountofc  loud co ver represented by white

scraps of paper . Demonstrate the procedures

covered in steps 3 - 6 below so that students

underst and howto proceed.

GLOBE™ 1997 Learning Activities - 6 Atmosphere
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4. W orkingseparatel y,eachpairshouldc ut
their white paperso that it represents the

compare the estimates withthe ac tual
percent ages. See Figure A TM-1-2.

percent ageofc loudco vertheyhave 9.Createasecondt  able thatcompares

chosen. For example, if they have chosen
30%, they should cut out 30% of their

correc tclassific ationswithincorrec  t
classific ations. See Figure A’ TM-L-3.

whitepiece of paperandrec  yclethe 10. Discuss with the class theaccuracy of their

remaining7 0%.
5. Students then tear their white paper into
irregular shapestorepresentc  louds.
6. Thestudents paste or tape the smaller
cloud pieces onto the blue paper, thus
representingthec  loudco ver.
7.Studentst ake turns visiting each others’
simulations and estimating the percent age
of cloud co ver. Theyalsoc lassify each
simulationas“ clear,sc attered, broken, or
overc ast.” T hey record their estimates in
their notebooks, using a table similar to
that shown in Figure A TM-L-1.
" You may choose to have all students visit all the
simulations, or divide the class in some way so
that students visit only some of the simulations.

8. When students complete their estimnates of
cloud co ver,c reateat ableontheb oardto

estimates.

Whichweremoreacc  urate—the
percent ageestimatesorthec
Wheredidtheg reatesterrorsocc  ur?
Canstudents come up with a quantitative
measure of theircollec  tiveacc urac y?
Doesthe class have a tendency to
overestimateor underestimatec ~ loud
cover?

What factors influenced the accuracy of

- the estimates (e.g. size of the clouds,

clustering of the clouds in one part of the
sky,the percent  age of sky that was
covered)?

Do students feel that making these
estimates is something one hasa knack for,
orisitsomethingthatc  an beleaned?
Where else might such spatial estimation
skills be valuable?

lassific ations?

Flgure ATM-L-1 . . .
Which ¢ loud ¢ lassific ations were the
Name Estimated percent Classification easiestandmostdiffic  ultto identify?
Jon & Alice 40% scautered What strategies enabled studentsto
Juan & Jose 70% broken succeed?
Flgure ATM-L-2
Name Actual % Underestimates Correct estimates Overestimates
Jon & Alice 50 4 5 12
Figure ATM-L-3
Name Correct classification Classified too little cover Classified correctly Classified too much cover
Jon & Alice Scattered 4 9 8
GLOBE™ 1997 Learning Activities -7 Atmosphere
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% Whatstrateg  ies might produce more

accurate classifications?

Adaptations for Younger and Older
Students

Younger students may need instruc tion regarding
the identification of fractional  equivalents and

\9) conver tingsimplefrac tionsto percents.

Olderstudentsc anproduceandvideot — apedail y
forec asts simulatingaloc  al news or weather
charnel. T hebroadc astformatc aninc ludec lips
of dominantc loud types, percent ageofc loud
coverand visibility repor  ts.

&
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Studying The

Purpose

Todisco verwh y the instrument shelter is built
the way it is

Overview

of the instrument shelter and its placement. The
main part of this activity will be to construct
shelters that have varying proper ties and
investigate theeflec  toftheseproper tiesonthe
measured temperature. Students should be
askedtopredic twhat they believe will happen

for each of the different shelter designs.

Time _ .

One class period for discussion of the shelter
and design of an experiment. T~ wo to three
additional class periods to experiment with
modelshelters.

Level
All

Key Concepts

Heat transfer through radiation,
conduction, and convection

Skills
Hypothesizingand predicting
Designing experiments
Collecting data
Organizingand analyzingdat a
Communicating experiment  al resultsorall 'y
and in writing
Materials and Tools

Atleasttwoc ardb oard instrument shelters
(depending on thenumberof proper ~  ties
to be explored and the availability of
materials). These could be in the form of
read y-madeb oxessuchasan catmeal
container orashoebox.

Students will explore some of the charac teristic s

cardb oard are available, then shelters ¢ an
beconstruc tedfromsomeag  reed-upon
plan.

Forevery proper tytobeexplored, at least
twoc ardb oard shelters will be needed.

Depending on the number of characteristics
to beinvestigated, the following
materialsmay beneeded:

‘White paint and black paint (to investigate
color)

Two paint brushes (if paint is used)

Heavy-dutysc issors (necessary if the
shelters must be made from sheets of
cardb oard andalso to investigate the
purpose of slits in the shelter)

Paper (tocomparetheeffec ~ tofhaving
shelters made of different materials)

Two ormore thermometers per student
group (depending on the number of
proper tiestobetested at the same time)

String

One or more wooden posts, strongenough
tobeplacedintheg  roundandhold the
instrument shelter (shelters can be nailed
onto the posts)

Nails (to attach shelters to the posts, if
necessary)

Hammer

Meter stick

The actual GLOBE instrument shelter
If the actual shelteris not available, then
the students should have thepic ~ tureand
physical description of it given in the
Toolkit.

Preparation

Gather those materials needed to construct the
shelters. Students could bring oatmeal boxes
(round)orshoeb oxesfromhome.

Itisbestifall the experimental shelters Prerequisites
are the same, so that size and shape do Anassembledi ent shelter
notbecome factors. If only sheets of
GLOBE™ 1997 Learning Activities - 9 Atmosphere
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Background

While it may seem that air temperature should

be an easy enough measurement to make, it is
notnecessaril  yeasyforman ypeoplearound the
world tomake prec  isel y the same measurements
sotheyc anbecompared witheach other .Inorder
to reall yunderst and the temperature being
measured, we all need to measure the same thing,
Factors such as wind, direc t sunlight, and
moisturec anaffec tathermometerandsowe must
protec ttheseinstrumentsbyplac  ingthemina
shelter that is built to a specific set of
charac teristic s. Inaddition, where this shelter is
placed and how the thermometeris placed inside
ofitareofc ritical impor tance.

We need to becer  tain that the temperature
differencesrepor  ted from various areas are dueto
real differences in the air temperature and do not
just reflec t the fac t that one person put a
thermometer inashelterin the middle of a grassy
field and someone else putathermometer on the
windowindirec tsunlight.

What To Do and How To Do It
Day One

1. Youshouldst artthedisc ussionbyasking
students toidentify the major
characteristics of the GLOBE shelter that
could influence the temperature inside it.
These would include:

- The color of the shelter

- Theslitsin the shelter

- The materials of which the shelter
ismade

Thedisc ussionshouldturntowh  ythe

students think these charac ~  teristic sare

important.

2. Thediscussion of the physical
characteristics of the shelter should be
followed bya discussion of the placement
of the shelter and the thermometer inside
the shelter . Questionsto ask are:

- Whyshould the shelter be located away

- Why should the shelter be oriented
with the door facing northin the
nor thern hemisphere and south in the
southern hemisphere?
- Why s the thermometer not supposed
totouch the shelter?
Students should predic  ttheeffec tthateachof
theab oveparametershas onthe measurement of
temperature. T hen it will be time to test their
predic tions.

Day One/Day Two (depending on how long
the discussions take)

1. Students should be divided into teams.
The number of teams will be determined
by the number of proper  tiestobe
investigated, the availability of materials,
and the number of students. Up to eight
teams could be formed to explore the
eight basic pararneters discussed above.

2. Eachteam should construct twoshelters."

Thisisasimplet askifstudentsuseread  y-
made boxes such as oatmeal orshoe

boxes, but will be more complic ~ ated if

they must make shelters from sheets of

cardb oard.

If shelters are made from sheets of

cardb oard, theac tual design of the shelter
(whetheritisac ylinder, like an oatmeal
box,orarec tangle likeashoeb ox)isnot

asimportant as the fact that all shelters
should be as close to the same design and
sizeas possible.

3. Eachteam chooses oris assigneda
proper ty to explore. For those
investigatingtheph  ysic al proper tiesof the
shelter, fur ther work on the shelter will be
necessary . The followingare possible
alterations toshelters to study the
proper ties:
- Paint one shelter white and one black
- Make oneshelter with slitsand one

without (paint both white)

- Ifyouareusingread y-madeb oxes,

frombuildings and trees? then use white paper to construct a
- Why should it be placed over anatural shelter of similar shape and size to the
surface, such asgrass? cardb oard one. Paintthec  ardb oard
- Whyshould itbe placed 1.5 meters shelter white.
ab ovetheg round?
GLOBE™ 1997 Learning Activities- 10 Atmosphere
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4. All shelters should be mounted on posts
(unless a team is investigating the effec tof
the height of the shelterabove the
ground). For most teams, the posts do not
need to be more thatameterhigh. T he
team investigating shelter height above the
ground should leave one shelter
urnmounted and mount one onapost
appro ximatel y 1.5meters high.

5. Eachteam should be giventwo
thermometers. Prior to placing the
thermometers in their shelters, the
students must make sure that the
thermometersread the same temperature
while indoors. If they do not, then they
should be calibrated following the
instruc tions in the Atmosphere protocols.
Ifathermometer doesnotread within
0.5°Cof 0 °C whilein an ice water bath,
that thermometer should not be used.
Thermometers should not be placedin the
shelters until the students are read yto
take their shelters outside.

Day Three/Day Four

1. Choose aday that ismostly sunny and,
ideall y, slight] y breezy . You do notwantan
overc ast, rain y,orsnow yday .

2. Eachteamshouldrecordthest  arting
ternperature of their thermometers.

(Again, these should be the same.)

3. The thermometers should be placed in the
shelters in such away that they do not
touchthec ardb oard (or paper)sur face
(unless, of course, theg  roupisexploring
theeffec tofthe thermometer touching the
shelterwall). Ifread y-madec ardb oard
boxesare used, thethermometerc ~ anbe
hung by a string from the top of the
shelter .

4. Eachteam takesits two shelters (with
thermometers in them) outside. The teams
investigaingtheph  ysic al proper tiesofthe
shelter (color, slits, material) should find
an open areaaway from buildings,
preferabl yanopenfield T eams
investigating the placement of the shelter
will splitintotwosubg roups. Oneg roup

6. Once the temperature hasst

will place its shelter in an appropriate area

(grassy area, away from buildings). T he

otherg roup will place its shelter ina non-

ideal location. That is, to investigate the

effec tsofshelter placement:

» Oneshelterinanideal location, one
next to thesunny side of a building

* Oneshelterinanideal location, one in
the middle of a parkinglot, or other
paved or asphalt surface

* Oneshelterat 1.5 metersabove the
surface, the unmounted shelter onthe
ground at the base of the post

* Oneshelter placed with its door facing
north, the other one nearby with its
door facing south.

. After placing their shelters, students

. should record the temperature from each

thermometer after about five minutes.

They should then wait another five
minutesand record the temperatures

again. T emperatures should continue tobe
recordedatappro  ximatel y five minute
intervals, until the temperatures in the
shelters have stabilized and do not change
over two successive readings. Note that

this may not necessarily take the same

time for both shelters. That is, it may take
one thermometer longertoreach the
maximum temperature than the other
Therefore, itisimpor tanttocheckb oth
thermometers.

abilized in
both shelters, the students can bring their
sheltersand theirrecorded temperatures
backtothec lassroom.

7.Eachteamshouldg iveabriefrepor tof

whatit foundtotheentirec  lassand then
disc usswh ythe temperatures may have
behaved the way they did.

. Each team should write abrief repor t
showingitsrecorded temperatures. T~ he
team should discuss its findings in terms
of how and why the particular parameter
investigatedaffec  tsthe temperature.

GLOBE™ 1997
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% Adaptations for Younger and Older
' Students

For younger students: The number of variables
explored could be reduced to color, slits,
placement near and away from buildings, and

placement on natural and on conc retesur faces.
. Shelters could be placedontheg ~ round instead of
.\\(% mounted on posts. (Aslongasthey areall placed
ontheg roundin the variousareas, that fac torwill

be consistent for all readings.)

For older students: Older students ¢ an explore
which of the parameters is most important by

making more than twosheltersin eachc ategory .
Forexample, they could test whether colorismore
important thansslits by making one black and one

white shelter without slits and one blackand one

white shelter with slits. See how many
combinations they can come up with and which
parameterhastheg  reatestaffec  tonthemeasured
temperature. T heyc analsoexplorewhateffec  t

. there is with the different shelter designs onac lear
C dayversusac loudyday,oraveryc almdayversus
\ .
N :: awind yday .
Student Assessment

Students’ understanding of the importance of the
shelter design and placement can be assessed in
terms of:

* The conclusions they draw in their oral
and writtenrepor s

¢ Theunderstanding they show during the
class discussions

¢ Theirability to deal with such additional
questionsas: W hatwouldbetheeffec  tif
thewhiteshelterbec  ameco vered witha

heavy layer of dust?
¢ Thevalidity of the measurements they
take.
v 4 »
~f §e
>
7%
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Building a
Thermometer

Purpose

Tohelpstudentsunderst andwh yandhowa
standard thermometer works

Overview

Students will construct a soda-bottle
thermometer, which is similar to the
thermometerusedbyG ~ LOBE schools. Bothare
based on the principle that most substances
expand and contrac  tas their temperature
changes. Thisexperiment alsodemonstratesthe
princ iple of heat transfer

Time -
Twoc lass periods

1. Todo experiment -onec  lass period

2. Todisc ussprinc iples of expansion,
contrac tion, and heat transfer through
conduction and convection—
15t0 30 minutes

3. Torecordc lassdat aontob oardor
overheadandmakeg  raphs—
30 minutes

4. Tohaveeachg rouppresenttothec lass
their results, ideas for other variables to
test,andan y problemsthat they
encountered—3  Ominutes

Skills
Constructing an apparatus for an
experiment
Conducting an experiment
Observing and measuring
Collecting, organizing and recordingdat a
Working effec tivelyinag roup

Materials and Tools
(per group of students)

Ice

One liter plastic soda bottle

Clear or white plastic drinking straw

Modelingc lay . A one-pound block of
modeling clay should be enough for
25to30thermometers

Two 2-liter plasticsodab  ottles—thetops
oftheseb ottlesneedtobec  utoff

Scissorsorknifetoc  utthe top offthe
2-liter plastic bottes

Food coloring (yellow doesnot work as
wellasred, blue,andg  reen)

Awatch or clock with asecond hand

Ametric ruler

Amarker,g reasepenc il,orpentomark
the side of the straw

Building a Thermometer Activity Sheet

Level
Intermediate Preparation
Key Concepts Assemble materials.
Substances expand and contract asthe Review princ  iples of heat transfer
temperature changes. .
Liquid-in-glass thermometers work on the Prerequisites
basis of thermal expansion and None
contraction.
Conduc tionand convec  tion are two forms
ofheat transfer
GLOBE™ 1997 Learning Activities-13 Atmosphere
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Background

For more information regarding how
thermometers work, review A Field View of the
Atmosphere Investigation in the Welcome sec tion.

There are differences between the soda-b ottle
thermometer and the thermometer you use in
GLOBE: the liquids used are different, the soda-
bottle thermometeris not aclosed system, and it

lacks a numerical scale.

Several sc ientific princ iples are at work in this
activity . One is the princ iple of expansion and
contraction. Most substances expand when heated

and contract when cooled. Over the range of
temperatures in this experiment, water too
expands when heated and contracts when cooled.

(As water approachesiits freezing point, it again

" expands.) :

Figure ATM-L-4
Heat Transfer Process |

i
Water Bath

Substances expand when heated because their

kinetic energy, orenergyofmo  vement,inc reases
withtemperature. T hemolec ulesmo vefasterand
spread far therapar t, causing the material to
expand. When the substance iscooled, molecular

mo vementdec reasesandthesubst  ancecontrac ts.

This experimerit also illustrates heat transfer by
conduc tion. Conduc tion occ urs when energy is
transferred from one molec  ule to the next by

direc tcont act,suchaswhenthemet  alhandle of
apanbecomeshot. Met  alsare good conduc  tors
of heat. W ood is a poor conduc tor. In this

experiment, the warm water in the outer container
transfers its heat by conduc  tion through the
plastic wall of the one-liter bottle to the waterin

the inner bottle.

Although heat transfer by conduction can take
place in solids, liquids, and gases, it is most
effic ient in solids and liquids. In the atmosphere,
theairmolec ulesincont actwiththeg roundare
heated by conduction. As these air molecules gain
energy, they become less dense and st arttorise.

Convec tionisthelarge-sc  alemo vement ofaliquid
oragaswhichac tsto redistribute heat throughout
an entire volume. A common example of
convection is water boiling ina pot. In this case,

the water in contact with the bottom of the pot
(where the heat source is) becomes heated and

less dense than the water on top of it. This hot
water rises, cooler water sinks and is then heated

by contact with the bottom of the pot.

.

Preparation

Thisac tivity works well in teams of two or three
students. Here are some job assignments and
descriptions:

Student 1 Assembler - gathers materials and
assembles the thermometer

Student 2 T imer/repor ter—keeps track of 2-
minute intervals when the experiment st arts—
makes marks on the straw showing how much
thewaterhasmo  ved —measures thestraw atthe

end of the experiment and tells the recorder the
measurements—repor  tstothec lasstheresultsof
the experiment

Student 3 Recorder —records the measurements

Fn th.e ¢ ase of water, the coeffic ien.t of expansion thatthe timer has made ~sotransfersthe g roup’s
isquite small, so thevolume of the waterinc reases
measurementsontothedat  asheets.
by onl yaverysmall percent  age. Nonetheless,
bec auseall oftheinc  reaseinvolumeis channeled Make a copy of the Building a Thermometer
into the small-diameter straw, the expansion ¢ an | Activity Sheet foreachg roupofstudents.
beseen.
GLOBE™ 1997 Learning Activities- 14 Atmosphere
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The teacher should assemble materials before the What To Do and How To Do It
classst arts.lfsmallg roupsaretobe used, they Thisactivity can be done asa demonstration but
should be assigned in advance. Students should isprobabl ymoreeffec tiveifstudentsorg  roupsof
bring in the 1-liter and 2-liter soda bottles. Allow students make their own thermometers. These
aweek orsotocollec .tthe necessary materials if instructions also appear on the Building a
stuFlents are Sgppl yingtheb ottles. B? sure to Thermometer Activity Sheetinthe  Appendix which
review the possible problems below before doing can be copied and distributed to students.
the experiment in class. -
o Building the Thermometer
Besureto unders.t ’an‘d Ehe prne iples of heat 1. Fillthe 1 -litersodab ottle tothe very top
transfer (conduction and convection) and the of the liowith cold L apwater
expansion and contraction of materials. Some 5> Add fof drops of food polo . .T his
examples of each in different situations would be ' mak [;e \:ralt)er line m‘cer tor:eleg'Blue
helpful foradisc ussion. Y oumay need to review aKes ' ’
o . green, or red work best.
how tomeasure in millimeters with the students. , _
3. Rollsome modeling clay into asmall ball
ab out 25 mmindiameter . Thenrollit out
Team Data Sheet measurements in millimeters 50 Lhat it forms 2 cyhnd.er about the length
: — and diameter of a pencil: Flatten the.
2 minutes pencil-shaped clay into a thick ribbon.
4 minutes Wraptheribb onaround the mid-point of
] thestraw . See Figure A TM-L-5.
6 minutes
8 minutes
10 minutes
Class Data Sheet Figure ATM-L-5
GroupA | B | C | D | Average 4. Place the straw into the bottleand use the
2 minutes claytosealofftheb  ottle. Bec arefulnotto
4 minutes pinchthestrawc losed.Y oualsodonot
want any holes or cracks in the clay that
6 minutes would allow water to escape. One half of
8 mi the straw will be inside the bottle and one
minutes
half will be outside theb  ottle. Pressthe
10 minutes clay plug into the neck of the bottle far
enough to force the water level up into the
strawso thatitc  anbe seen. See Figure
ATM-L-6.
Experiment
1. Place the filled one-liter bottle (soda-bottle
thermometer) into one two-liter plastic
bottlecont ainer . Place amark on the straw
where you see the water line.
2. Fill the 2-liter container with hot tap
water . Wait two minutes. Mark the straw
at the water line. Repeat this marking
GLOBE™ 1997 Learning Activities - 15 Atmosphere
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every two minutes, for ten minutes. At the
end of the ten minutes, use arulerto
measurethedist  ance of each mark from
the original water mark at the bottom of
thestraw . Record your measurements on
the team datasheet.
Watchc losel yforan ychanges. Doyousee
any?Desc ribe what you observe.

3. Putice and cold waterinto the second
two-liter cont  ainer .

4. Place the thermometerbottle into the ice
water . Record your observations.

=

Straw

(I

— o € Clay Plug

s

«—— 1 Liter Bottle

>

«— 2 Liter Bottle

N

s

5. What happens to the water level in the
straw when the thermometer is placed in
hotwater? { Answer: It rises about 4 cm if
there'sa25deg reeCdifference )W hy?
What happens to the water level when the
thermometer s placed in cold water?

& Initial Water Level ,

thermometer, used for the noon

temperature measurements for G
work?

LOBE,

8. What are two other things (variables) that,

10.

11. Add the average figures for the mo

if changed, might cause this experiment to
work differentl y? (A few answers: the
amount of water touching the soda-bottle
thermometer, thetemperature of the
water, thesize of thecont  ainer, the
diameterof the straw )

. Graphthe measurements that you

recordedonyourteamdat  asheet. T he
x-axis (horizontal) should be the time (in
minutes) and the y-axis (vertical) should
be your measurements from the orig

line before the hot wateris added (in
millimeters). Besuretog  iveyourg rapha
title and to label the axes of the graph so

that someorie else could understand it.

Makeac lassdat asheetonachalkb  oardor
onasheet of posterpaper . Record your
data on the Class Data Sheet. Combine

your data with that of your classmatesto

find the average movement of water for

each two-minute time period.

inal

vement
of watertoyourg  raph. Be sure tolabel

this new line. How is the graph of your
measurements different fromthe g
theclassaverage?

raphof

12. Explainthe g raph. W hat story does your

graph tell? Can you draw any conclusions?

13. Whymightitbeimpor  tant to have more

than orne trial when you are drawing
conclusions?

Possible Pr oblems with the Experiment

The seal with the modeling clay has cracks
in it, allowing the water to escape

Ifthe 1-liter water bottle is not filled to the
top, it takes alonger time for the water to
moveupthestraw . Indeed, the water may
not move up the straw at all.

There is not enough of a temperature

(Answer: It falls.) Why? difference between Lhe water 1n thel -liter
. . . ‘ bottle and the water in the 2-liter bottle. A
o Ex.plam why youthink thl% is happening. 25deg ree Celsius or larger difference is
7. Using your Answer to qugsuon 6, how optimum. ! there isa smaller difference,
does the maxirmum-minimum youwill not get verylargemo ~ vementson
GLOBE™ 1997 Learning Activities - 16 Atmosphere



thestraw .Hottapwaterandcoldt ap
watershould have enough of a difference
for the experiment to work.

* Students will forget to mark the beg
levelinthestraw . Besure that they
understand that the mark should be made
immediately after placing the 1-literbottle
intothe 2-literb  ottle, before adding the
hot water .

e Ifyouhave trouble getting or keeping ice
inthec lassroom,youc anomitthispar tof
the experiment orshow itasa
demonstration.

Adaptations for Younger and Older
Students

For younger students: Y ounger students ¢
the thermometer apparatus and observe the

mo vement of the water in the straw, but not mark

the water level at two-minute intervals. T he
teacher should cut the two-liter plastic container
ahead of dme.

inning

For older students: Other variables could be tested,
such as different size straws, larger or smaller
cont ainers for the hot water, or different size
containers for the thermometers. The students
could design their own experiment, conduct it,

and present their findingstothec  lass. T heycould
calibrate their thermometer with a st andard
thermometer .

anmake .

Further Investigations

1. Useast andard thermometertomeasure
the temperature of the water in the inside
of the soda-bottle thermometer and
compareit to the temperature of the water
outsidethethermometer . Doesthe
amount of water movement inthe straw
change when there are different
temperatures? Per  form anexperiment,
keep records, and present your findings to
the class.

2. Doesthesizeofthecont  ainersaffec tthe
way the thermometer works? Designan
experiment that tests this concept, dothe
experiment, and make a chart showing
your results.

" " 3. Gotothe library and research what
* - materials are used to make different
thermometers. Be sure to find out the
different princ  iples on which they operate.
Presentyour findingstothec  lass.

4. Calltheloc al weather offices ortelevision
or radio stations and see what type of
thermometersareused there. T akeatrip
tovisit the weatherst  ation. T ake pic tures
and make a posterto share with your
class.

5. Makethermometers usingdifferent
diameters of straws and see if there are an y
differences. W hat do you think might have
causedan ydifferencesyousee?W  ould
thishaveaneffec  tontheconstruc tion of
realthermometers?

6. Find out howsc ientistsrecord the
temperature at different depths of the
ocean. Onamap ofthe oceans, show the
average water temperature. Make achar t
toshare withthec  lass.

Student Assessment

Students should be able to answer the questions
inthe experiment on the student activity sheet.
They should also be able to explain how a
thermometer works in class oronaquiz.

GLOBE™ 1997
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- -
Duplicate and
m r distribute to
stdents.

Purpose

Tohelpyouunderst andhowandwh yaliquid-in-glass thermometer works.

Overview

The soft drink bottle thermometer that you construct in this activity is similar to the thermometer you

useinthe G LOBE Instrument Shelter . However, there are differences. Both use liquids, but the liquids
aredifferent. Do you know what liquid is in the st andardG LOBE thermometer? Also, the thermometer
youwillmakehasnodeg  reemarkings. Buttheprinc  iples of operation are the same forb oth types of

thermometers.

The thermometer you use for measurements and the instruments you will build are b othbased onthe
principlethatsubst ancesexpandand contrac  tas their temperature changes.

g - This lab also demonstrates the princ iple of heattransfer . Whenawarmobjec  tisplaced againstacold -

objec theat istransferred from the warm objec | ttothecold objec  tbyconduc tion. Forexample, in the
winter if you place your bare hand on the fender of an automobile, your hand transfers heat to the
metal by conduction.

Usuall y when you work ina job, you are par tofateam. Inthisac  tivityyouwillalsobepar  tofateam.
Hereareyourjobdesc  riptions:

Student 1 —assembler - gathers materialsand assembles the thermometer
Student 2 —timer/repor  ter-usesc lock orwatch tokeep track of 2-minute intervals when the
experiment starts - makes marks on the straw showing how much the water has moved -
measures the straw at the end of the experiment and tells recorder the measurements - repor ts
tothec lassthe results of the experiment
Student 3 —recorder - records the measurements that the timer has made - also transfers the
group’s measuremernts ontothec lasschar t

Materials and Tools
(per group of students)
Ice
Water
One liter plastic soda bottle
Clear or white plastic drinking straw
Modeling clay (a ball about 25 mm in diameter)
Scissorsorknifetoc  utthetop offthe twoliter plastich  ottle
2two-literplasticsodab  ottles-thetopoftheb  ottleneedstobec  utoffsothatitisusedasa
container to hold waterand the 1 liter plastic soda bottle
Food coloring (yellow doesn't work as well as red, blue, and g reen)
Watchorc lock with second hand
Metric ruler
Marker,g reasepenc il, orpen to make marks on the side of the straw

GLOBE™ 1997 Learning Activities- 18 Atmosphere
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Duplicate and

distribute to
students.
Building the Thermometer
1. Fill the one liter soft drinkb  ottle to the very top of the lip with cold t ap water .
2. Add four drops of food coloring - this helps make the water line easier to see. Blue, g reen, or
red work best.
3. Roll some modeling clay into a
] small ball about 25 mmin
Straw diameter . Thenrollit outso thatit

formsacylinder about the length

and diameter of a pencil. Flatten
the pencil-shaped clay into a thick
Initial Water Level  1ibbon. W raptheribb onaround
Clay Plug the midpoint of the straw
4. Place the straw into the bottle
andusethec laytoseal offthe
bottle. Indoingthis,bec  arefulnot
) o _ topinchthestrawc losed. Y oualso,
«—— 1 Liter Bottle do not want any holes or cracksin
the clay that would allow waterto
escape. One half of the straw will
be inside the bottle and one half
willbe outside theb  ottle. Press the
clay plug into the neck of the bottle
far enoughto force the water level
up into the straw so that it can be

A
\

«— 2 Liter Bottle
> «— Hot Water Level %

A
|
|

Experiment
1. Place the filled one liter bottle (the soft drink bottle thermometer) into the empty two liter
plastich otdecont ainer . Place amark on the straw where you see the water line.
2. Fillthetwolitercont ainerwithhott apwater . Wait two minutes. Mark the straw at the water
line. Repeat this marking every two minutes, for ten minutes. At the end of ten minutes use a

rulertomeasurethedist ~ anceofeachmark fromtheorig ~ inal watermarkattheb  ottom ofthe
straw . Record your measurements on the team dat asheet, below
GLOBE™ 1997 Learning Activities - 19 Atmosphere
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Duplicate and

distribute 1o
students.
Team Data Sheet
Time Measurements in millimeters
2 minutes
4minutes
6 minutes
8 minutes
10 minutes
Watche losel yforan ychanges. Doyouseean  y?Desc ribe what you observe.
3. Putice and cold water into the second two-liter cont ainer .
4. Place the thermometerb  ottleinto theice water . Record your observations.
5. What happens tothe water level in the straw when the thermometer is placed in hot water?
What happens to the water level in the straw when the thermometer is placed in cold water?
GLOBE™ 1997 Learning Activities - 20 Atmosphere
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Duplicate and

distribute 10
students.

6. Explain why you think these changes happen.
7. Using your answers to question 6, how does the maximum-minimum thermometer used for the
GLOBE measurements work?
8. W hatare two other things (variables) that, if changed, might ¢ ause this experiment to work differentl y?
9. Graph the measurements that you recorded in your team dat "asheetatstepnumber2. T hex-axis
{(horizont al) should be the time (in minutes) and the y-axis (ver tical) should be your measurements
(inmillimeters) fromtheorig  inal line before the hot waterwasadded. Besuretog iveyourg raphatitle

and to label the axes of the graph so that someone else could understand it.

10. Recordyourdat aontheClassDat  aSheetontheb oard orasyourteacherinstruc  ts. Combineyour
data with that of your classmates to find the average movement of water for each two-minute time
period.

11. Add the average figures for the mo vementofwatertoyourowng  raph. Be sure tolabel this new
line. Howistheg raphof your measurements different from the g raphofthec lassaverage?

12. Explainthe g raph. W hatstorydoesyourg  raphtell? Canyoudrawan  yconc lusions?

13. Whymight it beimpor  tant to have more than one trial when you are drawing conc lusions?

GLOBE™ 1997 Learning Activities - 21 Atmosphere
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. Land, Water, and Air

V1
N =
P =
VAl

Purpose

Tohelpstudentsunderst ~ and thatland and water
heat and cool at different rates and that the
proper tesofsoil and waterinfluencethe heating
ofairabove them ’

Overview

Students measure temperature changes in soil,
water,and air asthey are exposed tothe heating
action of the sun.

Time

Threetofourhourstot  al
one to two hours of actual time on task

Level
Intermediate and advanced

Key Concepts
Different subst ances, such as soil, water,
and air, transfer energy and heat at
different rates

Skills

Designingand conducting an experiment

Measuringand recording dat a

Organizingdat aint ables

Graphing

Workingeffec tivelying roups
Materials and Tools
(pergroup of students)

Two plastic buckets at least 3

A centimeter ruler

Six thermometers

Ameanstosuspend the thermometers over
the buckets, such as string and dowels

Ocmtall

Preparation

Arrange for an outdoor area in which to conduc t
theexperiment. (This activity could be performed
indoors by substitutingastrongar  tificial light
source for the sunlight.) T  his experimentg ives
thebestresultsonasurm  y,warmday . Dividethe
students into small workingg ~ roups. Y oumay
want to demonstrate the activity first so that all
students understand how to conduct the

experiment.

Prerequisites

None

Background

One of the impor tant reasons wh y we have
different kinds of weather throughout the world

is because land and water heat and cool at
different rates.

For example, aftenoon thunderstorms in Florida
areofteninitiated by thefac  tthatduringthe day
the land heats up faster than the water does. (T 0
underst and moreab  out this, students should
researchwhatc  ausesseabreezes.)Inpar  tsofthe
world that experience monsoons (wind systems
thatreversedirec tionseasonall y),therain ypar t
of the monsoon season is characterized by
alternating periods of ac  tive (rain y) and non-

active (not-rainy) weather depending on whether
the land is dry or wet.

Students may have observed a difference in the
heating and cooling rates of land relative to water

if they have ever run barefootac rossabeachto
the water in the middle of a warm, sunny
aftemoon. T heyprobabl yrememberhow hot the
land was and how cool and refreshing the water
was. If they were at the beach until after sunset
andwalkedbarefootac  rossthebeachtothewater,
they might remember that at this time of day, it is
the beach that feels cool, while the water feels
warm. Students can study this land/water
difference with asimple experiment.

GLOBE™ 1997
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What To Do and How To Do It

Fill one bucket with soil to a depth of
appro ximatel y 15 centimeters. Fill the other
bucket tothe same depth with cool water (as from

an outdoor faucet). Set both buckets out in the
sun. In each bucket suspend a thermometer one
cmab ove,onec mbelow,andeightc  mbelowthe
sur face. T ry to position the thermometers so that

the sunlight isnot shiningdirec  tlyonthe bulbor
the glass tube. Allow time for the thermometer
temperatures to st abilize. Record the initial
thermometer readings.

Read thetemperature of eachthermometerat two
minute intervals for 20 minutes. T henread the
temperatures at one, two, and three hours.

Questions for Discussion

Is the temperature of the soil one ¢ mbelow the
surface warmer than it was when students set
out the buckets three hours ago? Is the sur
temperature of the water warmernowthan it was
threechoursago?W  hy?

face

Which temperature readingis higherat adepth

of 8 cm, that of the soil or that of the water? What
conc lusions ¢ an students draw from this
experiment?

What your students should have found was that
thesoil'ssur face was much warmerat one c m
than that of the water at one cm. Oni the other
hand, the water was warmer at adepth of 8 cm
after 3 hours than the soil at adepth of 8 cm.
Thetemperaturesatonec ~ mab ovethesur face

“should be higher for the soil than for the water

Liquid watermolec ulesmo vemuchmorefreel y
thanthemolec ulesthatmakeupsoll T herefore,
waterc andistribute heat throughoutag ~ reater
volume thanc ansoil. T hatiswh vy, afterthree
hours in the sun, the water in the bucket was
warmer at the 8 cm depth than was the soil. After
sunset, the heat absorbed by soil quickly escapes

to the atmosphere, and the land cools rapidl
However, although water heats up more slowl y
thanland, onceitis heated it takeslonger to cool.

If students were to repeat the measurements
several hours after sunset, they would find that

the water temperature at one c m depth was
higher than that of the soil at one cm depth.

<
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Purpose Skills
To track ¢ louds and weather,andbeg  into Systematically ~ observing overaperiod of
understand the connection between the two time
Correlating one observed phenomenon with
Overview another
Studentsobservec  loudso verafive-day period Materials and Tools
and correlate these observations with the .
weather . GLOBE Science Notebooks and cloud
charts
Time Preparation
Tenminutes perdax forfive Qays; plusperhaps Divide the studentsintosmall workingg ~ roups.
halfof one class period to discuss Disc uss how they will record their observations -
in their GL.OBE Science Notebooks.
Level
All Prerequisites
: N .
Key Concepts e
Relationship of clouds and changes in
cloudsto weather
What To Do And How To Do It calm and humid? The students do not need to

Overalfive-day period, students should ¢ arefull y
lookat the clouds and write down what they see.

If they do not yet know the names of the clouds,

they can write down what the clouds look like. It
isbestiftheyc an check the sky three times per

day: once in the morning (on the way to school);
onceintheearl yaftemoon (around lunchtime);
and onceinthe lateafternoon or evening (perhaps
ontheway home fromschool). T  heexac ttimes
of each observation are not ¢ ritical, although it
will help if the observations are made at roughl y
the same time each day . (For example, the
morning observations shouldall be made around

8 am, rather thanat 7 am oneday, and 1 Oamthe
nextday . Thesame istrue for the noontime and
evening observations).

Attheend of each day, studentsshould also record
theweather forthatday . Wasitarain ymorning
and ¢ lear afternoon? Did it snowall day? W asit

quantify theirweatherrepor  ts(ie., theydonthave
to write down “21 millimeters of rain” or “79%
relative humidity”), but should desc  ribe the
weather as completely and clearly as possible.

Asthe studentsrecord theirc  loud and weather
observations, they should look foran y patterns.
Forexample,arec  irrusc louds (thin, wisp yclouds)
inthe morning typic  ally followed by afternoon
thunderstorms? Are the small puffy ¢ louds
(cumulus) everassoc  iated with prec  ipitation?

Afteraweekofrecordingc  loudsand weather, ask
students to use their observations to predic twhat
the weather will be like tomorrow . Askthemto
explainwh y they made their predic  tions. Have
each student keep track of how well they do in

forec astingtheweather . Theymay developanew
respec tforthe diffic ulty of forec asting!
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Data Work Sheet

Observing Cloud Type
Glossary
GLOBE Web Data Entry Sheets
GLOBE™ 1997 Appendix -1 Atmosphere
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Atmosphere Investigation

Data Work Sheet

School Name

Observer Names

Measurement method for pH: O paper O pen O meter

Sat. Sun. Mon. Tues. Wed. Thur. Fri.
Date
Hour (Universal Time)
Observer Names
Cloud type (Check all types seen)
Cirrus O O O O O O O
Cirrocumulus O O O O O O O
Cirrostratus a O a a a O O
Altostratus a. 0 o 0 0 0 0
Altocumulus 0 0 .0 0 0 0 0
Stratus O d- O O O a O
Stratocumulus O O O O O O O
Nimbostratus O O O O O O O
Cumulus a a a a a a O
Cumulonimbus O O O O O O O
Cloud Cover (Check one)
Clear a O O O O O O
Scattered O O O O O O O
Broken O O O O O O O
Overc ast O O O O O O O
Rainfall
Number of days rain
hasaccumulated
Rainwater in rain
gauge (mm)*
* Remember:
Record 0.0 when there has been no rainfail or snowfall.
Record M if the measurement Is lost or missing for this day.
Record T for trace amount of rainfall (less than 0.5 mm) or snowfall {too small to measure).
GLOBE™ 1997 Appendix ~ 2 Atmosphere
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Atmosphere Investigation Data Work Sheet (Continued)

Sat. Sun. Mon.

Tues.

Wed.

Thur.

Fri.

Date

Hour (Universal Time)

Observer Names

Snowfall

Total depth of snow
on the ground: (mm)

Number of days snow
has accumulated on
the snowboard: (mm)

Depth of new snow on
the snowboard: (mm)*

Daily liquid equivalent
of the new snow: (mm)

Precipitation pH
pH of the rain or
melted snow:

Maximum, Minimum, and Current Temperatures

Current air
temperature:
(in deg rees C)

Maximum daily air
temperature:
(indeg rees C)

Minimum daily air
temperature:
(in deg rees C)

Notes: (Unusual conditions.)

* Remember:
Record 0.0 when there has been no rainfall or snowfall.
Record M if the measurement is lost or missing for this day.

Record T for trace amount of rainfall (less than 0.5 mm) or snowfall (too small to measure).

GLOBE™ 1997 Appendix - 3
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Therearefivedesc  riptive terms for the various types of ¢ louds:
CIRRO or high clouds
ALTO ormiddlec louds
% CUMULUS orwhite puffyc  louds
’\D STRATUSorlayeredc louds

NIMBUS orc louds from which prec  ipitationis falling

Thefollowingtentypesofc  louds,namedusingtheab  oveterms,aretobe  usedwhenrepor ting
the ¢ loud type for your area:

High Clouds

Cirrus
These clouds look like white delicate

feathers. T heyaregenerall ywhitewisp y
forms. T hey cont ainicec rystals.

Cirrocumulus

Thesec loudsare thin white layers witha
texture g iving them the look of patches of
cotton or ripples without shadows. They
cont ain primaril yicec rystalsand perhaps
some very cold water droplets.

GLOBE™ 1997 Appendix -4 Atmosphere
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Cirrostratus

Thesec loudsareathin, almost transparent,
whitish layer madeup oficec  rystals. T hey
may totally or partly cover the sky and can
createa halo appearance around the sun.

Middle Clouds

Altostratus

These clouds form a bluish or grayish veil that
totally orpar tiallyco versthesky . Thelight of the
sun ¢ an be seen through them but there isno
haloeffec t.

Altocumulus

These clouds look like waves of the sea with
white and gray coloring and shadows. They
contain mostly water droplets and perhaps
some ice crystals.

GLOBE™ 1997
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Low Clouds

Stratus

Thesec loudsareg rayandlieveryc losetothe
surface of the Earth. They usuallylook like asheet

layer but sometimes are found in patches. T hey
rarel y produce prec  ipitation.

Stratocumulus

Thesec loudsareag ray orwhitishcolor . Thebases
ofthesec louds tend to be more round than flat.
Theyc anbe formed fromold stratusc ~ loudsor
frome umulusc loudsthatarespreadingout. T heir
topsalso tend to be mostly flat.

Nimbostratus

Thisisaverydarkandg  ray-coloredc loudlayer
that blots out the light of the sun. It is massive
and hasa continuous fallof prec ~ ipitation.

GLOBE™ 1997 Appendix - 6 Atmosphere
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Cumulus
Theseclouds havea flat base and a dense, mound-
shaped top that resembles alarge ¢ auliflower .

Wherethesunhitsthesec  loudstheyare abrilliant
white. T he base tends tobe adarker g ray . They
generall ydonotproduceprec ipitation.

~ 5]

These are large, heavy, and dense c louds. T }:ey
haveagenerall yflat,darksur facewithveryt all
and large tops like the shape of a massive
mount ain or anvil. T hese ¢ louds are often
associated with lighning, thunder and sometimes

hail. T hey may also produce tornados.

Cumulonimbus 3

GLOBE™ 1997
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Glossary

acidic precipitation
Rain or snow with a pH lower than 5.6,
which is the naturally occurring value for
rain or snow inequilibrium with the carbon

dioxideintheair .

aerosols
Liquid or solid particles dispersed or
suspended inthe air . This term is not used

forrainorc loud dropletsnor foricec

air temperature
Ameasureofthedeg  ree ofhotmessor
coldness of the air

cloud
Avisible form of condensed water in the

- atmosphere. T hismayinc ludewaterdroplets
andicec rystals. Inaddition,c louds may
include aerosols orsolid par  ticlessuchas
. those presentin fumes, smoke ordust.

cloud cover
Refers to the amount (in tenths) of the sky
whichisco veredbyc louds.

current temperature
The temperatureat the time the
thermometerisread.

high clouds
These c louds, foundab ove 6,000 m, are
madeupofmostl  yicec rystals.

liquid precipitation
Includes rainfall and drizzle.

local solar noon
SolarnoonisusedinthisT  eachers’ Guide
as the time when the sun appears to have
reached its highest point in the sky during
theday . It occ urs halfway between sunrise
and sunset.

ryst als.

low clouds
Low clouds, found below 2,000 m, mostly
contain water but also can be made up of
snow and ice particles.
maximum temperature
The highest temperature that has occ
since the preceding temperature readingand
reseltingofthe  thermometer .
meniscus
Thec urvedsur face ofaliquid confinedina
narrow tube due tothe adhesion of the liquid
to the interior surface of the tube.
middle clouds
Thesec loudsaremadeupofmostl  yliquid-
water . The base ofthesec  loudsc anrangein. -
height from 2,000 mto 6,000 m.
minimum temperature : .
The lowest temperature that has occ urred
sincethe precedingtemperature readingand
resetingofthe  thermometer .
precipitation
Referstoany orall forms of liquid or solid
waterpar ticles that fall from the atmosphere
andreachEar th'ssur face.
solid precipitation
Includes snow, ice pellets, hail, ice ¢
and, for the purpose of prec
measurements, freezing rain.
water equivalent
The liquid content of a sample of solid
prec ipitation. T hisis determined by melting
the sample and measuring the resulting
amountof water

urred

rystals,
ipitation
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Atmosphere Investigation

Atmosphere Study Site Data Entry Sheet

AR DRI S e e

School Name

Measurement Time:

Year: | Month: [_Select | Day: [ Hour: [ UT

Current Time: 1997 June 18, 20 UT

Name of site: |
Create a unique name that describes the location of your site.

Please supply as much of the following information as you can now. When you obtain additional information click on the

Entry button and go to "Edit a Study Site".
Source of data: O GPS O Other

Latitude: [ deg]  min O North O South of the Equator
(Enter the data in the format 56 deg 12.84 min and mark whether it is North or South) - T e oo

Longitude: r—' deg [ min O East O West of the Prime Mendlan

(Enter the data in the format 102 deg 43.90 min and mark whether it is East or West)
Elevation: | | meters S

Distance of Site to Nearest Building or Tree:]_ meters

Height of Nearest Building or Tree [_“ meters

Surface Cover of Site: Qpaved QO bare ground O short grass (< 10 cm) QOlong grass (> 10 cm)

Enter the most detailed MUC level MUC Code : :

Enter MUC Name : |

R

NOAA/Forecast Systems Laboratory, Boulder, Colorado
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School Name

Measurement Time:

Year: [ Month: [ Select |Day: [ Hour: [ UT

Current Time: 1997 June 19, 16 UT

Study Site Location:[ 020UTSIDE |

Only enter data that was measured at the same measurement time and Study Site Location.

Cloud Obhservations:
Cloud Cover:
Oclear O Scattered QO Broken O Overcast

Cloud Type(s):
. . ) H|gh [:] Clrrus O Clrrocumulus [:] Clrrostratus ) v
. . Middle: [] Altostratus []J Altocumulus . i
: Low : [ Cumulus [J Nimbostratus [J Stratus [J Stratocumulus O Cumulommbus

Comments: [ _ ' ) v

Air__Temperature:

Current Air Temperature: |  degrees Celsius
Maximum Daily Air Temperature: | degrees Celsius
Minimum Daily Air Temperature: | . degrees Celsius
Comments: |

Precipitation:

Enter either Liquid or Solid Precipitation.
Enter T for a trace amount or M for missing data.

LIQUID PRECIPITATION:
Rain Amount : r— mm over 1 |day(s)

pH of Rain:[  measured with|_Select |
Comments: [ :

SOLID PRECIPITATION:
Total Snow Accumulation:[m_ mm

Daily Snow Accumulation: mm overE]day(s)

Liquid Equivalent : | mm

pH of Snow: l measured wnhl Select |

Comments: |

NOAA/Forecast Systems Laboratory, Boulder,Colorado
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School Name

Measurement Time:

Year: | Month: | Select |oay: [ Hour: [ UT
Current Time: 1997 June 18, 20 UT

Study Site Location:|[ 020UTSIDE }

CLOUD COVER:
O Clear O Scattered O Broken O Overcast
CLOUD TYPE:

Low Clouds:

[ Cumulus [[] Nimbostratus

Middle Clouds:

{] Altostratus

GLOBE™ 1997 Appendix-11
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High Clouds:

Cirrostratus
ST

Comments:

.

w

P

NOAA/Forecast Systems Laboratory, Boulder,Colorado
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Hroloay kvesticat

Weekly Measurements:

Transparency

Water Temperature
Dissolved Oxygen

pH

Electrical Conductivity
Salinity

Alkalinity

Nitrate

suggested Sequence of Activities

Read the scientists' letter before you head out into the field.

Water Walk sets the stage for developing interest in water quality/chemistry.

Model Your Watershed provides the big picture view of students’ watershed and the water
study site in relation to this watershed.

Practicing the Protocols guides students through learning how to
use the instruments and following the protocols so they
collect reliable data.

Begin Field Sampling: your class goes to its site and begins the
weekly measurements for water.

Focus on Key Science Ideas by performing the following
Learning Activities: .

Water Detectives and The pH Game introduce students to key water chemistry variables and
to the need for instrumentation to make certain measurements.

Water, Water Everywhere! How Does it Compare? shows students how to analyze trends in
their data and compare their data to other schools’ data. This activity should be ongoing
and repeated regularly as the data accumulates.

Modeling Your Water Balance lets students explore how to use their data for modeling.

Macroinvertebrate Discovery explores the conrnection between water measurements and
aquatic life. This activity could be ongoing and repeated as conditions change.

Start linking water data to other GLOBE data.

GLOBE™ 1997 Welcome -2 Hydrology
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Duplicate and

distribute to
students.

Scientists’ Letter to Students

Dear GLOBE Students,

We are the principal scientists on the GLOBE
Hydrology and Water Chemistry investigation, and we
welcome you to the program. You are participating in
a scientific program that addresses a critical gap in
our knowledge about the Earth.

Hydrology is the study of water, one of the most critical
resources on Earth. Water is essential to all life. You
and your fellow students in schools around the world
will collect what should be the broadest set of
measurements on water quality compiled to date. This
GLOBE program will result in more bodies of water
being sampled at the same time than ever before. We
hope you find this planetary connection exciting, challenging and important.

In measuring the quality of water on your study site, you will learn much about an important
part of your local environment and how it changes throughout the year.

We are very interested in your data and are excited about using the data to answer questions
about planetary and local hydrology. So please let us hear from you. As the year progresses,
you will hear from us with suggestions about how to interpret your data. We hope that together
we can find answers to important water-quality questions.

Very truly yours,

Drs. Roger C. Bales & Martha H. Conklin
Professor & Associate Professor
University of Arizona

Tucson, Arizona, U.S.A

GLOBE™ 1997 Welcome-5 Hydrology
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Meet Dr . Roger C. Bales

ant Dr . Martha H. Gonkiin

Duplicate and
distribute to
students.

Aruitoxt provided by Eic:

Roger C. Bales and Martha H. Conklin teach and smaller bodies of water,

X+ conduct research in hydrology and water resources at including many in agricultural
the University of Arizona in Tucson, Arizona, U.S.A. areas, that are substandard. You

GLOBE: You are co-principal investigators WOUl_d thmk that som.ebody 5
for GLOBEs Hydrology monitoring their quality, but in
measurements and you're married most cases, that's not)so.
to each other? Through GLOBE, we’'ll get

d_. \ information on many more
&Z2/  Dr Conklin:  Right. We have a two-year old streams, rivers and lakes.
: : girl and just had a little boy in . _
January. ' - Dr. Conklin: = There are-many water bodies
around the world and each is

GLOBE: You are a husband-and-wife unique. Students taking,
scientific team. How did you measurements is a wonderful
meet? way to gather information.

Dr. Conklin:  We met at graduate school. We | GLOBE: Why do you need students to
were both interested in water collect data? Why not have
chemistry. scientists or graduate students

collect it?

GLOBE: Water is H,0. What is your
interest in its chemistry? Dr. Bales: We're only a few people. Even

if we went to twice as many

Dr. Bales: It’s the impurities in water that places, we still wouldn't have
are of interest and concern. much coverage.

Dr. Conklin:  You won't find pure water in GLOBE: Are you concerned about things
nature because it is a universal that are put in water by natural
solvent. All kinds of materials sources? By human sources? By
either dissolve in it or are both?
deposited into it. A purpose of N
GLOBE is to understand what Dr. Bales: Both. Impurities—and by

, occurs in water and what impurities | don't mean
. 0 happens when substances like anything that's necessarily bad,
%"L ' chemicals are added to it. just anything other than H,0—
can get in the water because

Dr. Bales: According to the head of the rocks, dust and gases dissolve.
U.S. Environmental Protection Some impurities come from the
Agency, about 40% of the atmosphere in rainfall or
surface waters in this country snowfall, which then enter
are not fishable and streams and lakes. Some

@ swimmable. Often it’s the impurities come when humans

GLOBE™ 1997 Welcome -6 Hydrology
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GLOBE:

Dr. Conklin:

GLOBE:

Dr. Bales:

GLOBE:

Dr. Conklin:

dump waste into streams or
lakes.

You mentioned the exposure of
water to rocks. Do rocks dissolve
in water?

Yes, but very slowly. You can
see the long-term-effect in old
mountain ranges like the
Appalachians. They’re
weathered and not so high.

Why would bodies of water near
agriculture be polluted?

Growing crops involves the use

of fertilizers and pesticides. You

want the fertilizer and
pesticides to stay in the field for
the crops or to control pests.
Unfortunately, rainwater and
irrigation water carry some of
those away to streams and
lakes. Or into the ground water.

Have students collected data for
hydrologists before?

Students have collected data on
lake and river systems, but not
on GLOBE? scale.

The young Roger Bales spelunking at age 16.

GLOBE:

Dr. Bales:

Tell us a little about yourselves.
Where you were born? Where did
you grow up?

MIIAUIYU] SISRUIPS

[ was born in Lafayette,
Indiana, and graduated from
high school in Bloomington,
Indiana. [ got a degree from
Purdue University in civil and
environmental engineering.

Martha Conklin at age 15 on the Brighton sea shore.

Dr. Conklin:

GLOBE:

Dr. Conklin:

Then 1 took a master’s degree in
the same fields at the University
of California in Berkeley.

[ was born in New Jersey, but
soon my family moved to
Illinois. Then we moved to
Europe, which was quite a
contrast. We lived in Holland
for five years, where [ became
interested in science. Then I
went to boarding school in
England for two years, then
came back and finished high
school outside Boston.

Did anyone discourage you from
pursuing science because you were
a woman?

No. I went to mainly all-girl
schools, so there was never any

GLOBE™ 1997
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‘)‘{ question about whether girls trying to figure out what
E could do science or math. actually is happening.
GLOBE: When did you get into hydrology? | GLOBE: As a scientist you find failed
experiments beneficial?
© Dr. Conklin:  In graduate school. I became
\ » interested in what reactions Dr. Conklin:  Right. They are much more
i\;%\\\ occur in atmospheric droplets. beneficial than if they turned
k,:"‘\ So I studied water chemistry. out the way I thought they
~ .
would. If it turns out that the

GLOBE: What was happening? results are different, that

implies that my hypothesis is

Dr. Conklin: ~ We had just discovered that incorrect and 1 have to come up
acid fogs occur, which are with a new one. That’s the

' , worse than acid rain. A rain exciting thing about science.

é: : droplet falls through the

=) atmosphere quickly, pickingup | GLOBE: So science would be almost boring
pollutants in the air, but fog if the hypothesis was always
droplets can be in the air for correct?
hours. They absorb more
pollutants, and animals and Dr. Conklin:  Terribly boring!
people are more likely to
breathe them. GLOBE: When you understand the
mechanism of something, does

GLOBE: What do you do for fun and that mean that you can predict
recreation? what will happen?

Dr. Bales: Play with our kids. We also Dr. Bales: Exactly. Once we understand
have two Labrador retrievers why things happen, we can say,
and a cabin in the mountains “Well, if we have changes in the
above Tucson. I'm an avid future, this is how the stream is
hiker, mountain climber and going to respond.” I'm in the
skier, and we still do as much business of predicting how
of that as we can, as well as ride streams or lakes respond to
our bicycles. things like climate variability,

global climate change or acid

GLOBE: Have you had an Archimedes-like deposition.

“Eureka!” when you made a
discovery on something you'd been | GLOBE: What is acid deposition?
working on?
Dr. Bales: That’s when rain or snow has a
Y\ Q0 Dr. Conklin:  I'm an experimentalist, not a very low pH because it has
B theorist. I do laboratory dissolved strong acids from the
' experiments to try to atmosphere, many of which are
understand processes that produced by human activity.
occur. | get excited when the Acid rain plays havoc with a
data from lab experiments do number of ecological niches.
not match what I think is going
to happen. The fun thing is GLOBE: I think of acid as something that
@ burns the skin. Yet acid rain
GLOBE™ 1997 Welcome-8 Hydrology



doesn’t feel different from any something about a field, I'll find
other kind of rain. What is it someone who does. So I also
about acid rain that makes it acid make new friends.
rain?
Dr. Bales: People need to make intelligent
Dr. Bales: Its a strong acid that’s mixed decisions about the Earth, even
with water. It has a lower pH if they do so just as voters. So
than natural rainfall. Its not as when 1 teach students about
acidic as lemon juice or battery climate warming, about air
acid or something like that. But pollution, about water
it could be as acidic as vinegar. pollution so they understand
In extreme cases, fog water the Earth a little better, I find
could be as acidic as lemon that very rewarding,.
juice. The main source of the
acidity is the burning of fossil GLOBE: Don'’t you already know enough?
fuels such as gasoline, coal, and What drives you to want to know
natural gas.- more? :
GLOBE: And the eniissions from the Dr. Conklin:  Environmental systems have so’
' burning of these fossil fuels get many components to them that
into the atmosphere and interact it's impossible for one person to
with the water? ever know enough to
understand them totally, but
Dr. Bales: Rainfall or snowfall scavenges the more you know, the better
these acids out of the your guesses are about what’s
atmosphere and they come happening to them.
back down to Earth. What goes
up, comes down. GLOBE: Did you have heroes when you
were growing up?
GLOBE: What are the rewards of science?
What do you get out of it? Dr. Conklin:  One reason I'm interested in
environmental science is that |
Dr. Bales: You {eel you're contributing to always felt a need to make the
an understanding of society’s world a better place. So if 1
potential problems, and have heroes it’s the scientists
hopefully you're contributing to who have tried to do that. Two
solutions. We examine the past, are Linus Pauling, who got
as in the case of Greenland, in Nobel Prizes in both chemistry
order to get a clue to what the and peace, and Albert Einstein.
future may hold. How our
environment may change as we GLOBE: Do you have international
burn more fossil fuels and colleagues?
change our atmosphere and
waters. Dr. Bales: Of course. We can't do
everything ourselves and they
Dr. Conklin:  One of the most exciting things can't do everything themselves,
about science is that [ keep so we cooperate and share
getting new knowledge and in resources and data.
doing so, 1 also keep meeting
new people. If I dont know
GLOBE™ 1997 Welcome-9 Hydrology
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GLOBE:

Dr. Conklin:

GLOBE:

As scientists, what are your days GLOBE:

like? Do you have labs?

My average day now is working
in my office, teaching,
interacting with students,
preparing classes, writing,
analyzing my students’ data,
working on the computer a lot.
I go into the lab to see how
people are doing.

It sounds like more and more
scientific work is occurring on the
computer. Is that true?

:

GLOBE:

E ;

N

Dr.

Dr. Conklin:

Dr. Bales:

Bales examining Ice corés 0;1
the Greenland ice sheet

GLOBE:

Yes, collecting data is not
enough. You have to
understand it. So a lot of data
analysis is done on the
computer.

Most days, 1 spend a few hours
preparing and teaching class.
Then [ spend an hour or two at
the computer, corresponding
with other scientists, reading
and commenting on my
students’ work, or outlining
things for my collaborators.
Then [ spend an hour or two
with my graduate students. The
rest gets taken up by meetings
and university business.

GLOBE:

Dr. Bales:

Dr. Bales:

Dr. Bales:

Have you any funny anecdotes
about your work?

I work a lot in mountain
snowcaps because most of the
water there falls as snow rather
than rainfall, at least in the
western U.S. And it seems
ironic that I went to school all
these years to get a Ph.D. only
to go out and spend days
digging holes in the snow with
a shovel! When my mother sent
me to college, she didn't tell me
I'd be digging holes someday.

So scientists can measure the
introduction of impurities into the

. atmosphere by examining ice core

samples that have been around for
100, 10,000 or even 100,000
years?

Yes. In fact, I spent four weeks
last summer on the Greenland
ice sheet drilling ice cores. |
slept in a tent on the ice for
about 12 days.

So you’re surrounded by ice.
Anything else?

It’s all white and blue. Snow
and sky. Of course, the sun
didn't set because we were way
up north in the summer or
spring. We were drilling ice
cores and wanted to get done as
soon as possible before a storm
came in. You see the advent of
the Industrial Revolution in the
ice. A period of over three
hundred years is very clear in
the ice cores we did last
summer. We also see forest fire
signals in the ice core.

How do you hope students will
benefit from GLOBE?

GLOBE™ 1997
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Dr. Conklin:

GLOBE:

Dr. Conklin:

Dr. Bales:

GLOBE:

Dr. Conklin:

GLOBE:

| hope students learn how to
determine the health of an
environmental system. Society
assumes that we can keep
dumping pollutants and
somehow the environment will
take care of them. | hope that
by checking their water systems
and so on, students have some
sense of whether they are
healthy or polluted. I also hope
they learn how to make good
measurements.

Why should a student today
consider entering your field?

Water is one of our most
important resources. Hydrology
is a very good field that will
become more important as
clean water becomes scarcer.

Students want to do something
that is not only interesting and
gets them outdoors, but also
contributes to a better
environment and a better
society. Our profession
definitely does that because
water is fundamental to all life
on Earth.

Do you have any advice for
students who want to get involved
in Earth sciences or hydrology in
particular?

I hate to say it, but learn the
basics. Math, physics,
chemistry, biology. And learn
how to ask questions, because
those who ask the right
questions will make the most
important discoveries. And also
learn how to write.

Why do you have to learn how to
write?

Dr. Conklin:

Dr. Bales:

You could be brilliant, but if
you can't communicate your
results to other people, no one
will know about them.

And learn as much about
nature by direct experience as
you can.

GLOBE™ 1997
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The Big Picture

We do not just drink water; we are water. Water
constitutes 50 to 90 percent of the weight of all
living organisms. It is one of the most abundant
and important substances on the Earth. Water
sustains plant and animal life, plays a key role in
the formation of weather, helps to shape the
surface of the planet through erosion and other
processes, and covers roughly 70% of the Earth’s
surface.

Water continually circulates between the Earth’s
surface and its atmosphere in what is called the
hydrologic cycle. The hydrologic or water cycle,
is one of the basic processes in nature. Responding
to heat from the sun and other influences, water
from the oceans, rivers, lakes, soils and vegetation
evaporates into the air and becomes water vapor.
The water vapor rises into the atmosphere, cools,
and turns into liquid water or ice, forming clouds.
When the water droplets or ice crystals get large
enough, they fall back to the surface as rain or
snow. Once on the ground, water does one of three
things; some of it filters into the soil and is either

the reservolrs of avallable water In 10° Km’.

absorbed by plants or percolates downward to
groundwater reservoirs. Some runs off into
streams and rivers and eventually into the oceans.
Some evaporates.

The water in a lake, the snow on a mountain, the
humid air or the drop of morning dew are all
part of the same system. The total annual water
loss from the surface of the planet equals the
Earth’s total annual precipitation. Changing any
part of the system, such as the amount of
vegetation in a region or land uses, affects the
rest of the system.

Despite its abundance, we cannot use most. of

Earth’s water. If we represent the Earth’s water as

100 liters, 97 of them would be seawater. Most
of the remaining three would be ice. Only about
3 mL out of the whole 100 liters would be water
that we can consume; that water is pumped from
the ground or taken from fresh water rivers and
lakes.

Water participates in many important chemical
reactions, and most substances are soluble in
water. Due to its effectiveness as a solvent, truly

G

Groundwater
(9.5)

After Mackenzie and Mackenzie 1995, and Graedel and Crutzen, 1993
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pure water rarely occurs in nature. Water carries
many natural and human-introduced impurities
as it travels through the hydrologic cycle. These
impurities give each water its distinctive chemical
makeup, or quality. Rain and snow capture small
dust particles or aerosols from the air, and sunlight
causes emissions from the burning of gasoline and
other fossil fuels to react with water to form
sulfuric and nitric acids. These pollutants return
to Earth as acid rain or snow. The acids in the water
slowly dissolve rocks, placing dissolved solids in
water. Small but visible pieces of the rocks and
soils also enter the water, resulting in suspended
solids and making some waters turbid. When
water percolates into the ground, it is in very close
contact with rocks and more minerals dissolve into
the water. These impurities dissolved or
suspended in water determine its quality.

In this investigation, students will measure the
following key indicators of water quality.

Transparency

Light, essential for growth of green plants, travels
further in clear water than in either turbid water
that contains suspended solids or colored water.
Two methods that are commonly used to measure
the transparency, or degree to which light
penetrates into water, are the Secchi disk and
turbidity tube. Secchi disk transparency was first
measured in 1865 by Father Pietro Angelo Secchi,
scientific advisor to the Pope. This simple and
widely used measurement is the depth at which a
20-cm black and white disk lowered into water
just disappears from view, and reappears again
when raised. An alternate measure of transparency
is obtained by pouring water into a tube with a
pattern similar to that of a Secchi disk on the
bottom and noting the depth of water in the tube
when the pattern just disappears from view. The
Secchi disk is used in deeper, still waters; the
turbidity tube can be used with either still or
flowing waters and can be used to measure shallow
water sites or the surface layer of deep water sites.

Sunlight provides the energy for photosynthesis,
the process by which plants grow by taking up
carbon, nitrogen, phosphorus and other nutrients,
and give off oxygen. Thus penetration of sunlight

into a water body determines the depth to which
algae and other plants can grow, and the relative
amount of growth. Transparency decreases as
color, suspended sediments, or algal abundance
increases. Water is colored by the presence and
action of some bacteria, phytoplankton, and other
organisms, by chemicals leached from soil, and
by decaying plant matter. Therefore, the amount
of plant nutrients coming into a body of water
from sources such as sewage treatment plants,
septic tanks, fertilizer run-off, and wind and water
born plant debris affects transparency. Suspended
sediments often come from sources such as
agriculture, construction, storm runoff and
resuspension of bottom sediments.

Most natural waters have transparency ranging
from 1 meter to a few meters. A low value, under
1 meter, would be expected in a highly productive
body of water. A low value can be due as well toa
high concentration of suspended solids. Extremely
clear, unproductive lakes or coastal waters can
have transparency up to 30 - 40 m as can the areas
around coral reefs.

Water Temperature

Water temperature is largely determined by the
amount of solar energy absorbed by the water and
the surrounding soil and air. More solar heating
leads to higher water temperatures. Water that has
been used in manufacturing and discharged into
a water body may also increase water temperature.
Water evaporating from the surface can lower the
temperature of the water but only for a very thin
layer at the surface. We need to measure water
temperature to understand the patterns of change
over the year because the temperature of a water
body strongly influences the amount and diversity
of its aquatic life. Lakes that are relatively cold
and have little plant life in winter bloom in the
spring and summer when water temperatures rise
and the nutrient-rich bottom waters mix with the
upper waters. One also finds periods of mixing in
the fall. Because of this mixing and the warmer
water temperatures, the spring overturn is
followed by a period of rapid growth of
microscopic aquatic plants and animals. Many fish
and other aquatic animals also spawn at this time
of year when the temperatures rise and food is
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abundant. Shallow lakes are an exception to this
cycle, as they mix throughout the year. One
concern is that warm water can be fatal for
sensitive species, such as trout or salmon, which
require cold, oxygen-rich conditions.

Dissolved Oxygen

Water is a molecule made of two hydrogen atoms
and one oxygen atom - hence, H,O. However,
mixed in with the water molecules of any body
of water are molecules of oxygen gas (O,) that
have dissolved in the water. Dissolved oxygen is
anatural impurity in water. Aquatic animals, such
as fish and the zooplankton they feed on, do not
breathe the oxygen in water molecules; they
breathe the oxygen molecules dissolved
throughout the water. Without sufficient levels
of dissolved oxygen in the water, aquatic life

suffocates. Dissolved oxygen levels below 3 mg/L

are stressful to most aquatic organisms.

.

In the atmosphere, roughly one out of every five
molecules is oxygen, in water, about one to ten
molecules in every million molecules are oxygen.
Vigorous mixing of air and water, such as in
turbulent streams, increases the amount of
oxygen dissolved in water. So does photosynthesis
by aquatic plants. Oxygen is consumed by fish,
zooplankton, and the bacteria that decompose
organic materials. Organic materials such as dead
plant and animal matter enter streams naturally
in water draining from forests and grass or crop
lands. Another source of organic matter is outfalls
from sewage treatment plants. Whatever the
source, we tend to find low dissolved oxygen
levels, well under half the saturated value, in slow-
moving streams near sources of organic matter.
In addition, warm water holds less oxygen than
cold water, so critical periods for fish and
zooplankton tend to occur in summer. For
example, at 25° C, dissolved oxygen solubility is
8.3 mg/L, whereas at 4° C the solubility is

13.1 mg/L.
pH

pH is a measure of the acid content of water. The
pH of a water influences most of its chemical
processes. Pure water with no impurities (and not
in contact with air) has a pH of 7. Water with

impurities will have a pH of 7 when its acid and
base content are exactly equal and balance each
other out. At pH values below 7 we have excess
acid, and at pH levels above 7 we have excess
base in the water.

The pH scale is different from the concentration
scale we use for other impurities. It is logarithmic,
which means that a one-unit change in pH
represents a factor of ten change in the acid
content of the water. Thus water with a pH of 3
has ten times the acid content of water with a pH
of 4, which in turn has ten times the acid content
of water with a pH of 5.

Natural, unpolluted rain has a pH between 5 and
6, so even rain water from the least polluted place

‘on Earth has some natural acidity. This natural
‘acidity is the result of carbon dioxide from the air

dissolving in the rain drops. Distilled water which .
is in equilibrium with the air will have this same

pH. The most acidic rain has a pH of about 4,
though urban fogs with pH of less than 2 have
been measured. Most lakes and streams have pH’s
in the range of 6.5 to 8.5. One can find waters
that are naturally more acidic in areas with certain
types of minerals in the soil, (e.g., sulfides). Mining
activity can also release acid-causing minerals to
a stream. Naturally basic waters are found typically
in areas where the soil contains minerals such as
calcite or limestone.

The pH of a water body has a strong influence on
what can live in it. Salamanders, frogs and other
amphibian life are particularly sensitive to low pH.
Most insects, amphibians, and fish are absent in
water bodies with pH below 4.

Electrical Conductivity

Pure water is a poor conductor of electricity. It is
the impurities in water, such as dissolved salts,
that enable water to conduct electricity. Since we
lack the time or money to analyze water for each
substance, we have found a good indicator of the
total level of impurities in fresh water to be its
electrical conductivity - how well a water passes
electrical current. The more impurities in water,
the greater its electrical conductivity.
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For most agricultural and municipal uses, we
want water that has a total dissolved solids content
well below 1000-1200 parts impurity per million
parts water by weight (ppm), or an electrical
conductivity (ability to pass electrical current)
below about 1500-1800 microSiemens/cm (Note
that 1 ppm = 1mg/L). Above these levels, one can
expect damage to sensitive crops. For household
use, we prefer water with a total dissolved-solids
content helow about 500 ppm, or below a
conductivity of about 750 microSiemens/cm. The
residues left on “clean” dishes just out of the
automatic dishwasher are a product of dissolved
solids in water. Manufacturing, especially of
electronics, requires impurity-free water. Pure,

alpine snow from remote areas has a conducuvuy
of about'3-30 m1cr051emens/cm e

Salinity

The sea is salty; it has a much higher dissolved
solids content than do fresh waters. Salinity is a
measure of that saltiness and is expressed in parts
impurity per thousand parts water. The average
salinity of the Earth’s oceans is 35 parts per
thousand (35 ppt). Sodium and chloride, the
components of common table salt (NaCl),
contribute the most to the salinity. Since the
proportion of chloride in seawater changes little
from place to place we can also measure the
chloride content, referred to as chlorinity, to
estimate the total salinity. In bays and estuaries
we can find a wide range of salinity values, since
these are the regions where freshwaters and
seawater mix. The salinity of these brackish waters
is between that of freshwater, which averages
0.5 ppt, and seawater.

Every continent on Earth also has inland lakes
that are saline. Some of the more prominent
examples are the Caspian Sea in Central Asia, the
Great Salt Lake in North America, and several
lakes in the Great Rift Valley of East Africa. Some
of these are even more saline than seawater.
Waters acquire salinity because rivers carry salts
that originated from the weathering or dissolving
of continental rocks. When water evaporates the
salts stay behind, resulting in a buildup of
dissolved material. At some point the water
becomes saturated with solids, they precipitate out

as solids, and they settle out of the water. Whereas
the ocean’ salinity changes slowly, over many
millennia, the salinity of inland waters can change
more quickly when rainfall or snowmelt patterns
change.

The salt content of a water body is one of the
main factors determining what organisms will be
found there. Thus fresh waters and saline waters
are inhabited by quite different organisms. Plants
and animals that live in or use freshwater (below
1 ppt) generally have a salt content inside their
cells that is greater than the water they inhabit or
use. They tend to give off salts as waste products.
Saltwater plants and animals have a salt content
equal to or less than the salinity of the surrounding
water, and thus have different mechanisms, for
maintaining their salt balance. In brackish waters
(salinity values of 1 - 10 ppt) we find.plants and
animals that can tolerate changes in salinity.

Alkalinity

Alkalinity is the measure of a water’s resistance to
the lowering of pH when acids are added to the
water. Acid additions generally come from rain
or snow, though soil sources are also important
in some areas. Alkalinity is generated as water
dissolves rocks containing calcium carbonate such
as calcite and limestone. When a lake or stream
has too little alkalinity, typically below about 100
mg/L, a large influx of acids from a big rainfall or
rapid snowmelt event could (at least temporarily)
consume all of the alkalinity and thus drop the
pH of the water to levels harmful for amphibians,
fish or zooplankton. We find lakes and streams
in areas with little soil, such as in mountainous
areas, are often low in alkalinity. These water
bodies can be particularly sensitive in the spring
during periods of rapid snowmelt. Because
pollutants tend to wash out of a snowpack during
the first part of snowmelt, we often encounter a
higher influx of acidic pollutants in spring, which
is also a critical time for the growth of aquatic
life.

Nitrate

Plants in both fresh and saline waters require three
major nutrients for growth: carbon, nitrogen and
phosphorus. In fact, most plants tend to use these
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three nutrients in the same proportion, and cannot
grow if one is in short supply. Carbon is relatively
abundant in the air as carbon dioxide which
dissolves in water, so a lack of either nitrogen or
phosphorus generally limits the growth of aquatic
plants. In some cases trace nutrients such as iron
can also be limiting, as can sunlight. Nitrogen
exists in water bodies in numerous forms:
dissolved molecular nitrogen (N,), organic
compounds, ammonium (NH_*), nitrite (NO,")
and nitrate (NO;). Of these, nitrate is usually the
most important. Nitrite is usually only present in
suboxic waters (low dissolved oxygen levels). The
nitrate form of nitrogen found in natural waters
comes naturally from the atmosphere in rain,
snow, fog or dry deposition, or from the decay of
organic material in soil and sediments. It can also
come from agricultural runoff; farmers add
nitrogen fertilizer to crops, some of which drains
out of the soil when it rains.

When an excess amount of a limiting nutrient
such as nitrogen is added to a lake or stream the
water becomes enriched and further growth of
algae and other plants ensues. We call this process
of enriching the water eutrophication. The resulting
excess plant growth can cause taste and odor
problems in lakes used for drinking water, can
cause nuisance problems for users of the water
body, or can adversely affect fish and other aquatic
animals. Concerns about excess nitrogen or
phosphorus in lakes and coastal waters are often
associated with sewage discharges. Concentrations
of nitrate should always be expressed as elemental
nitrogen. Thus nitrate is expressed as nitrate
nitrogen (NO, —N) in milligrams per liter (that is,
14 g of nitrogen per mole of NO,) and never as
NO, (that is 62 g per mole NO,”). Most natural
waters have nitrate levels under 1 mg/L nitrate
nitrogen, but concentrations up to 10 mg/L nitrate
nitrogen are found in some areas.

The Importance of Measurements

What is the condition of the Earth’s many surface
waters - the streams, rivers, lakes, and coastal
waters? How do these conditions vary over the
year? Are these conditions changing from year to
year? Through the GLOBE Hydrology Investigation,
your students, together with students at other

GLOBE schools, address these questions by
continuous, widespread monitoring of natural
waters. Our knowledge of national and global
trends in water quality is based on sampling at a
very few representative sites. This sampling has
generally been done only a few times. For
example, our information on many lakes is based
on sampling done only once or twice more than
ten years ago. Before we can assess changes, we
need reliable information on current conditions.
When changes are already underway, comparison
of affected and unaffected areas can help us
understand what is happening.

Measures of dissolved oxygen and pH directly
indicate how hospitable a body of water is to

;aquatic life. Again, it is'interesting to both follow
‘the annual cycle of dissolved oxygen,'lalkalinity

and pH, and to make comparisons between
different water bodies. We can ask such'ciuestions
as: are dissolved oxygen levels always at the
maximum allowed by the temperature of the
water, or are they depressed during part of the
year? If they are low, we want to know the cause.
We can see if pH becomes depressed right after a
rain or when there is a lot of snowmelt running
off into the lake or stream. If we do find a
depression in pH, we would expect that this water
had a low level of alkalinity. In fact, we should
expect that waters with a low alkalinity would
have a depression in pH following rainfall or
snowmelt. But we must make the measurement
to confirm whether or not that really happens.

Students should make this suite of GLOBE
measurements with at least two societal goals in
mind. First, we want to develop a better
understanding of our local land and water
resources. This knowledge can help us make more
intelligent decisions about how we use, manage
and enjoy the resources. Second, we want to assess
the extent to which human activities are affecting
the quality of our water and thus affecting how
we will be able to use it in the future. In most
countries current measurement programs cover
only a few water bodies at a few times during the
year. We hope the measurements you make in
the GLOBE program will help fill this gap and
improve our understanding of the health of Earth’s
natural waters.
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Preparing for the Field

Overview

Students will take samples of water from a selected
body of water, process the samples to determine
their composition, and analyze the data to come
to better understand the quality of water and its
impact on their environment.

Table HYD-I-1 lists the recommended protocols
for the three levels of GLOBE. Teachers should
use their own judgment as to which protocols are
consistent with their students’ abilities. Please note
that the more advanced protocols involve special
safety considerations.

; Table HYD-I-1: Hydrology Measurement Levels

Measurements
transparency
temperature

pH (paper)
conductivity or salinity
transparency
temperature

dissolved oxygen

pH (pen or meter)
conductivity or salinity
alkalinity

nitrate

Level
Beginning

Intermediate/
Advanced

Measurement Schedule

Measurements must be made one day per week,
at the same time of day and on the same day of
the week. Weekly measurements are particularly
important during those times of the year when
hydrology sites are undergoing rapid change.
Samples can be collected for all protocols at each
site visit.

Site Selection (in order of preference)

1. Stream or river

Lake, reservoir, bay or ocean

Pond

An irrigation ditch or other water body if

one of the above is not accessible or
available within your GLOBE Study Site.

Student Groups

Measurements should be taken by groups of 2-3
students. Tasks within a group include collecting
samples, processing samples, and recording data.
It is very useful to have multiple groups testing
for each parameter (for example, two groups
measure dissolved oxygen). This allows more
students to get involved and builds in some
quality control. Groups of students conducting
the same test should look at each other’s results -

2.
3.
4.

to determine if the data are similar. If there are

different results for the same sample, students
should check the procedures and redo the test to
determine what caused the difference. Data quality
control should be an important part of the science
and the learning experience.

Overview of Educational
Activities

When the protocols for conducting each
measurement are combined with the Learning
Activities, a comprehensive program for
understanding the chemistry of water bodies is
established. There may be a temptation to have
students merely take measurements and enter the
data on the GLOBE data pages. However, gaining
knowledge about science content, processes, and
critical thinking skills are our educational goals.
The Learning Activities will assist you in providing
the context for the Protocols.
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Student Learning Goals Forming and testing hypotheses

Designing experiments, tools, and models
This investigation develops students’ Using water quality measurement equipment
understanding of the importance, unique Using tools to enhance the senses

properties and content of water. Through
applications of water analyses, students come to
understand water chemistry and how it is
important in understanding the health of aquatic
environments.

Creating and reading graphs

Calculating averages

Making comparisons over space and time
Analyzing data for trends and differences

Using the GLOBE database
Upon completing all of the activities in this

investigation, students should know and | Student Assessment

understand the following concepts and skills.
Individual assessment of students’ roles in this

Concepts project and peer grading can be used, and the total

Water chemistry is an important aspect of study incorporated in students’ portfolios. GLOBE
habitat requirements Science Notebooks can be regularly assessed to

‘Témperature can affect other water chemistry | chart the students’ progress in understanding key
factors s .. {.science concepts, processes, and skills. They also

Water chemistry affects species diversity can be the foundation for the development and

Instruments can enhance what your senses assessment of communications skills, both written
tell you about what is in water and oral. Reports and presentations should be

Data are used to pose and answer questions designed using the material in the GLOBE Science

Graphs and maps are valuable tools for Notebooks.
visualizing data In addition to entering the data into the GLOBE

Accuracy and precision are important when Student Data Server, at levels where it is
taking measurements educationally appropriate, students should

The soil stores water, and its water content is | analyze their data and write reports. Have students
related to the growth of vegetation write about the parameters they tested and

Where rainfall goes depends on your site compile all the individual reports into a complete
characteristics study of the site. Submit the study to local and

Higher temperatures and longer periods of state agencies that govern water and water quality.
sunshine increase evapotranspiration

Water flows can change over time References

Water balance can be modeled using T.E. Graedel and PJ. Crutzen (1993) Atmospheric
temperature, precipitation, and latitude Change: An Earth System Perspective. WH. Freeman
data : and Company, New York

Skills ET. Mackenzie and J.A. Mackenzie (1995) Our

Changing Planet: An Introduction to Earth System
Science and Global Environmental Change. Prentice
Hall, New Jersey.

Making observations

Applying field sampling techniques
Calibrating scientific equipment

Following directions in methods and test kits
Recording and reporting data accurately
Reading a scale

Communicating orally

Communicating in writing

Asking Questions
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How to Perform Your Hydrology Investigation
Collecting the Water Sample

Water Transparency Protocol
Students will first measure water transparency at their undisturbed sampling site.

Water Temperature Protocol

Immediately after collecting their water sample or in situ, students will measure the
temperature of the water.

Dissolved Oxygen Protocol
Students will measure the dissolved oxygen in their water sample or in situ.

PH Protocol

Students will measure the pH of their water sample. Method one uses pH indicator
paper, and method two uses pH pens or pH meters.

Electrical Conductivity Protocol

Students will measure the electrical conductivity of their fresh water sample.

Salinity Protocol

Students will measure the salinity of their salty or brackish water sample using
a hydrometer.

Optional Salinity Titration Protocol
Intermediate or advanced students will measure the salinity of their salty or
brackish water sample using a chlorinity titration.

Alkalinity Protocol
Students will measure the alkalinity of their water sample.

Nitrate Protocol
Students will measure the nitrate-nitrogen content of their water sample.

GLOBE™ 1997 Protocols -1 Hydrology
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Preparing For Your
Hydrology
Measurements

Selecting the Hydrology Study Site

Ideally, the Hydrology Study Site will be within a
watershed that is a prominent feature in the 15
km x 15 km GLOBE Study Site. Within this
watershed, select a specific site where the
hydrology measurements (water temperature,
transparency, pH, dissolved oxygen, alkalinity,

electrical conductivity or salinity, and nitrate) will

be taken. If there is a water body of special interest

~ within your watershed, by all means choose that.
‘Otherwise, the water bodies in order of preference
" are:

1. Stream or river

2. Lake, reservoir, bay, or the ocean

3. Pond
An irrigation ditch or other water body may be
used if one of the above is not accessible or
available within your GLOBE study site.

You should collect all water samples from the same
place at the hydrology site each time. This is called
the sampling site.

If the site is a moving body of water, like a stream
or a river (lotic), locate your sampling site at a
riffle area ( a place where the water is moving but
not too fast) as opposed to still water or rapids. If
the site is a still body of water, like a lake or
reservoir (lentic), find a sampling site near the
outlet area or along the middle of the water body,
but avoid taking samples near an inlet. A bridge
or a pier are good choices. If your brackish or
salty water body is affected by tides, you will need
to know the times of high and low tide at a location
as close as possible to your study site.

Site Description

Once you have selected your hydrology site, be
sure to identify the coordinates of this site with
the GPS receiver. Enter the location plus other

site description information requested on the
Hydrology Investigation Site Selection Data Entry
Sheet. For the salinity protocols, you will need to
know the latitude and longitude of the location
for which you will report the times of high and
low tide. You can measure these using a GPS
receiver and following the GPS Protocol or obtain
them from those who provide the high and low
tide information.

Frequency

Collect all water-chemistry measurements at
roughly the same time each day, on a weekly basis.
If your sampling site freezes over in winter or runs
dry, be sure to enter this information on the data -
sheet each week until you again have free-flowing
surface water to measure.

Note: Certain times of the year provide more
exciting measurements. When runoff is occurring
on a river, the increased flow and sediment
will dramatically change water-chemistry
measurements. Just after ice melts off a lake is
also a dramatic time because various layers of
water in the lake are mixing with layers near or at
the bottom of the lake. Often layers near the
bottom end up on top near the surface, thus
adding surprising changes to your measurement
results. Be observant of seasonal and monthly
changes.

Quality Assurance and Quality Control

A quality assurance and quality control (QA/QC)
plan is necessary to ensure that test results are as
accurate and precise as possible. Accuracy refers
to how close a measurement is to true value.
Precision means the ability to obtain consistent
results. Reliability in both accuracy and precision
is achieved by:

* Collecting the water sample as directed

* Performing tests immediately after
collecting the water sample

* Careful calibration, use and
maintenance of testing equipment

GLOBE™ 1997
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* Following the specific directions of a
protocol exactly as described

* Repeating measurements to check their
accuracy and to understand any sources
of error

* Minimizing contamination of stock
chemicals and testing equipment

* Checking to be sure the numbers
submitted to the GLOBE Student Data
Server are the same as those recorded
on the Hydrology Investigation Data
Work Sheet.

Calibration

Calibration is a procedure to check the accuracy
of testing equipment. For example, to ensure that
the pH instruments are functioning properly, a
solution of known value: is tested. Calibration
procedures vary among the measurements and are
detailed in each protocol. Certain calibrations must
be done the same day as the field measurements.
Some calibration procedures may be done in the
classroom just before taking the equipment out
into the field. However, in some cases, it may be
necessary to check the calibration again in the field
by doing a field measurement of a known value
solution. See pH and Electrical Conductivity
Protocols.

Important: The sequence in which the
measurements are performed is important.
Transparency measurements should be taken first,
followed immediately by the water temperature
measurements and the dissolved oxygen test, then
pH, electrical conductivity or salinity, alkalinity,
and nitrate.

Important: Dissolved oxygen measurements have
limited value unless the temperature of the water
is known. Measure dissolved oxygen only if you
measure water temperature. If your site is a salty
or brackish water you also must measure salinity
in order to interpret the dissolved oxygen
measurements.

Repeated Measurements

Divide your class into at least two groups for each

measurement. Once one group has finished their
measurement, have them hand the equipment to
the second group. Both groups use the same
bucket of water for the measurement.

If the values found by the two groups differ
significantly, the measurement should be repeated
by a third group and perhaps repeated by the first
two groups. The following are the maximum
acceptable differences between measured values.

Measurement Maximum Difference
Promptness and Sequence When - 10
Making Measurements ransparency - em

_ Water Temperature  0.5°C
T.estmg for transparency, tempera.turef, gnd Dissolved Oxygen 0.4 mg/L (La Motte ki)
dissolved oxygen should be done on site (in situ) _
immediately after obtaining the water sample. Do _ 1.0 mg/L (Hach kit
not let the bucket of water sit for more than a half pH (us?ng paper) 1.0 pH unit
hour before taking measurements. Take a new | | PH (using pen or _
sample if this happens. If unavoidable, samples meter) 0.2 pH unit
may be bottled (see Bottling Technique in Conductivity 2% of full scale
collecting your water sample) and tested in the (40 pS/cm)
classroom. However, we strongly recommend that Salinity (hydrometer) 0.4 parts per thousand
all testing be done at the sampling site. We do not Salinity (titration kit) 0.4 parts per thousand
recommend doing the dissolved oxygen test in the Alkalinity 4 mg/L as CaCO,
classroom since the analysis should be done within (La Motte Kit)
30 minutes of collection. Measurement of pH and 1 drop (Hach Kit):
nitrate (within 2 hours), alkalinity, electrical 17 mg/L as CaCO,
conductivity or salinity (within 24 hours) may be (high range)
done later in the classroom if necessary. 6.8 mg/L as CaCO,
(low range)

Nitrate 1.0 mg/L

GLOBE™ 1997 Protocols- 3 Hydrology

j S

uopobgsanuj ABojoipAH 1noj uLIof1ad 03 MOH

SWOS[SA / |

$102030.d N\ &@gpnpmmg 7\

xipusddy [\ sapiamdy Sunues/\

\



\f: Each group should use its own Hydrology
Investigation Data Work Sheet. The value
submitted to the GLOBE Student Data Server
should be an average of all values obtained that
meet the above criteria. Discard values that fall

far outside the maximum differences. Note that
%\S\\\ for water transparency, all values should be
t . submitted to the GLOBE Student Data Server.

Disposal of Liquid Waste

After tests have been conducted, all solutions
(except for the nitrate analysis and salinity
titration) and liquids should be collected in a
wide-mouthed screw top plastic waste container
g and disposed of in a school sink or utility sink,
=, ) and flushed with excess water. Or, they should
h be disposed of according to your local school
district’s safety procedure guidelines. The wastes
from the nitrate analysis and the salinity titration
(which typically contain cadmium and chromate,
respectively) should be disposed of according to -
your local school district’s safety procedure
guidelines. '
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Collecting the
Water Sampie

Materials and Tools

Paper towels
500 mL-polyethylene sample bottles

Latex gloves (recommended)

GLOBE Science Notebooks, pens, Data Work Sheets

4-L bucket with a strong rope attached securely to the handle

If students can SAFELY reach the water body
(within arms’ reach), water temperature, pH,
dissolved oxygen, and electrical conductivity
measurements can be taken in situ directly at the
water’s edge. However, the measurements of
alkalinity, salinity, and nitrate require-a sample to
be taken with a bucket. The water samples should
be tested immediately after they are obtained. If
unavoidable, samples may be bottled and tested
for pH, alkalinity and salinity or electrical
conductivity after returning to the classroom. The
oxygen in the water must be stabilized by doing
the initial steps of the dissolved oxygen protocol
before the sample can be transported. Use the
following techniques to obtain water samples for
immediate testing and to bottle samples for testing
in the classroom.

A sample of surface water can be used with the
turbidity tube. The Secchi disk measurement is
only appropriate for deeper water and
measurements are generally taken from a bridge
or pier, away from the water’s edge.

Sampling Technique

1. Holding onto the rope, lower the bucket
into the water and allow it to fill partially
with water. If the bucket sits on its end, its
lip is not lowering enough to allow water
into it; jostle it with the rope. Once some
water enters the bucket, retrieve the
bucket and swirl the water around to clean
out the bucket. Discard this water and
repeat the procedure once more. Do not
use distilled water to rinse the bucket as
this will change the sampling results.
Likewise never let the sampling bucket be

used for cleaning or other purposes since
this will also affect the sampling results.
1f your sampling site is a stream, throw
the bucket out to a well-mixed area, a
little distance from the shore. Ideally, the
water should be flowing at least slightly.
1f you are sampling from a fast-moving
stream, grip the bucket rope tightly so
the force of the water’s flow does not take
your bucket with it.

If you are sampling from a lake, bay, or
the ocean, take samples from the shore
and throw the bucket out as far as
possible to take your sample. You should
always take a sample from the top surface
water. Do not let the bucket fill up and

Rinsing the water bucket.
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C;% ? 6. Once the seal is broken, do the pH test
first, then the tests for salinity or electrical
conductivity, alkalinity, and nitrate. Ideally,
once opened, all the measurements should
be performed during the same lab session.

* Consult the Material Science Data
Sheets (MSDS) that come with kits
and buffers. Also consult your local
school district’s safety procedure
guidelines.

N Casting the bucket.

sink. Also be careful not to stir up bottom
sediment.

2. To obtain a sample, allow the bucket to fill
to about 2/3 to 3/4 full. Then hoist the
bucket out of the water.

LI

[

=7 Bottling Technique - S S
¢ While the preferred procedure is to do all testing o B

at the Hydrology Study Site, measurements of pH,

alkalinity, nitrate and electrical conductivity or

salinity can be done in the classroom. The

dissolved oxygen protocol can be completed in

lﬂé | the classroom after the dissolved oxygen has been
S

* In any cases where using kits with
chemicals, latex gloves and safety
goggles are recommended.

stabilized in the field.

Use the following procedure to bottle sample
water and transport it to the classroom for all but
temperature, dissolved oxygen and transparency
measurements.

1. Label a 500-mL polyethylene bottle with
your school’s name, the teacher’s name, the
site name, the date and time of collection.

2. Rinse the bottle and cap with sample
water.

3. Fill the bottle with sample water until the
water forms a dome shape at the top of the
bottle so that, when the cap is put on, no
air is trapped inside.

4. Seal the cap of the bottle with masking

. tape.
‘a: Q Note: Tape serves as a label, and an
IR S indicator of whether the bottle has been
opened. Tape should NOT be in contact
with the water sample itself.

5. Store these samples in a refrigerator at
about 4° C until they can be tested (within
2 hours for pH and nitrate and within 24

hours for alkalinity and salinity or
@ electrical conductivity).
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Water Transparency
Protocol

Purpose

To determine water transparency using a Secchi
disk (still, deep waters) or turbidity tube
(flowing or shallow waters)

Overview

The Secchi disk is a widely used measure of the
transparency of water to light. The Secchi disk
transparency depends on the amounts of
suspended and colored material in the water,
material that comes from either sediment
washed into a water body or biological activity
in the water body. A turbidity tube is used to
measure transparency of flowing waters, or
where use of a Secchi disk is impractical.

Time

10-15 minutes

Level
All

Frequency
Weekly

Key Concepts
Determining water transparency using a
Secchi disk or turbidity tube
Light scattering
Suspended particles
Light absorption
Water color
Productivity

Skills

Using a Secchi disk or turbidity tube .
Designing measurement strategies
Recording data

Interpreting results

Materials and Tools

Secchi disk:

5 m length of rope (or longer or shorter,

depending on depth of the water at the

site)

Latex enamel spray paint: black and
white

2.5-3 cm diameter by 15 cm long steel
pipe

Drill

Circular piece of wood 2.5 cm thick and
20 cm diameter '

2 hook screws

15 cm length of string

Small bottle of wood glue or super glue

Waterproof markers (red, blue, and .
black) ' ’

Meter stick

Turbidity tube: ‘

Clear plastic tube, approx. 1 m:long
(depending on transparency of water
at your site} and 4.5 cm diameter
(e.g. Clear plastic fluorescent light
casing, found at hardware or lumber
stores)

White cap that fits securely on the
bottom of the tube {a cap to a PVC
pipe fits nicely)

Black permanent marker

Meter stick

Preparation

If a Secchi disk is not ordered, one must be
made. To make one, follow the directions in
Design and Learning Approach.

If a turbidity tube will be used, it must be made
before going to the study site.

Prerequisites

A brief discussion of how the Secchi disk or
turbidity tube can be used in the indication of
water transparency is necessary before students
make their first measurement.

GLOBE™ 1997
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To make a Secchi disk:

1. Divide top of wooden disk into four
quadrants drawing lightly in pencil (draw
2 lines crossing at a 90 degree angle).

2. Paint two opposite quadrants in black
and the other two in white.

3. Screw a hook screw into the top center
and bottom center of the disk. Then tie
the 5-m (or longer) rope through the
hook screw in the top of the disk.

4. Tie a short piece of rope through the
hook screw on the bottom of the disk and

Figure HYD-P-1: Making a Secchi Disk

string it though the pipe. Tie a large knot
at the bottom of the pipe so that it does
not fall off when hanging vertically
underneath the disk.

. Hold the rope attached to the top of the

disk and use the meter stick and measure
distance from the disk. Mark rope with a
black waterproof marker every 10 cm.
Mark every 50 cm up from the disk with a
blue marker and every meter with a red
marker. Now you are ready to make a
measurement.

Wooden Disk
20 cm diameter

Small rope

Heavy rope to lower disk

Large screw hook

Screw eye (not shown)

to attach rope to disk

Pipe (or pipes, if needed)
for weight

GLOBE™ 1997 Protocols- 8
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To make a turbidity tube:

1. Put PVC cap over one end of clear tube.
Cap should fit tightly so water cannot leak
out.

2. Cut a disk from wood, plastic, or
cardboard the same size as the tube
diameter.

3. Divide the disk into fourths. Paint
alternating quadrants black and white. Seal
the disk by laminating or painting with
varnish to make it waterproof.

4. Glue the disk in the bottom of the tube,
painted side facing up (toward the open
end of the tube).

5. Use a marker and meter stick to make a
scale on the side of the tube, beginning at
the top of the disk with 0 cm.

Flgure HYD-P-2: Making the Turbidity Tube

-
120
110
- 100
- 90
80
Clear Tube Mark off
45x120 cm 70 incm
— 60
50 Painted Disk
L 40 to fit bottom
of tube

How to Measure Transparency
Make sure that Secchi disk and turbidity tube

measurements are made in the shade with the sun

to your back to make an accurate and reproducible

reading. If there is no shade available, use an -

umbrella or a large piece of cardboard to shade
the particular area where the measurement is being
made. For the turbidity tube the shadow of the
observer should be adequate.

Different individuals may see the Secchi disk or
the bottom of the turbidity tube disappear at
different water depths. For this reason, whenever
possible the transparency observation should be
made by three different students and each of their
observations submitted to the GLOBE Student
Data Server.

Secchi disk

1. Lower the disk slowly into the water until
it just disappears. If possible, grab the rope
at the surface of the water and mark this
point on the rope (e.g. use a clothes pin).
1f it is not possible to mark the rope at the
water surface, mark the rope a known
distance above the water.

2. Then raise the Secchi disk until it just
reappears into view. Grab the line at the
surface of the water when the Secchi disk
reappears and mark this point (or some
known distance above the water). The
rope should now be marked at two points.
There should only be a few centimeters
difference between these two points.

3. Record both depths on your Hydrology
Investigation Data Work Sheet to the
nearest 1 cm.

4. 1f the two depths differ by more than 10
cm, repeat the measurement, recording the
new depths on your Hydrology Investigation
Data Work Sheet.

5. Using the Cloud Cover Protocol, determine
the cloud cover. Determine the distances
between where each observer marked the
rope and the water surface. Record both
on your Hydrology Investigation Data
Work Sheet. 1f the rope was marked at the
water surface enter 0.

GLOBE™ 1997
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é"{\ ' 6. Submit your depths along with the cloud
cover and distance from the mark to the

water surface to the GLOBE Student Data
Server. Note: Enter data for each observer,
not the average of the different
, observations.
\ Note: If the Secchi Disk reaches the bottom of
E‘_ . your study site and you can still see it, simply
~~  record the depth to the bottom by referring to
the point where the rope is at the water surface
and put a greater than (>) symbol in front of the
measuremernt both on your data work sheet and
when you submit the value to the GLOBE Student
Data Server.

Turbidity tube

1. Pour sample water into the tube until the
image at the bottom of the tube is no
longer visible when looking directly .
through the water column at the image. '

7 Rotate.the tube while looking down at the
# image to see if the black and white areas
—

of the decal are distinguishable.

2. Record this depth of water on your
Hydrology Investigation Data Work Sheet
to the nearest 1 cm.

3. Submit your depth to the GLOBE Student
Data Server. Enter data for each observer,
not the average of the different
observations.

Note: 1f you can still see the image on the bottom
of the tube after filling it, simply record the depth
as > the depth of the tube.

GLOBE™ 1997 Protocols - 10 Hydrology
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Water T emperatire
Protocol

Purpose

To measure the temperature of the water sample

Overview

The temperature of the water sample is needed
for the dissolved oxygen and pH measurements,
and for studies of global hydrology questions.

Time
5 minutes after the thermometer has been
calibratgd

- Level

Al

Frequency
~ Weekly

Calibration every three months

Key Concepts
Temperature, temperature measuremert
Heat, heat transfer, conduction
Accuracy
Precision

Skills

Using a thermometer properly
Reading a scale
Recording data

Materials and Tools

Alcohol-filled thermometer

A clock or watch

Enough string to lower the thermometer
into the water

Rubber band
Data sheets
Preparation

Bring the tools and materials to the Hydrology
Study Site. o e

Prerequisites

None

Calibration and Quality Control

This measurement takes only a few minutes to
complete. The main concern is to allow sufficient
time for the thermometer to equilibrate to the
temperature of the water perhaps three to five
minutes.

Your organic liquid-filled thermometer should be
calibrated at least every three months as well as
before its first use. Calibrate it following the
instructions in the Atmosphere Investigation
Maximum, Minimum, and Current Temperatures
Protocol.

How to Measure Water Temperature

1. Tie one end of a piece of string securely to
the end of the thermometer and the other
end to a rubber band. Slip the rubber
band around the wrist so that the
thermometer is not lost if it is accidentally
dropped in the water.

2. Hold the end of the thermometer
(opposite the bulb) and shake it several
times to remove any air in the enclosed
liquid. Note the temperature reading.

3. Immerse the thermometer to a depth of 10
cm in the sample water for three to five
minutes.

4. Raise the thermometer only as much as is
necessary to read the temperature.
Quickly note the temperature reading. 1f

GLOBE™ 1997
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\,§E the air temperature is significantly
different from the water temperature or it
is a windy day, the thermometer reading
may change rapidly after it is removed

, from the water; try to take the reading
. while the bulb of the thermometer is still
\ in the water. Lower the thermometer for
‘ \\t‘\\ S another minute or until it stabilizes. Read
N it again. If the temperature is unchanged,
proceed to Step 5.

5. Record this temperature along with the
date and time on the Hydrology
Investigation Data Work Sheet.

6. Take the average of the temperatures
measured by the student groups. If all
measured values are within 1.0° C of the
average, submit the average valueto the
GLOBE Student Data Server. Otherwise,
repeat the measurement.

GLOBE™ 1997 Protocols- 12
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Source: Jan Smoiik, 1996, TEREZA, Association for Environmental Education, Czech Republic
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Purpose

To measure the amount of oxygen dissolved
in the water sample

Overview

Dissolved oxygen is closely related to survival
of plant and animal life in all bodies of water.
It is affected by natural processes and by
human activities.

Time

. 15 minutes for calibration
15 minutes in the field

Level

Intermediate and Advanced

Frequency
Weekly

Calibration every six months

Key Concepts
Dissolved oxygen
Comparing with a standard
Accuracy, Precision

Skills
Using the dissolved oxygen test kit
properly
Recording data
Materials and Tools

Dissolved Oxygen Kit (See Toolkit)
Safety note: This kit contains hazardous
chemicals

Distilled water

250-mL polyethylene bottle with top

Thermometer :

Data Work Sheets

Latex gloves/safety goggles

Preparation

Practice sample preparation and preservation
procedure given in this protocol.

Bring the tools and materials to the Hydrology
Study Site.

Prerequisites

None

Calibration and Quality Control

Calibration should be performed every six
months to verify your technique and the integrity
of your chemicals.

1. Rinse a 250 mL bottle twice with distilled
water. Measure 100 mL of distilled water
with a graduated cylinder.

2. Pour this water into the 250 mL bottle.
Put the lid on tightly and shake it
vigorously for 5 minutes.

3. Uncap the bottle and take the
temperature of the water. Be sure the tip
of the thermometer does not touch the
bottom or sides of the botile. Wait 1
minute before reading the temperature.

4. Record the temperature on the Hydrology
Investigation Data Work Sheet.
5. Follow directions to measure dissolved
oxygen.
On the data sheet, record the value as mg/L. DO
for the distilled-water standard. The mg/L. DO
found using the shaken standard must be within
0.4 mg/L of the expected value for a shaken (thus
saturated with oxygen) distilled water sample. To
find the expected value for a saturated DO distilled
water sample:

1. Look up the temperature of your standard
in Table HYD-P-1.

2. Look at the corresponding solubility of
oxygen (mg/L) and record it on the
Calibration Data Work Sheet.

GLOBE™ 1997 Protocols- 14 Hydrology
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Table HYD-P-1: Solubility of Oxygen in Water Exposed to Air at 750 mm Hg Pressure

Temp Solubility Temp Solubility Temp Solubility
°C mg/L °C mg/L °C mg/L
0 14.6 16 9.9 32 73
1 14.2 17 9.7 33 7.2
2 13.8 18 9.5 34 7.1
3 13.5 19 93 35 7.0
4 13.1 20 9.1 36 6.8
5 12.8 21 8.9 37 6.7
6 12:5 22 8.7 38 6.6
7 12.1 23 8.6 39 6.5
8 11.9 24 8.4 40 6.4
9 11.6 25 83 41 6.3
10 11.3 26 8.1 42 6.2
11 11.0 27 8.0 43 6.1
12 10.8 28 78 44 6.0
13 10.5 29 7.7 45 5.9
14 10.3 30 76 46 5.8
15 10.1 31 7.4 47 5.7
GLOBE™ 1997 Protocols- 15 Hydrology
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Example: a standard temperature of 22° C
has a corresponding DO solubility of 8.7
mg/L.

3. Look at the Calibration Value in Table
HYD-P-2 corresponding to your elevation
in meters and record it on the Calibration
Data Work Sheet.

Example: An elevation of 1,544 meters
has a corresponding saturation calibration
value of 0.83.

4. Multiply the solubility of oxygen found in
Step 2 by the calibration found in Step 3.
Example: At an altitude of 1,544 meters
and a temperature of 22° C, you multiply
(8.74 mg/L) x (0.83) = 7.25.

5. This value (7.25 in the example) is your
expected value for a shaken distilled water
standard.

6. Compare this value to the value for DO
that you found when you tested your
shaken, distilled water standard. If the
value is not within 0.4 mg/L (LaMotte kit)
or 1 mg/L (Hach kit), try the
measurement again on the distilled water.
1f it is still off, but by less than 1 mg/L,
record the DO value on the Calibration
Investigation Data Work Sheet.

7. 1f you get a difference of more than 1 mg/L,
report the value you get and replace the
chemicals in your test kit before making
more measurements. Recalibrate when
you get fresh chemicals.

How to Measure Dissolved Oxygen
Sampling Procedure

1. Rinse the sampling bottle and hands with
sample water three times. Rinse vial three
times in distilled water.

2. Replace the cap on the bottle.

3. Submerge the bottle in sample water and
remove the cap. Allow the container to
fill.

4. Tap the bottle to release air bubbles.

5. While the bottle is submerged, replace the
cap. Remove the capped bottle from the
water.

6. Check to ensure that no bubbles are
present in the bottle. If bubbles are found,
repeat the sampling procedure.

Sample Preservation and Testing Procedure

1. Use a dissolved oxygen test kit that meets -
the specifications in the Toolkit of the
GLOBE Program Teachers Guide. Follow
the instructions carefully. If a scoop is
used to measure powdered chemicals, do
not allow the scoop to come in contact
with the liquid.

2. Record the values from the student groups
on the Hydrology Investigation Data Work
Sheet.

3. Take the average of the DO values
measured by the student groups. 1f the
values are all within 1 mg/L of the
average, submit the average DO value to
the GLOBE Student Data Server.
Otherwise repeat the measurement.

4. Put all liquids in waste bottle.

DO test kits involve two overall parts - sample
preservation (stabilization) and sample testing.
The preservation part involves the addition to the
sample of a chemical that precipitates in the
presence of dissolved oxygen, followed by
addition of a chemical that produces a colored
solution. The testing part involves dropwise
addition of a titrant solution until the color
disappears. The DO value is calculated from the
volume of titrant added.
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Table HYD-P-2: Calibration Values For Various Atmospheric Pressures and Altitudes

uabAxp panjossia

Pressure | Pressure| elev |Calibration Pressure | Pressure elev |Calibration
mm Hg kPa m value % mm Hg kPa m value %
768 102.3 -84 1.01 631 84.1 1544 0.83
760 101.3 0 1.00 623 83.1 1643 0.82
752 100.3 85 0.99 616 82.1 1743 0.81
745 99.3 170 0.98 608 81.1 1843 0.80
787 98.8 256 0.97 600 80.0 1945 0.79
730 97.3 343 0.96 593 79.0 2047 0.78
722 96.3 431 0.95 585 78.0 2151 0.77
714 95.2 519 0.94 578 77.0 2256 0.76
707 94.2 608 0.93 570 76.0 2362 0.75
699 93.2 698 0.92 562 75.0 2469 0.74
692 92.2 789 091 555 74.0 2577, 0.73
684 91.2 880 0.90 547 73.0 2687 0.72
676 90.2 972 0.89 540 71.9 2797 0.71
669 89.2 1066 0.88 532 70.9 2909 0.70
661 88.2 1160 0.87 524 69.9 3203 0.69
654 87.1 1254 0.86 517 68.9 3137 0.68
646 86.1 1350 0.85 509 67.9 3253 0.67
638 85.1 1447 0.84 502 66.9 3371 0.66
GLOBE™ 1997 Protocols - 17 Hydrology
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Purpose

To measure pH

Overview

The pH or acidity of the water sample is a key
factor in determining what can live in the water.

Level
All

Time

5 minutes for the actual measurements
10 to 15 minutes in class and 5 minutes in the
field for calibration in Method 2

Frequency
Weekly including calibration

Key Concepts
pH and its measurement
Temperature affects pH
Calibration
pH buffers and standards

Skills
Using pH measuring equipment
Recording data

Materials and Tools
For Method 1:
pH indicator paper (Beginning)
50- or 100-mL beakers
For Method 2:
pH pen (Intermediate/Advanced)
One jewelry screwdriver (for calibration)
Three 50- or 100-mL beakers
50 mL polyethylene bottle with top or
clean baby food jar with lid
pH buffer solution for pH 7

or:

pH meter (Intermediate/Advanced)

Five 50- or 100-mL beakers

Three 50-mL polyethylene bottles with
tops or clean baby food jars with lid

Three pH bulfer solutions for pH 4, 7, and
10

And for both pen and meter techniques:

100 mL graduated cylinder

Paper towels

Soft tissues

Distilled water in a squeeze bottle

Stirring rod or spoon

Masking tape

Permanent marker

Latex gloves and safety goggles

Preparation

Condition the pH pen or pH meter probes
according to manufacturer’s instructions.
Remember to allow enough time (> one hour).
Often pH pens and probes last longer if they
are kept wet. Set up calibration buffer solutions
of known pH in class. Calibrate the pen and
meter before going to the water site. Bring the
tools and materials to the water site, including
the buffer solutions.

Prerequisites

None

GLOBE™ 1997 Protocols-18 RHydrology
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Background

This Protocol involves determining the pH of the
water sample from your Hydrology Study Site.
We suggest that beginning level students use pH
indicator paper, intermediate level students use a
pH pen, and advanced level students use a pH
meter.

How To Measure pH
Method 1: pH indicator paper
Beginning Level
1. Rinse a 50 mL or 100 mL beaker at least
twice with sample water.
2. Fill the beaker about halfway with water
to be tested.
3. Dip one strip of indicator paper into the

sample water for at least a minute. Make

sure all four segments of the paper are
immersed in sample water.

4. Remove the paper from the water and
compare the resultant four color segments
with the chart on the back of the pH
indicator paper box. Try to find a
sequence where all four segments on the
sample paper match all four segments on
the box.

5. If reading is unclear, it may be because
the paper needs more time to fully react.
The indicator paper takes longer to react
in water with conductivities below
400 microSiemens/cm. See the Electrical
Conductivity Protocol. If this is the case,
place the paper back into the sample for
an additional minute, and check again.
Repeat until satisfied that the reading is
accurate. If the reading is still unclear after
10 minutes, start over with a new strip of
pH paper. If the test fails a second time,
make this clear on your Hydrology
Investigation Data Work Sheet.

6. Read the corresponding pH and record
this value on your Hydrology Investigation
Data Work Sheet. Report this value to the
GLOBE Student Data Server.

Note: pH paper readings may not be accurate if
your water sample has an electrical conductivity
below 300 microSiemens/cm (pH paper does not

function properly below this level). See the
Electrical Conductivity Protocol.

Method 2: pH pen or pH meter

Intermediate and Advanced Levels

In order to measure the pH of your water sample
using the pH meter you need to: (1) prepare buffer
solutions, (2) calibrate the instruments, (3)
recheck your instrument by measuring the buffers
in the field, and (4) measure the pH of your
sample in the field.

Calibration Procedure

Calibration should be performed before each set
of measurements. This procedure can be
performed in the classroom before you go out in
the field.

Step 1: Prepare the Buffer Solutions
Pre-mixed buffer solutions can be stored for 1
year, as long as they have not been contaminated.
If you are using the powdered pillow buffer, then
dissolve it in distilled water as described below. If
you are using pre-mixed buffer solutions, measure
50 mL into a graduated cylinder and proceed to
step 4.

For each pH buffer (4, 7, and 10):

1. Write the buffer pH and date on two
pieces of masking tape. Place one on a
clean, dry 100 mL beaker and the other
on a 50 mL bottle or well cleaned baby
food jar.

2. Using a graduated cylinder, measure 50
mL of distilled water and pour it into the
beaker.

3. Over the beaker, completely cut open one
end of a pillow of buffer powder, then
squeeze and shake the pillow to release
the powder into the water. Make sure all
the powder is released into the water. Stir
with stirring rod or spoon until all the
powder dissolves.

4. Pour the buffer solution into the labeled
bottle. Cap the bottle tightly. Discard after
a month.

5. Continue preparing the other buffers,
repeating steps 1-4 for each.

GLOBE™ 1997
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Source: Jan Smolik, 1996, TEREZA, Association for Environmental Education, Czech Republic
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Step 2: Calibrate the pH pen or meter B. Calibration of the pH meter

A. Calibration of the pH pen 1. Condition the electrode (probe) as

Note: If the pH pen does not have automatic described in the manufacturers

temperature compensation, the buffer solution instructions.

should be at 25° C. 2. Rinse the electrode (glass probe) and area
1. Condition the electrode as described by around it twice with distilled water using a

squeeze bottle and blot dry with a soft
tissue after each rinse. Rinse into a discard
beaker or sink, not into the pH buffer
solution and do not touch the electrode
(glass probe) with your fingers.

the manufacturer.

2. Rinse the electrode (glass probe) and area
around it twice with distilled water using a
squeeze bottle and blot dry with a soft
tissue after each rinse. Rinse into a discard

beaker or sink, not into the pH bufter 3. Turn the meter on (by pressing the

solution and do not touch the electrode ON/OFF button). Push the CAL button

(glass probe) with your fingers. to indicate that you will be calibrating the
3. Turn the pen on with the switch on top, instrument. _

then immerse the electrode entirely in the 4. Immerse the electrode in the pH Y‘O-buffer :
. pH.7.0 buffer solution. See Figure HYD-P-3. solution, making sure that the electrode is,

entirely immersed. Do not immerse the .
instrument further than is necessary. See
Figure HYD-P-3.

5. Gently stir the buffer solution with the
electrode and wait for the display value to
stabilize. Once the reading has stabilized,
press the HOLD/CON button to accept the
value and complete the calibration. If the
electrode is still immersed in the buffer, the

4. Gently stir the buffer solution with the
probe and wait for the reading to stabilize.

5. Use a jewelry screwdriver to turn the small
screw in the hole in the back of the pen
until the reading is exactly 7.0.

6. Remove the pH pen from the solution and
rinse the electrode with distilled water;
pour the buffer solution back into its
labeled bottle and seal tightly.

Source: Jan Smolfk, 1996, TEREZA, Association for Environmental Education, Czech Republic
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Aruitoxt provided by Eic:

o

display will read the same value as the pH
of the buffer (i.e. 4, 7, or 10).

6. Remove the pH tester from the buffer
solution, rinse the electrode with distilled
water, and blot dry with soft tissue.

7. Repeat steps 3 through 6 using the pH 4
buffer and then using the pH 10 buffer.

8. Set the tester aside on a paper towel; turn
the meter off by pushing the ON/OFF
button.

9. Pour the buffer solution into their labeled
bottles and cap them tightly.

Step 3: Recheck your pH pen or meter in the
Field

1. Take the pH buffer solutions into the field
with you. Treat them as samples. Test the
pH of the buffer solutions and record the
field pH buffer values on the data sheets. If
the values of the buffer solutions are more
than + or - 0.2 pH units from the true
value, go through the instrument
calibration procedure again.

2. After you have tested the pen or meter with
the buffer solutions, you are ready to
measure the pH of the actual water sample.

pH Measurement Procedure

1. Rinse the electrode and the surrounding
area with distilled water using the squeeze
bottle. Blot the area dry with a soft tissue.

2. Fill a clean, dry 100 mL beaker to the 50
mL line with the water to be Lested.

3. Immerse the electrode in the water. Be sure
that the entire electrode is immersed, but
avoid immersing it any further than
necessary.

4. Stir once and then let the display value
stabilize.

5. Once the display value is stable, read the
pH value and record it in the Hydrology
Investigation Data Work Sheet.

6. Repeat steps 1 through 5 for another
sample as a quality control check. The two
pH values should agree to within 0.2
which is the accuracy of this technique.

7. Rinse the probe with distilled water, blot it
dry with soft tissue, replace the cap on the
probe, and turn the instrument off.

8. Take the average of pH values measured
by the student groups. If the recorded
values are all within 0.2 of the average,
report the average value to the GLOBE
Student Data Server. If there is one outlier
(a value far different from the rest) discard
that value and calculate the average of the
other values. If they are all now within 0.2
of this new average, report this new
average to the GLOBE Student Data
Server. If there is a wide scatter in results,
discuss the procedure and the potential
sources of error with the students, but do
not report a value to the Data Server.
Repeat the protocol if possible to produce
a reportable measurement.

Note: pH pen or meter readings may not
be accurate if your water sample has a conductivity
below 100 microSiemens/cm (pH pens and meters
do not function properly below this level). See
thé Electrical Conductivity Protocol.

Figure HYD-P-3: Using the pH pen
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Hectrical Conductimy

Purpose
To measure the conductivity of the water at the
Hydrology Study Site

Overview

Conductivity is a measure of the amount of total
dissolved solids in the water.

Time

5 minutes

Level ‘ -
All '

Frequency
Weekly including calibration

Key Concepts
Conductivity, factors affecting
conductivity
Standardization, calibration
Accuracy, Precision

Skills

Using a conductivity meter
Recording data

Materials and Tools
Total dissolved solids tester (or
conductivity tester)
Standard solution
Distilled water
Squeeze bottle
Soft tissue
_Three 50 mL or 100 mL beakers
~ Jewelry screwdriver (for calibration) .

Preparation

Perform the Calibration procedure below.
Bring the tools and materials to the water site.

Prerequisites
None
Note: this measurement is for freshwater only.

For salt and brackish waters measure salinity
instead. '

Background

Conductivity is measured in microSiemens/
centimeter (US/cm). A microSiemen is the same
as a micromho.

Conductivity of a water sample is a measure of its
ability to carry an electric current. The more
impurities (total dissolved solids) in water, the
greater its electrical conductivity. By measuring the
conductivity of a water sample, the amount of total
dissolved solids in the sample can be determined.
To convert the electrical conductivity
(microSiemens/cm) of a water sample to the
concentration of total dissolved solids (ppm) in
the sample, the conductivity must be multiplied
by a factor of between 0.54 and 0.96 for natural
waters. The value of this factor depends upon the
type of dissolved solids. A widely accepted value

to use when you are not determining the type of
dissolved solids is 0.67.

TDS (ppm) = Conductivity (microSiemens/cm) x 0.67

Calibration

The conductivity meter should be calibrated -

before each set of measurements. Before use and
every six months the temperature compensation

should be checked. Calibration standards should :

be replaced annually.

Calibration

1. The standard solution should be tightly
capped and kept refrigerated. The label on
the bottle in which the solution is stored
should include the date on which the
solution was made or purchased.
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10.

11.

. Remove the cap from the meter.
. Line up two clean and dry 100 mL

beakers and fill each beaker with just
enough standard solution to immerse the
electrode. Note: Other standard solutions
are available and acceptable. Please
calibrate instrument accordingly.

. Press the ON/OFF button to turn the

tester ON.

. Rinse the electrode (at the bottom tip of

the pen) with distilled water from a
squeeze bottle. Do not rinse above the
brown line. Blot it dry with a soft tissue.

. Immerse the electrode in the first beaker

of standard solution for a second or two.
Take the meter out of the first beaker and
dip it irito the second standard solution
beaker, without rinsing the electrode. See
Figure HYD-P-4.

. Gently stir for a few seconds, then allow

the display value to stabilize.

. If the display does not read the standard

value, you must adjust the instrument to
read this number. Using a small
screwdriver, adjust the calibration screw
on the pen until the display reads the
standard value. Note: Some conductivity
meters may have different adjustments.

. Discard the standard solution that was

used in the two beakers. Do not return
the standard solution used in this
procedure to its original bottle!

Rinse the electrode with distilled water
and blot it dry. Rinse the beakers
thoroughly.

Press the ON/OFF button to turn the
meter off. Cap the meter.

Temperature Compensation Check

Conductivity measurements are affected by the
water sample temperature. Your meter should be
temperature compensated to give a conductivity
reading equivalent to a temperature of 25° C.

Measure the conductivity of your standard at 5,
15, 25, and 35° C. If the conductivity reading is
outside the specified range (+/- 40 pS/cm) for your
standard at 25° C, then contact the manufacturer.

Quality Control in the Field

Whether the tester is calibrated in the classroom

or in the field, the standard solution must be tested

with the following protocol as if it were a water

sample. When tested the standard should read its

true value. If it does not, the instrument must be--
recalibrated, and the conductivity measurement

made again.

Figure HYD-P-4: Using the Conductivity Meter
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How to Measure Conductivity

1.

2.

Remove cap from the meter and press the
ON/OFF button to turn the tester on.
Rinse the electrode with distilled water
and blot it dry.

. Fill a clean, dry, 100 mL beaker with water

to be tested.

. Immerse the electrode in the water

sample. See Figure HYD-P-4.

. Gently stir the sample for a few seconds,

then allow the display value to stabilize.

. Read the display value and record its value

on the Hydrology Investigation Data Work
Sheet.

. Take the average of the electrical

conductivity values measured by the.

student groups. If the recorded values are _ |.

all within 40 microSiemens/cm of the
average, report the average value to the
GLOBE Student Data Server. If you have
more than three groups and there is one
outlier {(a value far different from the rest),
discard that value and calculate the
average of the other values. If they are now
all within 40 microSiemens/cm of this new
average, report this new average to the
GLOBE Student Data Server. If there is a
wide scatter in results, discuss the
procedure and the potential sources of
error with the students, but do not report
a value to the GLOBE Student Data Server.
Repeat the protocol if possible to produce
a reportable measurement.
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Salmty Protocol

Purpose

To measure the salinity of the water sample
using the hydrometer method

Overview

The salt content (salinity) of a water body is
one of the main factors determining what
organisms will be found there. The density of
water is related to the amount of salt dissolved
init. A hydrometer is used to measure density.
The salinity of the water is determined from
the density and water temperature.

Level - ‘
All

Time

Actual measurement-time is 10 minutes.

Frequency
Weekly

Key Concepts
High and low tides
Method of measuring salinity by density
Specific gravity
Salinily in water
Standardization
Accuracy
Precision

Skills

Using a hydrometer and thermometer
Reading conversion tables

Designing measurement strategies
Recording data

Interpreting results.

Materials and Tools

Hydrometer ‘

Conversion table

500 mL clear plastic graduated cylinder
. Alcohol-filled thermometer-

Table salt (NaCl)

Distilled water

Balance

2 1-liter plastic bottles

Masking tape

Preparation

Complete the Calibration activities below. Bring
the tools and materials to the water site.

Prerequisites

A brief discussion of salinity and its relation
to density ‘

Practice by doing calibration

Note: This measurement is {or salt and brackish
waters only. For fresh waters measure
conductivity instead.

Calibration and Quality Control

Standards should be run at least twice each year
to verify your technique. Fresh standards should
be prepared annually.

Salinity Standards

Salinity standards do not come with the
Hydrometer, and need to be prepared as follows:

1. Add water to table salt to make a 35 ppt
salinity standard. Use this salinity standard
and a blank to test the accuracy of the
hydrometer.

35 ppt standard:

1.1. Measure out 17.5 g NaCl (table salt)
using an analytical balance. Pour this into
a 500 mL graduated cylinder.

1.2. Fill the cylinder to the 500 mL line
with distilled water.

1.3. Carefully swirl the solution until all
the salt has dissolved.

1.4. Pour the solution into a 1-liter plastic
bottle and label with masking tape
(include the date).
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Blank:

1.5 Measure out 500 mL of distilled water
into a 1-liter plastic bottle and label with
masking tape.

2. Perform the Protocol to measure the
salinity of the standard and the blank.
Where it says “sample water” use the
standard or the blank.

3. Record the values measured for these
standards on the Calibration Data Work
Sheet.

4. If the blank gives a non-zero reading, rinse
your glassware and graduated cylinder at
least 3 times, and repeat the measurement.
If still not zero, get a new source of
distilled water. _

" 5. If salinity standard is off by more than 2
ppt, prepare a new standard and repeat
the measurement.

Times of High and Low Tide

Obtain the times of high and low tide for the
location nearest your site for which these are
available. The times reported should be for the
high or low tide immediately preceding and
following the time you take your measurements.
Record these times and the place where they occur
on your Hydrology Investigation Data Work Sheet
and report them with your other data to the
GLOBE Student Data Server.

How to Measure Salinity

Note: Before using the thermometer in this
protocol, test it for accuracy following the
instructions in Maximum, Minimum, and Current
Temperature Protocol of the Atmosphere
Investigation.

1. Rinse the 500 mL clear plastic graduated
cylinder at least twice with sample water.

2. Fill the cylinder with sample water until
the water level is 2 to 3 cm from the top
of the cylinder.

3. Determine the temperature of your
sample following the Water Temperature
Protocol and record this value on the
Hydrology Investigation Data Work

- Sheet:

- 4. Place the hydrometer in the cylinder
and allow it to settle. Follow the
manufacturer’s instructions that came
with the hydrometer. The hydrometer
should not touch the cylinder walls, and
be sure to take the reading from the
bottom of the meniscus. Read the specific
gravity from the hydrometer scale.
Reading to three decimal places is
acceptable. Older students can practice
reading to four decimal places and
interpolating between the values given in
Table HYD-P-3. Record this value on the
Hydrology Investigation Data Work
Sheet. See Figure HYD-P-5.

5. Using the temperature and specific
gravity values, read the salinity of the
sample from Table HYD-P-3. To find the
salinity value for your water sample:

5.1. Look up the temperature and specific
gravity of the sample in Table HYD-P-3.
5.2. Look at the corresponding salinity
{ppt) and record it on the Hydrology
Investigation Data Work Sheet. For
example, a water sample temperature of
22° C and specific gravity of 1.0070 has a
salinity of 10.6 ppt.
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6. Repeat steps 2 - 5 for at least two

additional samples. Different student
groups can make these additional
measurements.

. Take the average of the salinity values

measured for the different samples. If the
recorded values are all within 2 ppt of the
average, proceed to step 8. If they are not
within 2 ppt of the average, students
should repeat the measurement using new
samples, then record and average the new
values. If there is still one outlier (a value
far different from the rest) discard that

value, average the remaining values, and if
they are now within 2 ppt of this new
average, proceed to step 8. If there is still a
wide spread in values, discuss the
procedures with the students and repeat
the measurement if possible.

. Submit to the GLOBE Student Data Server

the temperature, specific gravity, and
salinity from the student(s) whose salinity
is closest to the average. If only two
measurements were used to calculate the
average, report the temperature, specific
gravity, and salinity from either group.

Figure HYD-P-5: Reading Specific Gravity

Bottom of
mMeniscus ™

reading is 1.024

>

i This hydrometer .:

T

T

.

T Aa
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Note: Hydrology measurements are read from the bottom of the meniscus.
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Table HYD-P-3: Salinity (parts per thousand) as a function of density and temperature*

Temperature of Water in Graduated Cylinder (° C)

Observed Reading | -2.0 [-1.0| 00| 1.0 | 20| 3.0 40| 50 60| 7.0} 8.0 | 9.0 |10.0 |11.0 {12.0 {13.0 |14.0
0.9980
0.9990
1.0000
1.0010 07)] 06| 06]05]05|02(02]02;02]02|]02|05|05|06{|06| 07|08
1.0020 2011919118116 16| 16| 15| 15| 16| 16 16| 18| 19 20| 2.1 | 23
1.0030 3313213112929 28] 28| 28] 28| 282929 31|32 33| 34 36
1.0040 45| 44| 42]42] 41 41| 41| 41} 41| 41( 42| 42| 44| 45| 46| 48] 49
1.0050 58| 57| 55| 54| 54| 54 53| 53| 54| 54|54|55| 55| 57| 58| 59|62
1.0060 70| 68| 68| 67| 661 66| 66| 66| 66| 67| 67| 68| 68| 70| 71| 72| 75
1.0070 81| 81(80| 79797979 79| 79| 79|80 ;81|81| 83| 84| 85} 88
1.0080 941 93| 9219292192 92]|92(92| 929319394 96| 97| 981100
1.0090 10.6 {10.5,|10.5 |10.4 {10.4 |10.4 {10.4 |10.4°|10.5 [10.5 |10.6 |10.6 |10.7 |10.9 {11.0 |11.1 J11.3
1.0100 119 {118 |11.7 |11.7 |11.7 |11.7 |11.7 |11.7 |11.7 [11.8 {11.8 |[11.9 120 [122 |12.3 |12.4 |12.6
1.0110 13.1 |13.0 |13.0 {12.8 |12.8 |12.8 [12.8 |13.0 {13.0 [13.1 |13.1 |13.2 |13.4 [13.5 |13.6 [13.7 |139
1.0120 143|143 |14.1 {141 [14.1 |14.1 [14.1 |14.1 143 [143 | 144 |14.5 |14.7 [14.8 |14.9 |[15.0 |15.2
1.0130 15.6 |15.4 |15.4 {154 {154 |15.4 [15.4 |154 |15.4 [15.6 |15.7 |15.8 |158 |16.0 |16.2 |16.3 |16.5
1.0140 16.7 [16.7 |16.6 {166 [16.6 |16.6 |16.6 |16.7 |16.7 |16.9 |17.0 }17.0 |17.1 |17.3 |17.5 |17.7 |17.8
1.0150 18.0 {179 |17.9 (179 [179 [179 |17.9 |17.9 |18.0 |18.0 [18.2 |18.3 |18.4 |18.6 |18.8 |19.0 {19.1
1.0160 19.2 (19.2 |19.1 |19.1 [19.1 [19.1 |19.2 [19.2 [19.3 1193 [19.5 |19.6 |19.7 [19.9 |20.1 | 20.3 |20.4
1.0170 20.4 [20.4 {20.4 |20.4 |20.4 [20.4 |20.4 |20.5 [20.5 |20.6 [20.8 |20.9 {21.0 |21.2 |21.3 |21.6 |21.7
1.0180 21.7 {21.7 |21.7 |21.6 |21.6 |21.7 |21.7 |21.7 {21.8 |22.0 |22.1 [22.2 [22.3 |22.5 |22.6 |22.9 |23.0
1.0190 229 {229 1229 1229 {22.9 |22.9 {23.0 {23.0 |23.1 |23.3 |23.4 |23.5 |23.6 [23.8 |23.9 |24.2 |24.3
1.0200 24.2 1242 (242 [24.0 |24.2 {242 [24.2 1243 (243 |24.4 |24.6 [24.7 [24.8 |25.1 [25.2 |25.5 |25.6
1.0210 253 1253 (253 1253 253 |255 |25.5 [25.6 1256 [25.7 {259 [26.0 |26.1 |26.4 |26.5 |26.8 |26.9
1.0220 26.6 [26.6 [26.6 |26.6 |26.6 [26.6 |26.8 |26.8 (269 |27.0 |27.2 |27.3 |27.4 |27.7 |27.8 |28.1 |28.2
1.0230 278 (278 [27.8 |27.8 |27.8 [27.9 127.9 |28.1 (28.2 |28.3 [28.5 |28.6 |28.7 |28.9 |29.1 {294 |29.5
1.0240 29.1 {29.1 [29.1 {29.1 |29.1 [29.1 |29.2 |29.4 [29.5 |29.5 |29.8 [29.9 [30.0 |30.2 {30.4 |30.6 |30.8
1.0250 30.3 {30.3 |30.3 |30.3 {30.4 |30.4 |30.6 |30.6 |30.7 [30.8 [30.9 |31.1 |31.3 |31.5 |31.7 {31.9 |32.1
1.0260 31.6 |31.6 |31.6 |31.6 [31.6 |31.7 |31.7 {31.9 |32.0 [32.1 [32.2 |32.4 |32.6 |32.8 |33.0 {33.2 |33.4
1.0270 32.8 |32.8 |32.8 |32.9 (329 (329 |33.0 |33.2 |33.3 |33.4 [33.5 |33.7 |33.9 {34.1 |343 |345 |34.7
1.0280 339 {341 |34.1 |34.1 {34.1 [34.2 |34.3 {345 |34.5 |34.7 [34.8 |35.0 |35.1 |35.4 |35.6 |358 |36.0
1.0290 35.2 {352 {352 1354 {354 |355 |35.5 {356 |35.8 |35.9 [36.2 |36.3 |36.4 |36.7 |36.8 {37.1 |37.3
1.0300 36.4 {36.5 |36.5 {36.5 {36.7 [36.7 |36.8 {36.9 |37.1 {37.2 [37.3 |37.6 |37.7 |38.0 {38.1 {38.4 {38.6
1.0310 37.7 |37.7 {37.7 {37.8 |37.8 {38.0 |38.1 |38.2 [38.4 [38.5 |38.6 {38.9 |39.0 [39.3 {39.4 |39.7 |39.9

* Adapted from LaMotte hydrometer instructions.
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Table HYD-P-3: Salinity (parts per thousand) as a function of density and temperature - continued

Temperature of Water in Graduated Cylinder (° C)

Observed Reading |15.0|16.0|17.0|18.0|18.5]19.0| 19.5|20.0{20.5(21.0|21.5]| 22.0| 22.5| 23.0| 23.5 | 24.0{ 245
0.9980
0.9990 00| 01] 02| 03] 05| 06| 0.7
1.0000 00| 02| 03] 05| 06| 07| 08| 10| L1| 12| 14| 15| 16| 18| 19| 20
1.0010 10| 12| 15| 16| 18| 19| 20| 21| 23| 24| 25| 25| 27| 28| 29| 31| 32
1.0020 24| 25| 28| 29| 31| 32| 33| 34| 36| 3.7 38| 40| 41| 42| 44| 46| 48
1.0030 37) 38| 41| 42| 44| 45| 46| 48| 49| 50| 51| 53| 54| 55| 58| 59| 61
1.0040 50| 51| 54| 55| 57| 58| 59| 61| 62| 63| 64| 66| 67| 70| 71| 72| 74
1.0050 63| 66| 67| 70| 7.1} 71| 72| 74| 75} 76| 77| 79| 81| 83| 84| 85| 87
1.0060 76| 79| 80| 83| 84| 85| 87| 88| 89| 91| 92| 93| 94| 96| 97| 98}101
1.0070 89| 92| 93| 96| 9.7{ 9.8(100|10.1]|10.2|10.4|10.5|10.6|10.7| 109| 11.0| 11.3| 114
1.0080 102|10.5|10.6 | 109 11.0{ 11.1| 11.3| 11.4] 11.5| 11.7| 11.8| 11.9| 12.0| 12.2| 12.4| 12.6| 12.7
1.0090 15| 118|119 | 122 123] 124 ] 126 12.7| 18] 130 131] 132|134 | 136 13.7| 139 140
10100 128]131]132] 135|136 13.7] 139] 140] 14.1] 143] 14.4] 14.5] 148] 149]'150] 15.2] 153
1.0110 14.1] 144|145 | 148] 149] 150] 152] 153] 154|156 15.7] 160| 161 | 162| 163 | 165| 16.7
1.0120 154 157|158 | 161] 162|163 | 165| 166|167 | 17.0| 17.1] 173|174 | 17.5| 17.7| 17.9] 180
1.0130 167|170 |17.1| 174 17.5| 17.7| 17.8| 17.9{ 18.0| 183 | 18.4| 18.6| 18.7| 188 19.1| 19.2] 193
1.0140 18.0|18.3|18.6 | 18.7| 18.8|19.0| 19.1] 19.3| 19.5| 19.6 | 19.7| 19.9| 20.0| 20.1 | 20.4| 20.5| 20.6
1.0150 19.3]19.6 | 19.9 [ 20.0| 20.1| 204 205| 20.6| 20.8| 209 | 21.0| 21.2| 21.3 | 21.6| 21.7| 21.8] 22.0
1.0160 206(209(21.2|21.3| 21.4|21.7| 21.8| 22.0| 22.1| 22.2| 22.3| 22.5]| 22.7| 22.9| 23.0| 233 | 234
1.0170 220(222]225]227]229[23.0|231|233|234|235]23.6]238{240|24.2|24.3{24.6] 247
1.0180 233{23.5(23.8|24.0| 24.2| 243 | 24.4| 24.6| 24.7| 24.8| 24.9| 252 253| 25.5| 25.6| 259 26.0
1.0190 24.6|248{251]253]255|256]257|259]260] 26.1|26.4|26.5]|26.6| 26.8|27.0| 27.2| 27.3
1.0200 25912610264 266|268]269]27.0|27.2|27.3|27.4|27.7|278]27.9| 282|283| 285|286
1.0210 27.2|27.4|27.7]27.9]28.1] 282|283 28.5|28.6|28.9]29.0| 29.1| 29.2| 29.5| 29.6| 29.8| 30.0
1.0220 28.5(28.7{290(29.2{ 294|295 296 29.8]30.0]30.2|30.3|30.4|30.7| 30.8| 30.9| 31.2 | 31.3
1.0230 29.8|30.0]30.3|30.6(30.7| 308|309 31.2| 313} 31.5| 31.6| 31.7| 32.0| 32.1| 32.2| 32.5| 326
1.0240 31.1|313|31.6|31.9|32.0|32.1]322|32.5]32.6|32.8|32.9|332|333|334|337| 338|339
1.0250 32.4|32.6|329(33.2|333|33.4|33.7|338|339|34.1|34.2]345| 346|347 35.0| 35.1| 352
1.0260 337|339 34.2|34.5| 346 34.7| 350 35.1| 35.2| 35.4| 35.6 | 35.8| 35.9| 36.0| 36.3 | 36.4 | 36.7
1.0270 350|352 355(358| 359362363 36.4|36.5|36.7|36.9|37.1|37.2| 375|376 378] 38.0
1.0280 363 36.5|36.8|37.1|37.2|37.5|37.6| 37.7| 37.8| 38.1| 38.2| 384 | 38.5| 38.8| 38.9| 30.1| 393
1.0290 37.6|37.8|38.1|38.4|38.6|388|389|39.0]39.1|39.4|39.5|39.7|39.9| 40.1| 40.2 | 40.5| 40.6
1.0300 38.9]39.1|39.4|39.7| 39.9] 40.1| 40.2| 40.3| 40.6| 40.7| 40.8| 41.0| 41.2| 41.4| 41.6| 41.8| 41.9
1.0310 4021 40.5|40.7|41.0| 41.2| 41.4| 41.5| 41.8] 41.9| 42.0| 42.1 | 42.3| 42.5
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Table HYD-P-3: Sdlinity (parts per thousand) as a function of density and temperature - continued

Temperature of Water in Graduated Cylinder (° C)
Observed Reading| 25.0 | 25.5| 26.0|26.5 | 27.0| 27.5| 28.0|28.5| 29.0| 29.5| 30.0| 30.5| 31.0| 31.5| 32.0| 32.5} 33.0
0.9980 01| 02| 03| 06| 07| 08| L1] 1.2] 15| 16| 1.9] 20| 23| 24
0.9990 08| 10} 1.2| 14| 15| 18] 19] 20| 23] 24| 25| 28| 29| 32| 34| 36| 38
1.0000 21| 24| 25| 27| 29| 31| 32| 34| 36| 37| 40| 41| 44| 45| 48] 49| 5.1
1.0010 34| 36| 38| 40] 42| 44| 45| 48| 49| 51| 51| 54| 55[ 58] 59| 62| 64
1.0020 49| 50| 51| 54| 55| 57| 59| 61| 63| 64| 66| 68| 70| 72| 75| 76| 7.9
1.0030 62| 63| 66| 67| 68| 7.1} 72| 74| 76| 77| 80| 81| 84| 85| 88| 91| 9.2
1.0040 75( 77| 79 80| 83| 84| 85| 88| 89| 92| 93| 96| 9.7{100]10.1| 104 10.5
1.0050 89| 91| 92| 93| 96| 9.7[100[101]10.2]10.5]10.6]109]11.0]113|11.5|11.7| 11.9
1.0060 102]104|105[107] 109 11.0{11.3] 11.4]11.7] 11.8}12.0] 122} 12.4]| 126 12.8] 13.1| 132
1.0070 115]11.7]11.9|120] 122} 12.4{12.6]12.8| 13.0{ 13.1[ 134|136 13.7] 140| 14.1 | 14.4] 14.7
1.0080 128]130] 132|134 | 136]13.7] 139|141 | 143| 145[ 147]| 149] 152] 153|156 ] 15.7] 16.0
1.0090 14.1|144|145]147]14.9]|150] 153|154 | 157|158/ 16.1| 162| 16.5{ 16.6| 169[ 17.1]| 17.3
- 1.0100 156|157 158 16.1|162]'16.5] 16.6|.16.7| 17.0| 17.1]17.4] 175| 17.8] 18.0] 182 | 18.4| 18.7
1.0110 169|170] 173} 17.4|-17.5] 178]17.9] 182|183 186|18.7| 190| 19.1 | 193 19.6{ 19.7| 20.0 v
1.0120 18.2| 183|186 187|190]19.1]193].195| 19.6[199] 20.1| 20.3| 205] 20.6| 209| 212 21.3
1.0130 195|19.7]19.91200(20.3]| 204 | 20.6] 20.8| 21.0] 21.2| 21.4{ 21.6| 21.8| 22.1 | 22.2| 22.5]| 22.7
1.0140 209121.0[21.2]|214|21.6]21.8{220] 222223 22.6]22.7]23.0{23.1|234]|23.6|23.8] 24.0
1.0150 22.21223122.5)22.7]229]23.1|233] 235|236 239 24.0| 243|246 24.7| 249 25.2| 253
1.0160 235|236 239|240 243] 244 | 24.7| 248|251 | 252]255[ 256|259 26.1| 26.3]| 265 26.8
1.0170 2481251 252]253|256|257|260] 26.1|26.4|26.5/26.8]27.0|27.2] 27.4[27.7| 278 28.1
1.0180 26.1|26.4|265|268|269|27.2)273]27.6]27.7[279]28.1!283|285]28.7}29.0|29.2|294
1.0190 27.6|277| 278|281 28.2] 285|286 28.9]|29.0[29.2|29.5]|29.6|29.9|30.0|30.3| 30.6| 30.8
1.0200 28.9(290( 29.2]29.4| 29.6] 29.8 | 30.0| 30.2| 30.4| 30.6| 30.8] 309 31.2| 31.5{ 31.6| 31.9| 32.1
1.0210 30.2 | 303 30.6]30.7[ 309} 31.131.3]31.5|31.7[ 320 32.1{ 324 325|328 33.0| 33.3| 334
1.0220 31.5|31.7(31.9]32.0[322]325(326]32.9]|33.0(333]|334]337]339!341[ 343 346|348
1.0230 32.8|33.0|332334|335]338]339]342]| 345|346 34.8] 35.0] 35.2| 355|356 35.9| 36.2
1.0240 34.2|343[34.5]|347[350] 351354 355|358 359 36.2| 364 365|368 37.1} 37.2| 37.5
1.0250 355|356 359|360 363|364|367|368|37.1|372|37.5|37.7|37.8] 381|384 386388
1.0260 36.8|369|37.2|37.3|37.6|37.7/38.0]| 38.2|384|386|388]390)393]394]|39.7|399] 402
1.0270 38.1|384]385]38.8|389]39.1]39.3]39.5|39.8]39.9]|40.2]|403)|40.6|40.8] 41.0| 412|415
1.0280 39.4|39.7]39.8|40.1| 40.2| 40.5| 40.7| 40.8| 41.1| 41.2| 415
1.0290 40.8|41.0] 41.2| 41.4| 41.6| 41.8
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- Optional Salinit  y Titration
Protocol

Purpose | Skills

- To measure the salinity of the water sample using Using the salinity titration test procedure
. \L\\:\\ the more accurate salinity titration method Designing measurements strategies ;
Da\

o
;5})’

Recording data

Overview Interpreting results
The major dissolved constituents (salts) in sea .
water Jare found in relatively constant Materials and Tools
proportions. By measuring the concentration of Salinity Titration Test Kit (See Toolkit) -
any one of them in sea water samples, in this Data Work Sheets
; case chloride (chlorinity), the water sample’s Latex gloves
d: 177} - | salinity can then be inferred. 1-liter plastic bottle
= : o : . - Table salt
) Level O _ Distilled water
Intermediate, Advanced - ‘ Masking tape
Time‘ ' ZOO mlL clear plastic graduated cylinder
alance
10-15 minutes
Preparation
Frequency Complete the Calibration activities below.
Weekly Y,
N . Prerequisites
Calibration every six months
A brief discussion of the relation of salinity to
Key Concepts chlorinity and how titration is used to measure
Method of measuring salinity using the them
concentration of one chemical Practice by doing calibration.
constituent of sea water Note: This measurement is for salt and brackish
Constancy of sea water composition waters only. For fresh waters measure
Standardization conductivity instead.
Accuracy
Salinity in water
High and low tides
Precision

_ ..~ Note: For background information and special | Calibration and Quality Control
. ?\,r? considerations for brackish and salty water | Calibration should be performed at least every six
g Hydrology Study Sites, please refer to those | months to verify your technique and the integrity
sections of the Salinity Protocol. of your chemicals. Fresh standards should be
prepared annually.
Salinity Standards

Salinity standards do not come with the Salinity
, Titration Kit, and one needs to be prepared as
@ follows:

GLOBE™ 1997 Protocols - 32 Hydrology
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1. Add water to table salt to make a sea water
titration standard of 38.6 ppt salinity. Use
this standard to test the accuracy of the
Salinity Titration Test Kit.

1.1. Measure out 17.5 g NaCl (table salt)
using an analytical balance. Pour this into
a 500 mL graduated cylinder.

1.2. Fill the cylinder to the line with
distilled water.

1.3. Carefully swirl the solution to mix the
standard.

1.4. Pour the solution into a 1-liter plastic
bottle and label with masking tape
(include the date).

2. Follow directions in the Protocol section
to measure the standards. Where it says
“sample water” use the standard that you
made. : .

3. Record the value of the standards after
testing on the Hydrology Investigation
Data Work Sheet.

4. 1f salinity standards are off by more than
0.4 ppt, prepare new standards and repeat
the measurement.

Note: The sea water titration standard
concentration is corrected for sea water
composition. For example, to calculate the sea
water salinity from 17.5 g NaCl in 500 mL (35
ppt NaCl), take into account the molecular
composition of NaCl (the ratio of the molecular
weight of Cl to NaCl is 0.61): 35 ppt x 0.61 =
21.35 ppt chlorinity. The salinity of the standard
is 21.35 x 1.80655 = 38.6 ppt because in sea water
chloride ions comprise 55.354% of the total
dissolved salts by weight.

Times of High and Low Tide

Obtain the times of high and low tide for the
location nearest your site for which these are
available. The times reported should be for the
high or low tide immediately preceding and
following the time you make your measurements.
Record these times and place they occur on your
Hydrology Investigation Data Work Sheet and
report them with your other data to the GLOBE
Student Data Server.

How to Measure Salinity

1. Use a salinity titration test kit which meets
the Globe Instruments Specifications in the
Toolkit. The kits are based on the
technique of adding a color indicator to
the sample and then adding an acid titrant
dropwise until a color change is observed.

2. Follow the manufacturer’s instructions on
the kit. To titrate more saline water than
20 parts per thousand (ppt), refill the
titrator with acid, keeping a record of the
total amount of acid used.

3. Record the salinity in ppt on the

Hydrology Investigation Data Work Sheet. -

4. Take the average of the salinity values
measured by the student groups. If the
recorded values are all within 0.4 ppt of
the average, submit the average to the
GLOBE Student Data Server. If they are
not within 0.4 ppt of the average have the
students retitrate the sample, then record
and average the new values. 1f there is still
one outlier (a value far different from the
rest) discard that value and average the
rest of the values. 1f they are now all
within 0.4 ppt of the new average, report
this new average to the GLOBE Student
Data Server. If there is a wide scatter
(more than 0.4 ppt) in results, discuss the
procedure and the potential sources of
error with the students, but do not report
a value to the Data Server. Repeat the
protocol to produce a reportable
measurement.

5. Put all liquids in waste bottles.

GLOBE™ 1997
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Purpose

‘( \ To measure the alkalinity of the water sample
D
RS

Overview

Alkalinity is closely related to the kinds of
aquatic life that will survive in water.

Time

15 minutes

LU Level
L:?(, ) N .
) j Intermediate, Advanced

Frequency
Weekly

Calibration every six months

Key Concepts

Alkalinity, natural factors affecting
alkalinity

Method of measurement of alkalinity

Standardization

Accuracy, Precision

Skills
Using the alkalinity test
procedure properly
Recording data

Materials and Tools

Alkalinity Test Kit (See Toolkit)
Baking soda (sodium bicarbonate)
Distilled water bottle

Distilled water

500 mL beaker

100 mL graduated cylinder
500 mL graduated cylinder
Stirring rod

Data sheets

Sample bottle

Latex gloves/safety goggles
Balance

Preparation

Complete the Calibration/Quality Control
activities below. Bring the tools and materials
to the water site.

Prerequisites

None

Calibration and Quality Control
Preparing the Baking Soda Standard
1. Using your balance, weigh out 1.9 g
baking soda and add it to your 500 mL
graduated cylinder. Make sure to transfer
all of the baking soda to the cylinder.
i 2. Fill the 500 mL graduated cylinder to the

%’ Q » 500 mL mark with distilled water.

. Pour this solution into the 500 mL beaker,
and stir it with a stirring rod to make sure
all of the baking soda has dissolved.

4. Pour 15 mL from the beaker into the 100

mL graduated cylinder.

5. Rinse the 500 mL graduated cylinder with
distilled water first. Pour the 15 mL of
your baking soda solution into the 500
mL graduated cylinder.

6. Fill the 500 mL graduated cylinder to the
500 mL mark with distilled water.

7. The solution in your 500 mL graduated
cylinder is your standard.

The true alkalinity of this baking soda standard
is 68 mg/L as CaCO,. The true value for distilled
water is usually below 14 mg/L.

GLOBE™ 1997 Protocols - 34 Hydrology
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Quality Control Procedure

1. Do the alkalinity protocol below using the
baking soda standard instead of your water
sample.

2. Record the alkalinity value in mg/L as
CaCO, on the Calibration Data Work
Sheet.

If the baking soda standard is off by more than
the mg/L equivalent of one drop or one gradation
of the titrator for your alkalinity kit, prepare a new
baking soda standard making sure your weights
and dilutions are accurate. If you are still off by
more than the mg/L equivalent of one drop or one
gradation of the titrator for your alkalinity kit, you
may need to get new reagents for your kit.

How to Measure Alkalinity

If your alkalinity kit has both a low range protocol
and a high range protocol, use the low range
protocol unless your water sample has an
alkalinity greater than about 125 mg/L as CaCO,.
This will enable you to make more precise
measurements.

1. Use an alkalinity test kit which meets the
GLOBE Instruments Specifications in the
Toolkit. Follow the manufacturer’s
instructions. The kits are based on the
technique of adding a color indicator to
the sample and then adding an acid titrant
dropwise until a color change is observed.

2. Record the total alkalinity in mg/L as
CaCO, on the Hydrology Investigation
Data Work Sheet.

3. Take the average of the alkalinity values
measured by the student groups. If the
recorded values are all within the
equivalent in mg/L of one drop or one
gradation of the titrator for your test kit of
the average, report the average value to the
GLOBE Student Data Server. If you have
more than three groups and there is one
outlier (a value far different from the rest)
discard that value and calculate the
average of the other values. If they are now
all within the equivalent in mg/L of one
drop or one gradation of the titrator for

your test kit of this new average, report
this new average to the GLOBE Student
Data Server. If there is a wide scatter (more
than the equivalent of one drop or one
gradation of the titrator) in results, discuss
the procedure and the potential sources of
error with the students, but do not report
a value to the Data Server. Repeat the
protocol to produce a reportable
measurement.
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 Nitrate Protocol

Purpose

To obtain nitrate nitrogen measurements of the
water at the Hydrology Study Site

Overview

Measuring nitrate levels in water is an important
step in the determination of water quality.
Nitrogen exists in water in numerous forms, two
of which are nitrate (NO,") and nitrite (NO,").
Of these forms, nitrate is usually the most
important. Nitrite can be found in suboxic
waters. Nitrate is an essential nutrient for growth
of algae and other aquatic plants, and can be
present at high levels due to inputs from a
variety of sources. Nitrate is very difficult to
measure directly, so it is reduced to nitrite and
the resulting nitrite concentration is measured.
The measurement gives the combined
concentration of nitrite (if present) and nitrate
concentrations. Because we are interested in the
nitrate measurement, background levels of
nitrite also have to be measured. Nitrate
measurements are reported as nitrate nitrogen
(mg/L). Nitrite measurements are reported as
nitrite nitrogen {mg/L).

Level

Intermediate and Advanced

Time

About 15 minutes

Frequency
Weekly

Calibration every six months

Key Concepts

Colorimetric methods for water analysis
Nitrate in water

Skills

Doing a colorimetric analysis
Designing measurement strategies
Recording data

Materials and Tools

50 mL beaker or flask

Nitrate Test Kit (if you have salt or
brackish water, be sure to
use an appropriate test kit)

100 mL graduated cylinder

500 mL graduated cylinder

3 500-mL bottles or jars

Distilled water

Preparation

Read all instructions carefully in the test kit
before beginning. Make sure kit includes all
the materials listed. Review proper levels of
nitrate that are acceptable in water (10 mg/L
nitrate-nitrogen for drinking water).

Prerequisites

A brief discussion of why nitrate is important
in water

A discussion of the difference between nitrate
nitrogen and nitrate

A discussion of the difference between nitrate
and nitrite

Practice by doing calibration.

GLOBE™ 1997
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Calibration and Quality Control

Standards should be run at least every six months
to verify your technique and the integrity of your
chemicals. Fresh standard should be prepared
each time unless the standard has been stabilized.
Measuring the standards will help to clarify the
instructions in test kits where wording may be
unclear.

Nitrate Standards

Nitrate standards do not come with test kits and
need to be either ordered separately or prepared
as follows:

* Stock Nitrate Solution: Dry KNO,
(potassium nitrate) in an oven for 24
hours at 105° C. Then dissolve 3.6 g of
KNO,; in distilled water. Dilute to 500 mL
in your 500 mL graduated cylinder using
distilled water. Carefully swirl the solution
to mix (do not shake). Store in a 500 ml
bottle or jar. Label with masking tape
(include date). This makes a 7200 mg/L
KNO, (or a 1000 mg/L nitrate nitrogen)
solution.

Note: To calculate nitrate nitrogen
(NO,-N), take into account the molecular
composition of KNO, (the ratio of the
molecular weight of N to KNO, is 0.138):
7200 mg/L KNO, x 0.138 = 1000 mg/L
nitrate nitrogen (N03-N).

+ Standard Nitrate Solution: Measure 50
mL of the stock nitrate solution using the
100 mL graduated cylinder. Pour into the
500 mL graduated cylinder and dilute to
500 mL with distilled water. Carefully
swirl the solution to mix. The resultis a
100 mg/L nitrate nitrogen standard. Store
in a 500 ml bottle or jar. Label with
masking tape (include date).

» Make a new stock nitrate solution each
time a calibration is conducted if the
stock solution has not been preserved.
Standard nitrate solutions should be made
fresh each time regardless of whether the
stock solution has been preserved or not.
The stock nitrate solution can be
preserved and stabilized for up to six
months using chloroform (CHC13) if you

have safe access to this chemical. To
preserve a stock nitrate standard add 1
mL of CHCI, to 500 mL of stock solution.

Quality Control Procedure

1. Dilute the 100 mg/L standard to make a 2
mg/L standard. Use this standard to test
the accuracy of the nitrate kit. Measure
out 10 mL of the 100 mg/L standard
nitrate solution using the 100 mL
graduated cylinder. Pour this into the 500
ml flask or beaker. Measure out 490 mL
of distilled water in the 500 mL graduated
cylinder and add to 500 mL bottle or jar.
Label with masking tape (include date).
Carefully swirl the solution to mix the

«standard.

2. Follow the directions in the Protocol
section to measure the standard. Where it
says “sample water” this is where you use
the standard that you made.

3. Record the value of the standard after
testing on the Hydrology Investigation
Data Work Sheet.

4. 1f the nitrate standard is off by more than
1 mg/L, prepare new dilutions and repeat
the measurement. If still off, make a new
stock solution and repeat the procedure.

How to Measure Nitrate Nitrogen

1. Use a nitrate measurement kit that meets
the GLOBE Instrument Specifications in the
Toolkit. Rinse the sample tubes in the kit
at least 3 times with sample water before
starting the measurement.

2. Nitrate nitrogen plus nitrite nitrogen:
Follow the manufacturer’s nitrate
instructions in the kit. The kits are based
on the technique of adding a reagent that
reacts with nitrate to form nitrite. The
nitrite reacts with a second reagent to
form a color. The intensity of the color is
proportional to the amount of nitrate in
the sample. The concentration is
determined by comparing the sample
color, after addition of reagents, to a color
comparator included in the kit. If the kit
calls for shaking the sample, be sure to
shake for the specified period of time.
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Failure to follow the times specified in the
directions will result in inaccurate
measurements.

3. Have at least 3 students in the group read
the color comparator. Record the nitrate
concentration for each student group on
the Hydrology Investigation Data Work
Sheet. (Note: Hold the comparator up to a
light source such as a window, the sky ora
lamp. Do not hold it up to the sun.)

4. Take the average of the three readings. If
the recorded values are all within 1 mg/L
of the average, record the average on the
Hydrology Investigation Data Work Sheet.
If they are not within 1 mg/L of the
average have the students reread the color
comparator, then record and average the
new values. (Note: do not reread if more *
than 5 minuies has elapsed.) If your
remaining values are now all within 1 mg/L
of the new average, record this new
average on the Hydrology Investigation
Data Work Sheet. If there is still one
outlier (a value far different from the rest)
discard that value and calculate a new
average of the other values. If there is still
wide scatter (more than 1 mg/L) in results,
discuss the procedure and the potential
sources of error with the students, but do
not report a value to the Data Server.
Repeat the protocol to produce a
reportable measurement.

5. Nitrite nitrogen: Follow the
manufacturer’s instructions for nitrite. It is
the same procedure, except the reagent to
reduce nitrate to nitrite is not used.

6. Repeat steps 3 and 4 to obtain nitrite
values.

Note: Test results should be reported as mg/L
nitrate nitrogen (NOB- N; the same units as your
standards), and not as mg/L nitrate (NO,").

For general information: To convert mg/L nitrate
to mg/L nitrate nitrogen divide by 4.4, the ratio
of their molecular weights. For example: 44 mg/
L NO,™ is equivalent to 10 mg/L NO,-N. To
convert mg/L nitrite to mg/L nitrite nitrogen divide
by 3.3, the ratio of their molecular weights.
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Water Walk

Students become acquainted with their Hydrology Study Site and profile its g
Characteristics.

Model Your Watershed

Students will combine their own local observations with a topographic map and
satellite-derived imagery to construct a three-dimensional model of their watershed.
Water Detectives: (K-3)

Students will investigate how they use their senses for observation and why we use
instruments to collect data.

PH Game

Students will play a game to better understand the importance of pH levels.

Practicing the Protocols

In the classroom, students practice using the instruments or Kits for protocoils,
exploring the range of measurements and sources of variation and error.

Water, Water Everywhere. How Does it Compare?

Students will begin to look at and analyze GLOBE data with the Hydrology
scientists.

Macroinvertebrate Discovery
Students will explore how the water chemistry affects life at their site.

Modeling Your Water Balance
Students will model the changes in soil water storage over a year.

GLOBE™ 1997 Learning Activities - 1 Hydrology
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Purpose

To become familiar with the hydrology of your
locale

Overview

Students will visit the Hydrology Study Site,
conduct a visual survey to discover information
about local land use and water quality, and
document their findings by mapping and
profiling the water body They will use this
initial investigation to raise questions about
local land use and/or water chemistry issues that
may require further study.

Time

Field trip time plus one class period

Skill Level
All

Key Concepts

Surface water exists in many forms, such
as: ponds, lakes, rivers, and snow cover.

Water characteristics are closely related to
the characteristics of the surrounding
land.

Water moves from one location to another.

Surface water has many observable
characteristics, such as: color, smell,
flow, and shape.

Skills

Observing water at the study site

Describing water at the study site

Organizing observations

Asking questions based on observations at
the study site

Identifying relationships between land
characteristics and water characteristics

Communicating initial observations and
interpretations orally, in writing and
graphically

Mapping the hydrology of the study site

Materials and Tools

Drawing materials and tools for creating
pictures and maps

GLOBE Science Notebooks and pens

Still or video cameras for photography

Compass and measuring sticks or twine

Clear plastic cups or bottles for observing
the clarity and color of the water

Preparation

Obtain topographic maps and satellite imagery
of your study site.

Prerequisites

None

Background

Your body of water is part of a catchment basin.
A watershed delineates a catchment basin, the
area drained by a river and its tributaries. The
topography of the area determines the shape of
the watershed. The surrounding land and the uses
of this land — towns, cities, highways, agricultural,
livestock, timber harvesting, natural vegetation,
etc.— influences the water chemistry of bodies of
water within the watershed.

Many factors can affect the characteristics of the
water in a river system, lake, or pond.
Characteristics of water include: temperature,
color, shape, etc. In the protocol, you will be
collecting data about water quality as measured
by dissolved oxygen, pH, alkalinity and electrical
conductivity. Field observations increase the
students’ ability to conceptualize links between
land characteristics and water characteristics. This
activity is an introduction to your hydrology study
site and lays the foundation for subsequent
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hydrology learning activities and the hydrology
protocols.

What To Do and How To Do it
1. Ask students about their knowledge of

local bodies of water. Begin with questions
such as:

Is there a lake, river, pond or stream that
you visit?

What is your [avorite past-time at this
place?

Why is this body of water important to
you?

. Take your students to the Hydrology

Study Site. Remind them of safety issues.

For beginning levels:

3. For the younger students, the goal is to,

have the students walk around, observe
and ask questions about the water in their
study site. This includes noticing the flow
of rivers or streams, the presence of ponds
or lakes, residual water from precipitation,
springs and soil moisture. Encourage your
students to focus on water in all its forms
as they walk around the study site. Take a
container and collect a sample of the
water. Ask students to observe the color of
the water, what they see in the water,
whether the water is moving and how fast,
what is near the water, whether they can
hear the water while they are quiet,
whether the water has a smell, whether
the water is clear or cloudy, etc.

. Have your students draw pictures and/or

take notes about the location and size of
the study site. Compare the water location
to other features on their study site such
as trees, hills, etc. Have your students ask
questions about where the water came
from.

For intermediate and advanced levels:

3. Assign teams of students to survey

different sections of the site. In teams
composed of a journalist, a mapper, a
sketcher, and a photographer, students
should begin to document what they

con

Bt & k: _ ;
Students at the University of Arizona performing pH,

%

ductivity, and alkalinity measurements.

observe about their section. What is the
appearance, smell, nature of the water in
their section? Bordering lands should be
noted: urban, agricultural, industrial,
residential, wooded, swamp, etc. Students
should map the general contours and
characteristics of their sections and record
the wildlife and plants in and around its
water. What is the slope of the land
adjacent to their section of water?

. Back in the classroom, students should

create a composite display of all the maps.
Look for similarities and differences and
discuss observed patterns. Based on their
observations, encourage students to think
about how the water got to this location,
how it flows through the study site, where
it goes from there, how the area
surrounding the water influences the
quality of the water particularly during
periods of rain, snowmelt, flooding, etc.
What questions do they have? Record
them on a poster on the classroom wall.
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C' » 5. In addition, ask the students to discuss Student Assessment

some of the following; Have students create a visual display of what they
What land use activities did you observe know about their body of water, including
and list? How do you think these activities | surrounding land uses and their impacts on the
would change the water characteristics? quality of the water (both positive and negative)
N Wou.ld these activities influence water in ways that affect fish and animals, including
\\\ quality? humans, that depend on the water. Share this with
\@_ S5 What type of water appearance was others at school and in the community.
=X recorded most often and what might this
indicate about the water quality? Acknowledgment
Was there evidence of human uses of the Adapted from The Aspen Global Change Institute’s
; water? Evidence of wildlife and other Ground Truth Studies Teacher Handbook, River
\ animals using the water? Walk, and Project WET’ Stream Sense.
Further Investigations

gty 1. As students visit the site monthly to

e “-—/) collect data for the hydrology protocol, . .. -
remind them of their observations during
this activity and ask them to note changes
in their GLOBE Science Notebooks.

2. The quantity and the quality of water is a
global issue. Take your composite
information about your Hydrology Site
and prepare a written description of the
features and characteristics, including such
materials as graphs, of your hydrology
data. Contact another school that has
reported data and make arrangements to
have them graph their hydrology data.
Exchange and compare the graphs of the
data from both schools. Each should then
prepare a written description of the other’s
Hydrology Study Site based on the
comparisons. Then exchange the written
descriptions and discuss how the
extrapolated descriptions compare with
the original descriptions. Explore the
things which can and cannot be concluded
from the data.
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Model Y our Watershed

Purpose

To introduce students to their watershed and
how it works

Overview

Beginning students construct a three-
dimensional model of a watershed and
experiment with water flow. Intermediate and
advanced students use topographic maps and
Landsat images to construct a three-
dimensional model of their watershed and test
_hypotheses about water flow.. ..

Time . : : ‘1. ’ W "
For beginning levels: one class period

Forintermediate and advanced levels: two to three
class periods

Level
All

Key Concepts
A watershed guides all precipitation and
run off to a common watercourse or
body of water.

The Hydrology Study Site is part of a
watershed.

The nature of a watershed is determined
by the physical features of the land.

Skills

Modeling a watershed

Predicting water flow

Interpreting maps and images to create a
physical model of the watershed

Materials dnd Tools

For beginning levels:

Plywood sheet approximately 1 m x 1 m

Rocks of various sizes

Plastic sheet

plant sprayer

For intermediate and advanced levels:

Topographic map of your Hydrology
Study Site and surrounding area

Landsat image of your GLOBE Study Site
(provided by GLOBE)

Plywood sheet approximately 1 m x 1 m

Plaster of Paris, clay or similar material

Waterproofing material or a household
plastic wrap

Preparation
Gather the materials
Obtain topographical maps (refer to How to

Obtain Maps and Remote Sensed Images in the
Toolkit)

Prerequisites

For intermediate and advanced levels: basic
understanding of maps and familiarity with
topographic maps and Landsat images

For background information on contour maps,
refer to Contour Line Basics in the Appendix
to this investigation.

Background

The watershed guides all precipitation and runoff
(water, sediment, and dissolved materials) to a
common watercourse or body of water
(catchment). A divide (or watershed) is the ridge
between drainage areas. You may have heard of

the Continental Divide, the ridge that divides the
U.S. and causes all river systems east of it to flow
to the Atlantic Ocean and all those west of it to
drain to the Pacific Ocean. These large watersheds
are made up of smaller ones. In this activity,
students will locate their local watershed and
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create a model of it that will be useful as they
study their water system.

Human activities, such as building dams to
impound water, diverting water over divides from
one watershed to another (transbasin diversion),
or changing the topography of the land to build
roads and other structures, can alter watersheds.
Learning about and modeling a watershed is a way
to help people grasp the realities of the water
system on which they depend — where the water
comes from, where it goes, and what kinds of
choices people can make to use and conserve it
responsibly.

What To Do and How To Do It
For beginning levels; .

. 1. On the plywood board, place a variety of
rocks of different shapes and sizes. Place a
plastic sheet over the rocks, push down on
the plastic around the rocks to give it
shape and to ensure that there are high
and low spots.

2. Ask your students what they think will
happen when they pour water onto
various places of this model.

3. Then, have your students use a plant
sprayer to spray water over the surface of
the model. Keep on spraying until the
water flows. Observe how the water flows
and where it collects.

4. Discuss with your students what they
observed, paying special attention to how
the shape of the model effects the flow of
the water.

5. Ask your students what would happen if
they move the rocks to different places.
Ask them how they might arrange the
rocks to have a more rapid, or slower flow
of water or to have more or less water
collect in a specific location.

6. Have your students rearrange the rocks to
test their ideas. Repeat this variation
several times.

For intermediate and advanced levels:

1. Ask students:
What is a watershed?
Why are watersheds important?

2. Provide students with topographic maps
and Landsat images of your area. Help the
students to get oriented to what is shown
in the topographic map and in the Landsat
image and how to correlate the two. Assist
the students in using the satellite-derived
imagery as a similarly-useful resource. Ask
the students to identify their watershed
with a name, and find its boundaries.
Contour lines and elevation changes on
the topographic map are helpful in
establishing watersheds. By marking
hilltops and ridges, students can create a
useful outline of their watershed.

To begin, students should select an easily
identifiable point, such as the mouth of a
stream. Working backwards from that
point, they should mark other obvious
points like peaks and ridges that separate
adjacent streams. Ask, “Which way would
the water flow from this point?” Have
students draw arrows to show drainage
patterns. The picture of the watershed will
become clearer as more points are
identified.

3. Provide students with the materials to
build a model of their watershed using
one of a number of different media. Plaster
of Paris, clay, and/or other materials of
your choice will work well. Ask the
students to work in small groups to create
their model. They should cover the model
with household plastic wrap.

4. Once completed, ask the students to spray
water on the model and trace the path a
drop of water takes across the watershed
and into the watercourse.

5. Discuss the relationship between the
physical features of the watershed and the
location of human activities. Focus
especially on the patterns of the flow of
water in your watershed.
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Further Investigations

1. What larger watershed is your watershed a
part of? And which watershed is that larger
one a part of? Keep asking yourself this
question for larger and larger watersheds.
What is the largest watershed of all?

2. Compare recent satellite-derived images
with those from earlier time periods. What
changes have taken place in the
watershed?

Student Assessment

1. Ask students to write an essay about the
importance of watersheds.

2. Ask the students to describe how each of
the Hydrology protocols is relevant to
understanding watersheds and their
significance. '

3. Have students locate several natural
physical features and several human-made
features on the topographic map, and
satellite images. Locate their
corresponding positions on the watershed
model.

4. Ask students to describe ways in which the
physical features of the watershed could
influence future human activities. Let them
predict ways physical features of the
watershed could influence future human
activities.

5. Ask students to describe ways in which
human activities change the shape of the
watershed, and, consequently, the path
along which water will flow.

Acknowledgment

Adapted from Make A Watershed Model (Aspen
Global Change Institute's Ground Truth Studies
Teacher Handbook), with additional information
from Understanding Watersheds from Tennessee
Valley Authority.
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Purpose

To help students understand that there are many
substances in the water which they can find
using their senses and that there are other
substances which they can only identify using
tools

Overview

Students will try to identify substances in the
water using their five senses. They will then use
GLOBE instruments to detect substances in the
water. '

Time

One class period

Level

Beginning

Key Concepts

Your 5 senses tell you about the world.
Your senses detect different things.
You use tools to help enhance your senses.

Skills

Exploring answers to questions

Developing answers to questions
(hypotheses)

Conducting an experiment

Making observations

Recording data

Counting (or adding)

Materials and Tools
Foreach team of 4 or 5students:

5 clear plastic cups or jars
5 plastic spoons
Marker to number cups
Items to detect in the water which
represent all of the senses, such as:
Sight - drop of yellow food coloring,
lemon juice, carbonated water
Touch - baking soda
Smell - lemon juice, vinegar
Taste* - salt, sugar, distilled water, tap
water
"Hearing - carbonated water
Work Sheet
* Use of taste is at the discretion of the
teacher.

Preparation

Prepare the water samples for the experiment
and duplicate the Water Detectives Work
Sheet.

Prerequisites

None

Background

With an average runoff of 30 cm/yr, the hydrologic
cycle constantly erodes the continents. A fraction
of the eroded material is transported by rivers to
oceans, both as suspended solids (e.g. sand, clays,
and silts) and dissolved substances (e.g. salts).
These can be considered as natural pollutants and
can vary from dissolved limestone (calcium
carbonate) to dissolved minerals that contain

heavy metals such as lead, cadmium, and zinc.
Other substances are introduced into the
hydrologic system through human activity. Oil,
sewage, and chemical fertilizers and pesticides are
examples. It is clear that if materials are being
carried in the water, all forms of life using that
water are subject to the effects of these substances.

Scientists have developed tests to see if various
substances, whether harmful or beneficial,
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naturally occurring or not, are found in water.
These tests involve the use of tools to measure
substances or properties that humans can not
sense directly.

Preparation:

* Provide a work station with cups of water
with small amounts of each ‘mystery food’
substance mixed in for each group
(saltwater, carbonated water, etc.). Also
provide tap water among the testing cups.

*» Lay out spoons for dipping water to feel
and to taste.

* Number the cups with the marker.

* Copy the Work Sheet for each student.

What to Do and How to Do If:

Discuss with students how they use their senses
to detect things in their environment. Discuss the
advantages and limitations of each of the senses..
Questions students may want to think about:

1. How do we use our eyes to detect danger?
When does our sense of sight not work
very well? (when something is out of vision
range, in the dark, invisible...)

2. How do we use our ears to detect danger?
When do our ears not work very well?
(things that make no sound, when we do not
listen or pay attention...)

3. How do we use our sense of smell to
detect danger? When does it not work
very well? (some things are odorless, when
we have a cold...)

4. How do we use our sense of touch to
detect danger? When does it not work
very well? (when an object is far away, when
touching might be dangerous...)

5. How do we use our sense of taste to detect
danger? When does it not work very well?
(when something might be poisonous or
unclean...)

6. Hold up a cup of water. Ask, which of
your senses do you think would be most
useful for finding out if the water was tap
water for drinking? Consider the
advantages and disadvantages of using
each of your senses.

7. Do you think that just one of your senses
would always work for finding out which
of the cups contained tap water? Make a
guess (hypothesis) as to which of your
senses would most often detect mystery
foods in the water. On your Water
Detectives Work Sheet circle your guess
from the pictures at the top of the paper.

Phew! | think
1 l s ’ - this;vatter'_ ,
;3 ; needs testing!
H £

Doing the Experiment

1. Show students the boxes of ‘mystery food’
which have been put in the water (salt,
baking soda, etc.) Say, “These are foods
that | have mixed into the water in front of
you. We are going to use our senses to
detect which of these foods are in the
cups.”

2. Have students look at the cups of water.
Have them make an X on the Work Sheet
next to the number of any cup that does
not look like tap water. Put a W next to
any cup that does look like tap water.

3. Have students listen to the cups of water.
Have them make an X on the Work Sheet
next to the number of any cup that does
not sound like tap water. Put a W next to
any cup that does sound like a cup of
water.

4. Have students smell each cup of water.
Have them make an X on the Work Sheet
beside the number of any cup that does
not smell like tap water. Put a W next to
the cups that do smell like tap water.

5. Have students dip a few drops of water
from each cup with the spoon to feel the
water. Have them put an X on the Work
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’ é<\ “: Sheet next to any cup that does not feel
like tap water. Put a W next to any cup

that does feel like tap water.
6. Have students dip a spoon in each cup of
, water to taste it. Tell them to use a clean
\&\ ' spoon each time. Have them put an X on
\\&\\\ the Work Sheet next to the cups that taste
AR RN\ different than tap water. Put a W next to

X any cup that does taste like tap water.

7. Have students count the number of X’s
under each sense. Which sense had the

) most X’s? This is the sense that was best
for detecting what was in the water.

8. Have students review which senses they
thought were best for exploring water.
Taste? Remind students that it was OK to

" “taste the water today, but ask, “Would you
want to taste water if you didn’t know
anything about what was in it? .

9. Ask students what other ways might be
used to find out what was in water.
Introduce the idea of how we use tools
and ask for examples of how we use tools
to help our senses. For example, they may
think of smoke detectors, microscopes,
hearing aids, etc.

10. Introduce students to pH paper as a tool
for sensing water. Have students use pH
paper to test their cups of water. What can
the pH paper detect?

iy

e

Note: A follow-up activity for pH is the pH Game.
Students can explore different pH values of
different substances found in their environment.

co

Adaptation for Older Students:

1. Have students use more advanced tests to

determine differences in the water
(alkalinity, conductivity, salinity or specific
gravity).

. Challenge students to devise their own

tests for detecting differences in the water.
(Example: shaking the water, adding other
chemicals which might react with things
in the water.)

Student Assessment
Ask students to:

* list several substances found in water
» explain why instruments are sometimes

needed to detect substances

guess (hypothesize) how various
substances might affect things living in the
water

explain how each sense is good for
examining different kinds of materials

use the Work Sheet to record their (data)
information and see how the work sheet
can help them explain the results.

Further Investigations

Have students investigate whether different plants
and animals like different types of water.

GLOBE™ 1997 Learning Activities - 10 Hydrology
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Water Detectives Work Sheet

Name:

Cup

See

Hear

Smell

Feel

Taste

pH Test

P+

OB

=Y

25

1 one

2 two

3 three

4 four

5 five

TOTAL

Directions forFilling Outthe For m
Under the column for each sense and in the row for each numbered cup, put an “X” in each box
that represents a liquid that you think is NOT water. Put a “W” in the box that represents the
liquid that you think IS water.

Be sure that you use only the sense that is listed in each column when making your decision.
When you are done testing each sense for each cup look at the rows to see which one has the
most Ws. That should be the cup with the water.
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“The pH Game

Purpose

To teach students about the acidity levels of
liquids and other substances around their school
so that they understand what pH levels tell us
about the environment

Overview

The pH game will engage students in the
measurement of the pH of water samples, soil
samples, plants and other natural materials from
different places. Students will create mixtures
of materials in order to collect different pH
measurements.

Time
One class period for preparation

One class period for the game

Level
All

Key Concepts

pH measurements

Skills

Taking measurements

Conducting analysis

Interpreting findings

Understanding interrelations in nature

Materials and Tools

For each team (about 4 students):
20 pH strips
3 or 5 small cups
Paper and pencil
Labels with which to attach results to
the results board

For the whole classroom:
Results board for all teams (one line of
pH levels from 2 to 9 for each team)
Flip chart with rules
Additional pH strips

Preparation

The teacher should prepare various acidic an
alkaline mixtures/solutions of natural and
processed materials. These solution should be
labeled with the ingredients and a letter, but
not their acidic or alkaline characteristic.
Examples of acidic solutions include
fermented grass, dilute and concentrated
lemon juice, black coffee, vinegar, orange
juice, and soft drinks. Alkaline solutions
include salt water, shampoo, baking soda,
chlorine bleach, household ammonia, and
oven cleaner. Soil solutions produced by
mixing water and local soil samples should
be used as well as local water samples. The
teacher can also produce solutions from
materials found around the local school area,
such as oil drippings from a vehicle, liquid in
a discarded bottle, etc.

v

Prerequisites

None

Background

The level of acidity (pH) significantly influences
the vegetation and wildlife in an environment. The
pH can be influenced by different factors. The
main influences are the alkaline contributions
from rocks and soils, the amount of water in the
landscape and also human activities (traffic,

buildings, paved surfaces, etc.). Acid rain may also
have an important impact on water pH. It is
important to understand these relationships. This
simple activity will help your students to
understand the interdependence of nature and
human activities.
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Note: Remind students of the difference between
hypothesis and results. Encourage them to
develop their hypothesis and find a way to test it
with results (prepare some literature for them,
invite an expert to the class, examine past
measurements, etc.).

The Rules

1. Explain to students the objective of the
game is that each team identifies solutions
which have a pH range of 2-9.

The students should draw a horizontal pH
scale line from O to 14, marking pH 7 as
the neutral point. Each unit should be
spaced at least 1 cm apart. They should
then draw a box underneath each pH unit
“from 2t0 9.

Each team finds substances that have a pH
corresponding to a box in the pH scale.

2. The teacher draws the following matrix on
the board. See Matrix HYD-L-1.

3. One point is awarded for each box filled,

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

. Students should record all the information

about the solution from the labels and the
pH they measured.

. When students are ready to submit a

sample for the game results board, they
show the teacher their notes and sample.
Together they measure the pH with a new
pH strip. If the pH agrees with the
students’ previous measurement, the
sample is approved and the points are
added to the team’ score. The table below
is an example of results for different
teams. See Matrix HYD-L-2.

. The teacher gives a new pH strip for each
-'sample added to the results board.

3wy Hd 3yt

xipusddy  /\sapmy Su;weay \

SWOISA /

sjosojoid  /\  uomdnponuy  / \

A\

Matrix HYD-L-1
pH Value
Teams 2 3 4 5 6 7 8 9 TOTAL
Team 1
Team 2
Team 3
Matrix HYD-L-2
pH Value
Teams 2 3 4 5 6 7 8 9 TOTAL
Team 1 1 1 4
Team 2 1 1 1 3
Team 3 1 1 1 3
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218




Modifications for different ages
Beginning

For a basic understanding, use salt and sugar and
explain to students that salty does not necessarily
mean acid and that sweet does not necessarily
mean alkaline. Cola soft drinks are good examples
of a sweet and very acid liquid.

Intermediate

Make the game more competitive. For instance,
the team that finds or creates the first sample of a
particular pH value receives 5 points;
subsequently, samples for that pH level receive
only 1 point.

Make the game more difficult by limiting the

~sample sources to only natural materials.

Limit the number of pH strips given to each group
and set up a rule for buying a new one with game
points.

Advanced

Ask the students which solutions should be added
together to produce a neutral solution. Have them
test their hypothesis by adding some of the labeled
solutions together and recording the pH. Have
students quantify the neutralization capacity of
different solutions. Relate this to buffering capacity
(alkalinity) of hydrology sites.

Provide students with samples of solutions from
other parts of your country (or of the world) and
ask them to characterize how they influence pH
differently.

Conduct a similar analysis of samples from
different geological layers or different areas of the
community or study site.

Note: For older students we recommend inviting
an expert to answer their questions.

Further Investigations

Examine the Hydrology Study Site for materials
in soil, rocks, and vegetation that influence the
pH of the water.

Try to identify and quantify influences that are
not always present at the study site, such as
precipitation or some event upstream of your
sampling site.

Student Assessment

After the game sit with students around the results
board and identify what samples they have found,
where the samples were found, and the pH of the
samples. Encourage students to present their own
ideas about why different samples have different
pH values. Emphasize differences among water
samples from soils, rocks, artificial surfaces, lakes,

‘rivers, etc. Mention the acid neutralization

capacities (alkalinity) of some rocks and the acidic
influences of different materials. Ask them why it
was difficult to find samples for some pH levels
and easy to find others.

Acknowledgments

The pH game was created and tested by the leaders
team of TEREZA, the Association for Environmental
Education, Czech Republic.
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Practicg the
Protocols

Purpose
To have students:
1. learn how to use each of the hydrology
instruments correctly
2. explore the ranges of measurements
possible with each instrument
3. use each instrument as directed in the
protocol
4. understand the importance of quality
control.

Overview .
Groups of students will rotate among
measurement stations for each of the protocols
that will be performed by the class. They will
practice using the instrument or kit and protocol
for that particular measurement, exploring
sources of variation and error. The activity
concludes with students testing water samples
brought from a variety of places (home, yard,
puddles, brooks, etc.).

If you have enough instruments and kits, you
may want to focus on a subset of the
measurements during a given class period in
order to simplify the discussion.

Time
Three to four class periods

Level
Varies with the protocol

Key Concepts

Quality assurance
Quality control
Reliability
Accuracy
Protocol
Calibration

Skills

Following directions carefully
Performing measurements

Materials and Tools

Refer to the Hydrology Protocols for the
instruments, equipment and kits
required for each protocol.

One bucket of tap water

Copies of Hydrology Investigation Student
Activity Sheets

In addition you will need the following
materials for particular protocols:

Transparency: green food color, spoonful of
silt

pH: samples of vinegar water, distilled
water, milk, juice, soda pop, etc.

' Teniperature: ice

Conductivity: distilled water, salt

Salinity: distilled water, salt, ice

Nitrate: lawn fertilizer

Preparation
Ask students to bring in water samples from
the home and/or yard.

Set up measurement stations for each of the
protocols your students will be performing. For
each station you will need:

Equipment and instruments to perform the
measurement
One copy of the protocol to be posted at
the station
Copies of the Hydrology Investigation
Student Activity Sheet.
Draw a bucket of tap water at the beginning of
the day and allow it to sit until class. Record
the time on a piece of tape attached to the
bucket.

Fill a Dissolved Oxygen sample bottle at the
same time and preserve the sample as directed
in the protocol. Record the time on the sample
bottle label.

Prerequisites

None
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Background

A quality assurance and quality control (QA/QC)
plan is necessary to ensure test results are as
accurate and precise as possible. Accuracy refers
to how close a measurement is to true value.
Precision means the ability to obtain consistent
results. Desired accuracy, precision and reliability
are ensured by:
careful calibration, use, and maintenance of
testing equipment
following the specific directions of a
protocol exactly as described
repeating measurements to ensure that they
are within acceptable limits
minimizing contamination of samples, stock
chemicals and testing equipment
keeping track of samples. o ,
Together these steps help make the data you
collect valid, valuable and meaningful.

Calibration

Calibration is a procedure used to check the
accuracy of testing equipment. To assure that the
equipment is functioning properly, a solution of
known value is tested. Calibration procedures vary
among the measurements and are detailed in each
protocol.

Safety

Consult Material Science Data (MSDS)
sheets that come with the kits and
buffers. Also consult your local school
district’s safety procedure guidelines.

What To Do and How To Do It

1. Divide the students into small groups,
optimally three per group. Checking each
others work, students should take turns
reading directions, making measurements,
and recording the data.

2. Students rotate through each station
learning the instruments and protocols.

3. Reconvene the class. For each
measurement:

3.1. Plot all the data points as a way of
helping students visualize the concept
of precision. When measurements are

precise, points are close together.
Discuss the range of measurements
found and variations among the
measurements.

3.2.Brainstorm with students the issue of
why there are discrepancies. This is the
time to bring up calibration against
standards, reliability, accuracy, and
adherence to protocols. Connect
explanations with reasons for specific
steps in the protocols. Stress the
importance of making accurate
measurements so they can compare
different samples.

4. Compare the results they obtained on
samples from various places. Help them
make sense of their results by placing data
on a map of the water sources and . |
considering the history of each sample in
terms of well water, city water, pool, pond,
puddle or brook. This is also a good time
to stress the importance of accurate
measurements when you make
comparisons. Is the difference real or
measurement error? This is also the time
to discuss why we didn' test these
samples for DO and temperature and how
we might test for them.

Adaptations

Beginning students

Focus on one measurement at a time, following
the outline given above.

Advanced students

Have students create their own data plots and
interpret them.

Further Investigations

Repeat the above explorations but vary one
parameter-such as temperature by cooling one
third of each water sample, and heating one third
of the water samples, with the remaining one third
at room temperature. Then compare the effect of
water temperature on the other measurements.
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Student Activity Sheet

Transparency Station
Background

Transparency is the measurement of water clarity.
How clear the water is at your site will depend on
the amount of soil particles suspended in the water
and on the amount of algae or other growth at
your site. Transparency may change seasonally
with changes in growth rates, in response to
precipitation runoff, or for other reasons. The
clarity of your water determines how much light
can penetrate. Since plants require light,
transparency becomes an important measurement
in determining productivity of your water site.

In the field you would measure transparency in
one of two ways; with a Secchi diskin deep, still
walters or with a turbidity tube if your site has
shallow or running water. For the lab practice
station, we will use the turbidity tube.

What To Do and How to Do It

1. Ask each student to fill the turbidity tube
with tap water until the image disappears.

2. Compare data from several students. Ask
students to formulate hypotheses on
variations in their data.

3. Try the tube again testing variables such
as: amount of light in the room, tube in
sunlight and shadow, with and without
sunglasses, turning the tube to try and
detect the image at the bottom, letting the
water stand in the tube for 15-20 seconds.

4. Once students have established the depth
using tap water, pour the water into a
bucket and mix a few grams of silt into the
water.

5. Ask students to fill the turbidity tube with
the silty water until the image disappears.
Record the depth of the water in the tube
in cm. Compare the readings from several
students.

6. Put a few drops of green food coloring in
tap water.

7. Have each student fill the turbidity tube
with colored water until the image

Record the depth of the water in the tube disappears.
in cm.
Student Sample Tested cm
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Student Activity Sheet

Temperature Station Compare your readings. Are they within
Background 0.5° C of each other? Why? Why not? If
Water temperature is the temperature of a body not, repeat this exercise with anpther
of water such as a stream, river, pond, lake, well, wate'r Sample 'unul Zou are obtaining
or drainage ditch as it appears in nature. Water rea.ldmgs within 0.5° C of each other.
bodies can vary greatly in temperature, according 2 Wuh each member of the team using a
to latitude, altitude, time of day, season, depth of different thermometer and following the
water, and many other variables. Water steps of the water temperature protocol,
temperature is important because it plays a key measure the temperature of a single water
role in chemical, biological and physical sample and compare your readings. Do
interactions within a body of water. For example, you get readings within 0.5° C of each
high temperatures may be an indicator of other? Why? Why not? If“‘?" your
increased plant production. The temperature of thermometers may need calibration.
the water determines what aquatic plants and 3. Following the steps in the water
animals may be present since all species have their temperature protocol, measure the
natural limits of tolerance to upper and lower temperatures of water from the hot and
temperatures. Water temperature can therefore cold water taps, ice water, and the water
help us to understand what may be happening that has been standing in the bucket.
within the water body without directly measuring List the things you checked and record
hundreds of different things within the body of the temperatures you obtained for them.
water. 4. Discuss the range of measurements
possible with each of the thermometers.
What To Do and How To Do It Can you take temperatures below the
1. Following the steps in the Water freezing mark? Why? Why not?

Temperature Protocol, each member of the Can you take the temperature of boiling

group should take a turn measuring the water with the thermometer provided?

temperature of the same sample with the Why? Why not?

same thermometer. Make sure everyone in

the group can read the thermometer.

Student Sample Tested Temperature

GLOBE™ 1997 Leamning Activities-18 Hydrology



Hytirology Investigation

Student Activity Sheet

Dissolved Oxygen Station
Background

All living things depend on oxygen to survive. In
a water environment molecules of oxygen gas
dissolve in the water. This is called dissolved
oxygen (DO). In air, 20 out of every 100 molecules
are oxygen. In water, only 1-5 molecules out of
every million molecules are oxygen. This is why
dissolved oxygen is measured in parts per million
(ppm). Different species of aquatic organisms
require different amounts of oxygen, but generally
aquatic organisms require at least 6 ppm for
normal growth and development.

Water temperature and altitude influence how
much oxygen water can hold; i.e., the
“equilibrium” value. In general, warmer water
cannot hold as much oxygen as colder water.
Similarly, at higher altitudes water cannot hold as
much oxygen as waters at lower altitudes. Look
for these patterns in the Temperature and Altitude
Tables in the DO protocol. This is why we use a
distilled water standard in the protocol and correct
for temperature and altitude.

The actual amount of DO in a water may be higher
or lower than the equilibrium value. Bacteria in
the water consume oxygen as they digest decaying
plant or animal materials. This can lower the DO
levels of the water. In contrast, algae in lakes

produce oxygen during photosynthesis which
can sometimes result in higher DO levels in
summer.

What To Do and How To Do It

1. Following the steps in the Dissolved
Oxygen Protocol, each member of the
group takes a turn measuring the DO
of the same sample. Compare your
readings. Are they within 0.2 mg/L of
each other? Why? Why not? If not,
repeat this exercise with another water
sample until you obtain readings
within 0.2 mg/L of each other. =

2. lf your water faucets have aerators.on
them, test a water sample freshly
drawn from the faucet, one that was
drawn at the beginning of the day and
allowed to sit undisturbed in a bucket,
and the preserved sample drawn at the
same time. Record the time at which
you tested the water in the bucket.
How long has it been since the water
was drawn? Compare the readings. Are
they different? Why? Why not? What
might account for the differences?

Student

Sample tested

Time DO

GLOBE™ 1997
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Hytrology vestigation

Student Activity Sheet

PpH Station
Background

pH is an indicator of the acid content of water.
The pH scale ranges from 1 (acid) to 14 (alkaline
or basic) with 7 as neutral. The scale is logarithmic
so a change of one pH unit means a tenfold change
in acid or alkaline concentration. For instance, a
change from 7 to 6 represents a solution 10 times
more acidic; a change from 7 to 5 is 100 times
more acidic, and so on. The lower the pH the more
acidic the water. The pH of a water body has a
strong influence on what can live in it. Immature
forms of salamanders, frogs, and other aquatic life
are particularly sensitive to low pH.

What To Do and How To Do It

1. Following the steps for pH paper in the
pH Protocol, each member of the group
takes a turn measuring the pH of the same
sample. Compare your readings. Are they
within 1.0 pH units of each other? Why?
Why not? If not, repeat this exercise with
another water sample until you are
obtaining readings within 1.0 pH units of
each other.

2. Without calibrating the pH pen, but
following the steps for the pen given in the
pH Protocol, take turns measuring the pH
of a different water sample. Record these
numbers.

3. Calibrate the pH pen and repeat the
measurements again following the
protocol carefully to avoid contaminating
samples. Alternatively, students could use
one calibrated pen and one that has not
been calibrated if there is enough
equipment. Record your readings.

4. Compare the data obtained using different
methods. Discuss possible reasons for the
differences.

5. Take the pH of familiar liquids such as
distilled water, vinegar, tap water, milk,
juice, soda pop, etc. using pH paper,
uncalibrated pH pens, and calibrated pH

" pens.

6. List the samples you checked and record
the pH obtained by the different methods.
Which methods gave the most accurate
results? The most reliable?

7. Create a pH scale and plot the average
values obtained for each sample.

Sample tested pH paper

uncalibrated pH pen

calibrated pH pen
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Hytirology nvestioati

Student Activity Sheet

Electrical Conductivity Station
Background

Electrical conductivity is a measure of the ability
of a water sample to carry an electrical current.
Pure water is a poor conductor of electricity. It is
the impurities in water, such as dissolved salts,
that enable water to conduct electricity. Therefore,
conductivity is often used to estimate the amount
of dissolved solids in the water since it is much
easier than evaporating all the water molecules
from a sample and weighing the solids that remain.

Conductance is measured in a unit called the
microSiemen/cm. Sensitive plants can be damaged
if they are watered with water that has electrical
conductivity levels above about 2200-2600
microSiemens. For household use, we prefer water
with conductivity below 1100 microSiemens.
Manufacturing, especially of electronics, requires
pure water.

What To Do and How To Do it

1. Following the steps in the Electrical
Conductivity Protocol, each member of the
group takes a turn measuring the
conductivity of the same tap water sample.
Compare your readings. Are they within 40
uSiemens/cm of each other? Why? Why not?
1f not, repeat this exercise with another water
sample until you are obtaining readings
within 40 pSiemens/cm of each other.

. Without calibrating the electrical

conductivity pen, but following the steps of
the protocol, take turns measuring the
conductivity of distilled water, tap water, and
distilled water to which you have added a
pinch of salt. Record those numbers.

. Calibrate the pen and repeat the

measurements following the protocol
carefully to avoid contaminating samples.
Record your readings below.

. Compare the data obtained using the

uncalibrated pen and the calibrated pen. Is
there a difference? Discuss possible reasons
for the differences. Is one pen always higher
or lower than the other? By the same
amount?

. Measure the conductivity of familiar liquids

such as vinegar, drinking water, milk, juice,
soda pop, etc.

List the samples you checked and record the
results.

. What is the range of conductivity readings?

Create a conductivity scale and plot the value
obtained for each sample.

Sample uncalibrated

tested conductivity pen

calibrated
conductivity pen

distilled water

tap water

salty water
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Student Activity Sheet

Salinity Station - for Salt or BracKish
Water

Background

Salinity is the measurement of dissolved salts in
salty or brackish water. It is measured in parts
per thousand (ppt). Salinity may vary with
precipitation, snow melt, or proximity to a
freshwater source such as a river mouth.

The hydrometer is an instrument which measures
the specific gravity or density of a fluid. Its design
is based on the principle, recognized by the Greek
mathematician Archimedes, that states that the
weight loss of a body in a liquid equals the weight
of the liquid displaced. The denser your liquid,
therefore, the less the weighted bulb must sink to
displace its own weight.

Why do you need to take a temperature reading
with your hydrometer reading? Water becomes
more dense as it approaches freezing - then less
dense as it becomes ice. Since we want to measure
the effect of dissolved salts on density, we must
control the temperature variable.

What To Do and How To Do It

1. Fill a 500 mL cylinder with fresh water to
the 500 mL line.

2. Genlly place the hydrometer into the
cylinder (do not drop).

Work Sheet for Salinity Station

3. Read the scale on the hydrometer at the
bottom of the meniscus. Record.

4. Remove the hydrometer and add 7.5
grams of salt to the cylinder. Stir.

5. Use a thermometer to measure the
temperature in the cylinder 10 cm below
the surface. Record.

6. Use the hydrometer to measure the
density of the fluid in the cylinder. Record.

7. Look up the salinity of your fluid from the
table using the temperature and
hydrometer readings. Record.

8. Add 10 grams of salt to your mixture.

9. Measure the temperature and salinity of

~ the fluid. Record. .

10. Add a few pieces of ice to the cylinder.

11. Measure the temperature and salinity of

the fluid. Record.

Examine the data which you have recorded. The
salinity of fresh water should be 0. As you add
salt to the water, the salinity should increase.
Changing the temperature will affect the density
of the water, but should not affect the salinity after
the conversion is done.

Discuss any variations between students. Repeat
the measurements if variations exceed 2 ppt.

Sample Temperature Hydrometer Salinity Student/s
Fresh water
7.5 grams salt
17.5 grams salt
GLOBE™ 1997 Learning Activities - 22 Hydrology
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Student Activity Sheet

Alkalinity Station
Background

Alkalinity is a measure of the ability of a body of
water to resist changes in pH when acids are
added. Acid additions generally come from rain
or snow, although soil sources may also be
important in some areas. Alkalinity is generated
when water dissolves rocks such as calcite and
limestone. The alkalinity of natural waters
protects fish and other aquatic organisms from
sudden changes in pH.

What To Do and How To Do It

1. Following the steps in the Alkalinity
Protocol, each member of the group takes
a turn measuring the alkalinity of the

same sample of tap water. Compare your
results. Are they within one drop or
titrator unit of each other? Why? Why
not? If not, repeat this exercise with
another tap water sample until you are
obtaining results within one drop or
titrator unit.

2. Test the water samples you have brought

to class from other sources.

List the source of the water sample and
the results obtained. Compare the
alkalinity of these samples. What is the
range of results? Why are there variations? ’

Student Sample tested

Reading
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Student Activity Sheet

Nitrate Station
Background

Nitrogen is one of the three major nutrients
needed by plants. Most plants cannot use nitrogen
in its molecular form (N,). In aquatic ecosystems
blue-green algae are able to convert N, into
ammonia (NH,) and nitrate (NO,") which can
then be used by plants. Animals eat these plants
to obtain nitrogen that they need to form proteins.
When the plants and animals die, protein
molecules are broken down by bacteria into
ammonia. Other bacteria then oxidize the
ammonia into nitrites (NO,") and nitrates (NO,").
Under suboxic conditions nitrates can then be
transformed by other bacteria into ammonia (NH3),
beginning the nitrogen cycle again. ’

Typically nitrogen levels in natural waters are low
(below 1 ppm nitrate nitrogen). Nitrogen released
by decomposing animal excretions, dead plants,
and animals is rapidly consumed by plants. In
water bodies with high nitrogen levels
eutrophication can occur. Nitrogen levels can
become elevated from natural or human-related
activities. Ducks and geese contribute heavily to
nitrogen in the water where they are found. Man-
made sources of nitrogen include sewage dumped
into rivers, fertilizer washed into streams or
leached into groundwater, and runoff from
feedlots and barnyards.

Nitrate levels are measured in milligrams per liter
nitrate nitrogen.

What To Do and How To Do It

1. Following the steps in the Nitrate Protocol,
measure the nitrate level of the water
sample. Compare the readings of several
students. Are they within 0.2 mg/L of each
other? If not, discuss possible reasons for
error. Repeat the readings until you obtain
readings within 0.2 mg/L.

2. Repeat the protocol with the same water,
but shake the sample for half of the time
given in the protocol. R

3. Repeat the protocol with the same water,
but leave the sample to set for five
minutes beyond the time given in the
protocol.

4. Measure the nitrate level in a number of
different water samples: runoff from a golf
course, other pond water, a stock tank,
river, etc. List the sources of water and
record your results.

5. Add a few grains of fertilizer to your
sample. Test again. What is the difference?

6. Discuss possible sources of nitrogen in
your water samples.

Sample Tested Reading

Student
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Water , Water Ever ywhere!
How Does It Gompare?

Purpose

To see how water characteristics can vary with
location and to encourage students to see how
other sites compare to theirs. To illustrate to
students how scientists are beginning to explore
their data and to encourage students to begin
their own data analyses.

Overview

Students will be asked to examine initial student
data which scientists have identified from the
'GLOBE data set. After reading the scientist’s
comments about the data, students will then be
asked to find additional data from GLOBE
schools to explore and analyze.

Time

One class period for the initial activity and
ongoing for follow-up

Level

Intermediate and Advanced

Key Concepts
Water characteristics vary (within some
limits).
Data are used to pose questions.
Data are used to answer questions.

Skills
Graphing data
Making comparisons over space and time
Analyzing data for trends and differences
Forming hypotheses
Testing hypotheses
Using the GLOBE database

Materials and Tools

- Pencil and graph paper, or computer
tools
Computer and the GLOBE Student
Server
GLOBE Science Notebooks

Preparation
Collect GLOBE data.

Prerequisites

None

Background

Although it sometimes takes many years to
develop a data set to explore or answer questions
about a site, GLOBE scientists have already begun
to examine the growing set of GLOBE Hydrology
data to get early indications of interesting trends
and to monitor data quality. To help students
begin to examine their own data and data from
other schools, the GLOBE hydrologists want to
share their preliminary investigations with you.
Below you will find the early results from the
analysis of pH and temperature data, as well as
some interesting questions posed by examining
other hydrology data. Since these investigations
are ongoing, there will be updates as new data
come in. These will be posted on the GLOBE
Student Data Server at the Scientist’s Corner. You

can also find additional information on regional
analyses on the WEB pages.

As more and more data become available in the
archive, scientists will be continuing their efforts
to look for interesting trends and to ask more
questions. Students can assist in this effort by
monitoring and analyzing the data over time from
their own sites as well as from other sites around
the globe and sharing their ideas and research with
others in the GLOBE network.

What To Do and How To Do It

Section 1 of this activity contains a series of graphs
that have been generated from GLOBE data on
pH and temperature. These were chosen to

illustrate particular questions commonly posed by

GLOBE™ 1997 Learning Activities - 25 Hydrology
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students or data quality problems commonly
observed by scientists. Each set of graphs can be
used as a starting point for further investigations
or discussion of data analysis.

Begin by showing students the graph of ‘typical
pH data and temperature readings. Discuss
expected trends in data sets and encourage
questions or comments on the data.

Then, with each of the following sets of graphs
have students examine the data and pose
hypotheses or ask questions about what they are
observing. Record their observations. Once your
students have examined the graphs and recorded
their observations and hypotheses, compare their
conclusions with what the scientists think may
be happening. These recordings should be done
in the students’ GLOBE Science Notebooks.
Students may then move on to the Further
Investigations to analyze their own data or data
from other sites.

In Section 2, GLOBE scientists have begun the
initial examination of the newer GLOBE protocols:
dissolved oxygen, alkalinity, and conductivity.
Students can examine our graphs, then try to
identify trends and problems with the new data
measurements.

Figure HYD-L-1: GLOBE Schooi in California, USA

The graphs below can also be found on the WEB
in the Scientist’s Corner. Teachers may use these in
print form, make overheads, or have students work
at computer stations. In addition, more graphs and
information on further research by GLOBE
scientists are available on the WEB and can be
downloaded for printing or used on the computer.
Note: Copies of the graphs included in the activity
are available in larger format in the Appendix. These
can be used to make overheads for instruction or
for duplication and distribution to students for
analysis or assessment.

What is an example of a typical GLOBE
data set?

Typical characteristics

e pH data go up and down, but within a
reasonable range. ‘

e Temperature jumps around a little, but
follows a seasonal trend.

Arethere unusual things even in this data set?

Sure there are! Take a second look and think about
the graphs in Figure HYD-L-1. Do you see anything
surprising? Look at the jump up in pH from
November to December! It could be a result of
testing methods, but it might also be real! If
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equipment has been calibrated and multiple
testing has shown the same result, these students
should be trying to identify other factors which
might cause an increase.

Section 1 - pH and
Temperature Data

Part 1 - Identifying Outliers

1. Show students the graphs in Figures
HYD-L-2 and HYD-L-3. After they have
had an opportunity to examine the graphs
and record their observations, ask them to
identify any unusual data points.

2. Discuss the importance of data quality.
‘Ask students what they should do if some
data points are far beyond the range of the
rest of the set (are they outliers)?

3. Discuss their observations and
recommendations.

Notefr omthesdentists

We have plotted all of the data as time series
graphs. Before we can discern trends and compare
data from different sites, we go through the data

Figure HYD-L-2: GLOBE School in California, USA

carefully looking for outliers. For example, notice
in Figure HYD-L-2 that one temperature reading
lies outside the range of the others. This is
probably an error, and we will remove this point
from our analysis before continuing.

In addition, pH readings that deviate significantly
from the average are suspect. For Figure HYD-L-
3, note the single pH 4 reading, with the rest of
the pH’s being in the 6-9.5 range.

Some additional items of interest can be seen
looking at these graphs. Figure HYD-L-3 shows
what appears to be a pH trend gradually climbing
over the course of the record. The pH’s seem to
be more scattered than would be expected. Why
do you suppose this is the case? In Figure HYD-
L-2, we see a more typical variation in pH values,

with a gradually increasing trend. This might be

a problem associated with a buffer solution that
was losing its accuracy, or it might actually
represent a real pattern in nature!

Fur ther Analysis

Encourage students to look at their own data.
Time series graphs may be generated by importing
GLOBE data into a spreadsheet, or by using the
new GLOBE graphing tools to graph student data.

Figure HYD-L-3: GLOBE Schooli In California, USA
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The graphing tools can be accessed at the GLOBE
visualization location on the GLOBE Student
Server. Instructions for accessing the graphing
capabilities are available in the Toolkit. Have
students try to locate outliers in their own data to
minimize the possibility that calibration error or
measurement inconsistencies may be influencing
data.

You may also use GLOBE visualizations to try to
identify daily observations that may be unusual.
See Figure HYD-1-6. Students should generate
point and contour maps of the weekly
observations to try to identify unusual patterns;
for example, a light blue point (very low
temperature) within an area of orange and red

points (warm temperatures). If students find

questionable data, they may then locate the data
set for that site and try to identify reasons for the
anomaly or contact the site using GLOBEMail to
ask questions about the data.

Part 2 - Investigating the Range of pH
Values

My pH values ar e jumping around
unpredictably.

Flgure HYD-L-4: GLOBE School In Florida, USA
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Flgure HYD-L-5: GLOBE School In Washington, USA
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Isthis right? Should my pHs be this jumpy?

1. Show students the 2 sets of graphs in
Figures HYD-L-4 and HYD-L-5. After.they
have had an opportunity to examine the
graphs and record their observations, ask
them to identify any unusual trends.

2. Discuss the range of pH that the students
have been finding at their own site. How
much variation in pH readings have they
found?

3. Have students use the GLOBE graphing
tools to graph their own pH data and that
of a few other schools. What is the range
of their data?

4. Discuss their observations and
recommendations.

Note from the scientists

These graphs in Figures HYD-L-4 and HYD-L-5
are good examples of curious pH readings in data
sets. Here the pH values seem to be bouncing back
and forth over a range of almost 3 pH units. What
do you think might be going on in this case? Keep
in mind that pH’s are usually fairly steady
measurements unless there is a major disturbance
to a stream or lake such as periodic waste
discharge, a very large rainfall, a large algae bloom,
or a change in flow rate due to upstream
snowmelt. A good example of a periodic change
in water flow might also be the discharge from a
reservoir upstream. This would significantly affect
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Figur e HYD-L-6: T emperature from GLOBE Student Data Ser ver
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pH values measured downstream. This set of
temperature data shows nice, predictable seasonal
trends. Are there major disturbances going on, or
do these data merely reflect part of the learning
process?

Iwonder why we'r efinding such low pH
values?

Figure HYD-L-7: GLOBE School In New Jersey, USA
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1. Show students the set of graphs in Figure
HYD-L-7. After they have had an
opportunity to examine the graphs and
record their observations, ask them to
identify any unusual trends. Would they
expect pH readings to be this low? Have
them explain why or why not. They
should justify their explanation using the
data and background information about
pH.

2. Ask students to form a hypothesis on why
the pH results are so low for this site.

3. Ask them how they could test their
hypotheses.

4. ldentify other sites from the GLOBE
Student Server in the same area. Retrieve
the data for these sites and compare them
to this site.

Note from the scientists

This graph in Figure HYD-L-7 is an excellent
example of a hydrology site exhibiting low pH
readings. The question is how likely is it that the
pH of the water is really this low? This graph
shows a pH data range of about 3 to about 4.5.
Natural waters tend to be in the pH range of 6 to 8.
Possibilities

* This is real! If you think this is the case,
then the next step is to ask yourselves and
your classmates why the pH is so low.
What does this say about the path the
water has followed to reach this
Hydrology Study Site?

» This is a product of how you did your
tests. Unfortunately, although we all try
our best to make sure our data are
accurate, sometimes there is one step we
missed which is causing an error in our
data. Other times, the materials we have to
work with are not in good shape. In the
case of low pH values, it seems most likely
that the solutions that the school is using
for calibration are no longer good.
Certainly testing these standards is a good
place to start.

Testing your Standar d Solutions

To investigate the possibility that your Standard
Solutions are not good, you have a couple of
choices:

» Buy a new set of standard solutions and
compare them to your old ones.

* Calibrate your pH meter with your
solutions, then use it to test the pH of a
freshly opened soft drink. These products,
due to their production standards, are
consistently the same pH and can be used
as a comparison to see if your pH meters
are measuring correctly.

Below is a set of pH%s for several soft drinks at
room temperature:

Coca-Cola ........................ 2.5
RC-cola ..oooooiiie, 2.5
Mr. Pibb oo 2.8
Pepsi-Cola .........c............2.5
SPrite .oooeiiiiiiiii 32
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Fur ther Investigations

Have students test their own instruments using
the information above.

Part 3 - Identifying pH and
Temperature Patterns

This is neat! My pH values and temperatur es
are going up and down smoothly!

Flgure HYD-L-8: GLOBE School In Japan
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1. Show students the set of graphs in Figure
HYD-L-8. After they have had an
opportunity to examine the graphs and
record their observations, ask them to
identify any unusual trends.

2. Ask students to form a hypothesis on why
the temperature graph would show the
pattern it does. Does pH normally follow
temperature this closely?

3. Graph your own data and data from other
sites, especially Japan, using the GLOBE
graphing tools, to compare the data with
these graphs.

Notefromthescientists

Sometimes everything you're doing seems to be
right, and you notice what seems to be a really
neat trend to your data! As a contributor to the
scientific body of knowledge, it is important to
look at your data and keep checking to see if you
are being accurate. In Figure HYD-L-8 showing

data from a GLOBE school in Japan, we see what
looks like a consistent and smooth trend in pH.
It seems to follow the temperature to a remarkable
degree, and even seems to be within a more or
less acceptable range.

The data look good! Why the concer n?

The data look good because there do not appear
to be any major jumps in the measurements, the
data are consistently being entered, and the
temperature measurements show a smooth and
predictable trend. However look at the next couple
of observations...

+ It is quite unusual for natural processes to
change pH by more than 1 or 1.5 units.
Also pH values above pH 9.0 are not that
common in lakes and streams.

It would be interesting to see if other
schools in the same area show the same
trends.

+ Although temperature and pH are related
to some degree, we would not expect such
strong correlation as a result. The pH .
meters should also be designed to
automatically correct for temperature. Was
that true in this case?

GLOBE™ 1997
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Part 4 - How will pH Paper and pH
Meters Differ?

What was used to take these pH
measurements: a pH meter or pH paper?

1. Explain that students in different schools
may be using pH paper, pH pens and pH
meters to collect pH data.

2. Show students the sets of graphs in
Figures HYD-L-9 and HYD-L-10. After
they have had an opportunity to examine

Figure HYD-L-9: GLOBE School In the Mldwest of the United States
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Figure HYD-L-10: GLOBE School In California, USA

the graphs and record their observations,
ask them to form a hypothesis on what
instrumentation was used to take the pH
measurements.

3. Ask students how they can justify or
support their hypotheses regarding the
instrumentation used in collecting the pH
data.

Note fr om thescientists

In the Figure HYD-L-9 we can see that this school
is probably making pH measurements using pH
paper. This explains the high number of jumps of
1 unit in pH with time. It is entirely possible that
the actual pH of the water source being measured
by this school in the Midwestern United States is
somewhere between pH 7 and pH 8. We would

expect slight changes in water pH to push the -

readings back and forth between two values if they
are being made with pH paper. '

In Figure HYD-L-10, we see an example of a
GLOBE school that is using a pH meter to conduct
their measurements. The temperature data show
a reasonably smooth temperature progression.

Fur ther Investigations

1. Have students recreate the bottom pH
graph as if they were using pH paper by
taking each point to the nearest whole
number and redrawing the graph.

2. Can trends be identified as easily on the

old graph as on the new one?
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C“{\\ Section 2= Analysis of » What is the data trend? Would you
expect it to change seasonally?
New GLOBE Data » Do the data seem to be within a normal

Alkalinity was added as a Hydrology protocol in range?

September of 1996. These are a few findings from * Are there any unusual data points?
3. Have students predict further trends in the

K - analysis of some of the earliest schools reporting
\\ [hese da(a. data sets.
DR N\\S .

1. Have students examine the data from the 4. Record the observations, questions, and
X _ graphs. How do the data differ? predictions.
: 2. Have students pose questions generated 5. Have students devise ways to answer their
from their observations. For example: questions.

Figure HYD-L-11: GLOBE Alkaiinity Data, September-December 1996
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Notefr om thesdientists

Crescent City, CA, USA is reporting relatively
low alkalinity values that exhibit quite a bit of
variation with time. These changes could be
associated with rainfall, which lowers alkalinity.
It will be interesting to put these together with
other GLOBE hydrology and atmosphere data for
the site in order to gain a more complete picture.

Stuttgart, Germany has a very nice time series
that captures even day-to-day changes in
alkalinity. They see a slight increase in early
November, but otherwise relatively steady values.
These relatively high values are from a well-
buffered surface water. Again, day-to-day changes
could be associated with rainfall.

Flizabethton, TN, USA. Values are iritermediate,
between those for Crescent Elk School and
Chemisches Institut, and are quite consistent with
each other. We will be eager to see if alkalinity
changes through the winter and into spring.

Simsbury, CT, USA is also reporting relatively
low alkalinity values that exhibit some variation
with time. In fact, it is surprising that the changes
with time are so small, given the range reported.
It will be interesting to see if values drop lower
during rainfall or snowmelt.

Okemos, MI, USA is reporting alkalinity values
that show an interesting drop from nearly 300
mg/L down to about 70 mg/L. We will need to
put this together with the other GLOBE hydrology,
soil and atmosphere data for the site in order to
gain a more-complete picture of what happened.

Marion, MA, USA. Their values are very low and
show a steady decline with time. We recommend
that they double check their calculations, which
if correct show a quite interesting pattern. Are we
seeing the effects of tides at this coastal site?

Electrical Conductivity was added as a
Hydrology protocol in September of 1996. These
are a few findings from analysis of some of the
earliest schools reporting these data.

1. Have students examine the data from the
graphs. How do the data differ?
» What is the range of the data within
one site?

» What is the range of data encompassing
all sites?
» What are the data trends? Up? Down?
Constant?
2. Have students pose questions generated
from their observations.
3. Have students predict further trends in the
data sets.
4. Record the observations, questions, and
predictions.
5. Have students devise ways to answer their
questions by generating hypotheses and
justify or support their hypotheses.

Notefr om thescientists

Belton, TX, USA reports two entries of
conductivity measurements from their water site.
Both are at very normal levels for a stréam system

(700 puS/cm, and 745 puS/cm) It will be interesting

to see what data show up in the future!

Marion, MA, USA has discovered that their water
site consists of relatively pure water with a fairly
low conductivity range of 60 uS/cm - 22 puS/cm
thus far. Compare these results to what Okemos
High School reports and you’'ll see what a range
of impurity levels natural water systems can have!

Okemos, M1, USA measured conductivity with
a range of 790 pS/cm - 980 puS/cm! This means
that their water is fairly consistently full of
dissolved chemicals.

Merrimack, NH, USA has reported 2
conductivity entries, 590 and 630 puS/cm. Look
at the other graphs and see where this school falls
relatively. What would this indicate about the
water? Keep in mind that electrical conductivity
is an indicator of what ions are dissolved in the
water, and may thus describe the rocks through
which the water has flowed.

Flizabethton, TN, USA measures their electrical
conductivity in a water source with relatively
consistent and low values of conductivity (range:
300 pS/cm - 360 pS/cm) We encourage this school
to continue reporting data so we know more about
what the water is like in Tennessee and how it
changes over the course of the year!
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Figure HYD-L-12: GLOBE Electrical Conductlvity Data, September-December 1996
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Wetzlar, Germany shows the biggest range of
measurements of any of the schools we looked at.
(Range: 339 uS/cm - 993 uS/cm ) They are
regularly reporting data every two weeks or so
and have found an exciting trend at their site! Over
the course of about a month, their conductivity
measurements began to climb. What could have
caused this change in water chemistry?

Elsterberg, Germany shows that their hydrology
water system is fairly consistent in terms of the
levels of impurities measured. Their conductivity
measuremnents range from 322 pS/cm to 472 pSem.

Over the course of their measurements, we see
that there has been a slow decline in measured
conductivity. What might be causing this?

Crescent City, CA, USA has been reporting data
consistently over the 3 month period. Their
conductivity measurements appear fairly low. We
think we see a gently downsloping trend to the
data. Do you? Compare the alkalinity trends and
rainfall data to the electrical conductivity trends
in Crescent City, USA. Do you see any patterns?
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Stuttgart, Germany has developed a real
reputation among the hydrology team for
reporting many data points. Their conductivity
measurements are no exception, and show that
their water system changes not only over the
course of the three month period of time, but also
on a daily basis. Their data range all the way from
552 pS/cm to 920 pS/cm. We think we see
evidence for individual storm events in the data
here, and possibly a seasonal trend in the levels
of impurities. Do you agree? How do these trends
compare to rainfall and alkalinity patterns?

Dissolved Oxygen was added as a Hydrology
protocol in September of 1996. These are a few
findings from analysis of some of the earliest
schools reporting these data.

1. Have students examine the data from the
graphs in Figure HYD-L-13.
* How do the data differ?
* What is the range at different sites?
¢ What is the trend in the data?
¢ Do all of the data seem to be within
normal range? What other information
should you consider when judging
‘normal range’ for dissolved oxygen?
2. Have students pose questions generated
from their observations.
3. Have students predict further trends in
the data sets.
4. Record the observations, questions, and
predictions.
5. Have students devise ways to answer their
questions.

Note from thescientists

Belton, TX, USA reported two data points at a
level of 9 mg/L. This amount of dissolved oxygen
suggests a healthy water source in which fish and
plants can live. We encourage Belton to continue
making dissolved oxygen measurements, to see
how their levels change in the winter and spring.

Marion, MA, USA is measuring a water source
where the dissolved oxygen levels are around
10 - 11 mg/L. This range of oxygen levels is
supersaturated for a temperature range above
11° C at 0 m. elevation. At the same time that

Tabor recorded these DO measurements, they
recorded temperatures in a range of 6-8° C. What
could cause DO levels to get so high?

Simsbury, CT, USA Simsbury High School
reports that their water showed levels of dissolved
oxygen at 11 mg/L during October and a sharp
rise to a level of 14 mg/L in mid-November. The
dissolved oxygen measurements are very
consistent until the last entry. We would very
much like to know why the last entry is higher.
Temperatures measured by Simsbury HS ranged
from 1-9° C during this time. On a cautioning
note, the recorded temperature when Simsbury
HS measured 14 mg/L dissolved oxygen, was 3° C.
This DO measurement is supersaturated for this
temperature. This suggests that the calibration of
Simsbury’s dissolved oxygen kit may be off.

Okemos, MI, USA displays a surprising jump
from 4 to 12 mg/L in their DO measurements.
Once a careful calibration of equipment used for
taking measurements has been done, we propose
that if this trend is correct, it might reflect a
combination of a drop in water temperature and
a drop in the level of biological oxygen demand
during the winter.

Merrimack, NH, USA shows a drop in DO from
9 to 7 mg/L over a month period of time,
November - December. This drop may represent
something interesting in this watershed and we
think it is important for the school to think about
what may be causing this drop.

Elizabethton, TN, USA measures in their water
dissolved oxygen levels that range from 10 to
12 mg/L over a period of about a month. This may
be the result of a decrease in water temperature
or it may reflect something else. It will be
interesting to compare water temperature records
with these measurements.

Wetzlar, Germany reports two entries that
indicate that their water site possesses fairly high
levels of dissolved oxygen (13 mg/L). It is
interesting to note that 13 mg/L DO at the
temperature recorded, 3.8° C, is very near to
saturated. This water source is probably actively
mixed with the surrounding air.
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Figure HYD-L-13: GLOBE Dissoived Oxygen Data, September-December 1996
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Vinalhaven Island, ME, USA initially measured
DO levels as high as 10 mg/L but then note a
downward trend in their DO over the course of
the next month and a half, when they measured
it at 7 mg/L. What might cause this kind of drop
in oxygen levels? Perhaps certain types of algae
that produce oxygen during earlier times of the
year begin to die off about this time, and cease to
produce oxygen. Another possibility is that the
DO level is coming back down from some episode
that substantially increased the oxygen level.

Crescent City, CA, USA measures their data on
avery regular basis and the data show the changes
that take place in their site on a bi-weekly basis.
Their oxygen levels gradually go up and down
over a range of about 5to 10 mg/L. Itis interesting
to note what appears to be an overall decline in
dissolved oxygen levels during the 3 month time
span shown. This would lead an observer to
~ speculate that the DO’ levels are decreasing as
water temperatures decrease. But does this make
sense? Not really, since we would expect DO levels
to increase with a decrease in water temperature
since cold water can hold more dissolved oxygen
than warm water. What might account for this
trend? The DO trends follow the conductivity and
alkalinity trends. As scientists, we would like to
know information about what plant and rainfall
activity has occurred over this time period, and
about how water discharge levels have changed
over this period of time.

Stuttgart, Germany shows the most frequent and
consistent series of measurements of the GLOBE
schools. They show that dissolved oxygen levels
in their area fluctuate over a range of about 10 to
18 mg/L. While trying to figure out what might
have produced such high DO measurements, the
hydrology team realized that Stuttgart does not
always record temperature measurements with
their dissolved oxygen entries. Since DO is so
temperature dependent, we strongly recommend
that schools report water temperature if they
measure dissolved oxygen.

Continuing Your Data Analysis

Read the data reports from the Hydrology
Investigation on the GLOBE Student Server at the
Scientist’s Corner. These reports will be updated
periodically.

Further Investigations

1. Encourage students to retrieve the current
data sets for the schools above and graph
the data using the GLOBE graphing tools
or import the data into a spreadsheet to
graph. What questions were answered by
the longer term data set?

2. What questions require other data, such as
temperatures or precipitation, to answer.
Have students identify data which they
think might be relevant and compare it
with the Hydrology data. This might
include:
 Does examining soil characterization

data help to explain conductivity?

» What is the relationship between
temperature and dissolved oxygen? Are
other measurements correlated with
temperature?

* Do dissolved oxygen levels show
seasonal fluctuations? What other data
fluctuate seasonally?

» Examine changes in pH at schools with
differing levels of alkalinity Do pH
values fluctuate more at sites with high
or low levels of alkalinity?

*» Graph precipitation for your site. What
hydrology measures changed when you
had heavy precipitation? Use the
GLOBE contour or point maps to
identify other areas showing heavy
precipitation for a recent date. What
happens to the water chemistry
measurements at these sites after the
rain?

Were further questions generated by the longer
term of data collection? Record these questions
and encourage students to come up with
methodologies for further research.
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Suggestions: Use the GLOBE maps to identify
sites with similar latitudes for comparison. 1dentify
‘control sites’, or sites which are similar to the one
you are investigating except for the variable you
are interested in. For instance:

1. Use GLOBEMail to ask questions about
site information not reported to the
GLOBE data server and to share research
with other schools.

2. Use the graphing capabilities of the
GLOBE graphing tools to graph data from
2 schools for comparison

3. Use topographic maps to identify
watersheds. Zoom into the region you
identify in the GLOBE visualizations and
find GLOBE sites contained in that
watershed. Graph water chemistry data
from sites within the watershed to try to
identify changes along the course of the
waterway.

As more data are added to the GLOBE Student
Data Server, continue to identify schools which
are of interest to you. Find schools in locations
similar to your own. Are their hydrology data
similar to yours?

Ask students to critically examine their own data
using maps and graphs to look for patterns or
unusual data. Ask questions, identify ways to
explore their data for answers, and begin to
explore their own site.

Student Assessment

Students should be able to identify trends,
anomalies and problems with data sets. This
capability can be demonstrated in class
discussions and by providing them with examples
of graphs and asking them to explain the trends,
anomalies and issues which they come up with
by analyzing the data as a written exercise. They
should also be able to demonstrate an
understanding of the limitation of what can be
understood from a data set. They should be able
to use the GLOBE graphing tools to create graphs
and analyze data that they find and prepare.
Through this activity the students should also gain
an understanding of the GLOBE measurement
parameters such as pH, temperature and alkalinity.
The science content understanding can be assessed
in the context of the assessment of the student’s
understanding of the science of data sets.
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Macromver teinate

Purpose

water chemistry measurements.

Overview

measurements.

Time

One class period to do the practice exercise

index

Level
All

Key Concepts
Species diversity is related to water
chemistry
Species have different habitat
requirements
Random sampling can be used to
determine species diversity

Skills

Calculating a diversity index
Performing a random sample

Building tools

Identifying taxa

Discovering species habitat parameters
Taking water chemistry measurements

To determine the diversity of benthic (bottom
dwelling) macroinvertebrates at your
Hydrology Study Site and to investigate the
correlations between macroinvertebrates and

Students will establish a diversity index for
benthic macroinvertebrates by sorting and
counting organisms collected from the site, and
in the process become familiar with many taxa
of macroinvertebrates. They will then
investigate the relationship between the taxa
they found and their water chemistry

One class period to collect sample and one
class period to do the counts and calculate the

' Materials and Tools
For Practice Activity
Shallow, white tray or pan (such as a
styrofoam meat tray) - about 60 X
40 cm
Black marker
Ruler
Small candies, cake decoration confetti,
or other items of varying colors or
shapes to sample
Macroinvertebrate Work Sheet
Ice cube tray for sorting taxa
Small pieces of paper numbered from 1-
50 for drawing random numbers .
For Field Activity
Sorting and sampling kit (3 sets needed)
Shallow white pan for sorting, about
30x20cm
Shallow white tray for counting, about
60 x40 cm
Black permanent marker
Ice cube tray for sorting taxa
10-20 mL bulb basting syringe (end
should be approximately 5 mm
diameter)
Large plastic forceps
Magnifying glass
3 mL Pasteur pipette (eye dropper) (end
should be approximately 2 mm
diameter)
4-L sample container with lid (or 4 1-L
containers)
Set of numbered tiles or paper
Bucket for pouring water through net
Additional containers with lids if
macroinvertebrates are to be brought
back to the classroom
Macroinvertebrate Work Sheet
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Aruitoxt provided by Eic:

@

And either:

kick screen (for running water, rocky
bottom sites)

91 x 122 cm nylon screen(2 mm mesh size)

2 poles (122 cm long, 1-2 cm dia)

staples

2 pieces of denim or other heavy fabric (8 x
122 cm each)

needle and thread or heavy waterproof tape

or

D-net (for muddy bottom, still water)

2 pieces of nylon window screen (36 x 53
cm)

3 wire coat hangers

Heavy denim or fabric (8 x 91 cm)

Needle and thread or heavy waterproof tape

152 cm pole (e.g. broom or rake handle)
4 c¢m pipe clamp

Preparation

Make or buy appropriate net.

Copy Macroinvertebrate Work Sheets.
Collect materials for Sampling Kits.
Collect pictures or books illustrating local

macroinvertebrates.

Prerequisites

Students should begin collecting GLOBE
water chemistry data.

Background

Benthic macroinvertebrates are small, spineless
animals that can be seen without a microscope,
generally larger than one mm, which live in the
mud or gravel in the bottom of water bodies. These
include many larva of insects such as mosquitoes,
dragonflies and caddisflies which begin their lives
in the water then become land-dwelling insects
when they mature. Other examples of common
benthic macroinvertebrates include crustaceans
such as crayfish, snails, and worms and leeches.
These creatures populate the mud or gravel at the
bottom of ponds or streams in amazing numbers
- often thousands in a square meter. They are often
an important part of the food chain.

Macroinvertebrates can tell us a lot about the
conditions within a water body Many
macroinvertebrates are sensitive to changes in pH,
dissolved oxygen, temperature, salinity, and other
habitat parameters. A particular organism requires
a consistent water quality to live its full life span.

For the Macroinvertebrate Discovery activity we
want to establish a diversity index for your
hydrology site. Biological diversity is a measure
of the number of different kinds of organisms in
an ecosystem. It is not a measure of the total
number of organisms in the system. For example,

you might have an equal number of organisms in
a stream with low pH as in a stream with a more
neutral pH. But because some types (taxa) of
macroinvertebrates would not survive in the low
pH stream, the diversity, or total number of
different taxa, would be less. You might simply
have a larger number of the organisms within each
of the taxa which were tolerant of low pH.

What to Do and How to Do It

There are a number of good resources for
identifying and researching macroinvertebrates.
You will find some of these listed at the end of
this activity.

1. Have students investigate the conditions
under which different macroinvertebrates
live. They may use their own observations,
outside references, or the tables at the end
of this investigation.

2. Have students form hypotheses on what
macroinvertebrates they may find at their
water site during the current season. Have
them record their research, hypotheses
and justification in their GLOBE Science
Notebooks. They may want to sketch
some of the common macroinvertebrates
in their notebooks with notes on
identification for field reference.

GLOBE™ 1997

Learning Activities - 42

Hydrology

246



Calculating the Diversity of
Macroinvertebrates in the Field

Preparation

Gather materials for sampling and doing the
diversity index. 1f necessary, make a sampling net
using the instructions given at the end of this
activity. Note: There are two methods to collect
your macroinvertebrate sample, depending upon
your water site. If you have a rocky/gravel
substrate with a current then you should use a
Kick Screen. If you have a site with a muddy
bottom with virtually no current then you should
use a D-Frame net.

Students should do the Practicing the Diversity
Index Activity at the end of this activity before
they go into the field. This will give them practice
in going through the exercise and help them to
understand the concept of random sampling.

Collecting Y our Sample

Collect the water chemistry measurements for
your site. Note: Be sure the water is safe to enter
and follow appropriate safety procedures with the
students in the water.

Using a kick screen to collect sample:

1. Divide class into groups of 3-4 students
and give each group a pail, net, and
sampling kit.

2. Have each group identify a sample site.
Sites should be within a few meters of
each other, but represent different regions
of the stream; for example a weedy area
and a rocky area.

3. Beginning with the group farthest
downstream, have one or two people from
each group use either their feet and hands
or a stick to disturb the bottom material,
while 2 people hold the net 1-2 m
downstream from the disturbance. The
kicking or stirring should last for at least a
minute. Also overturn and scrape the
undersides of rocks. For safety reasons, if
the area of collection is deeper than one-
half meter, do not stand in the water.

4_ Lift the net from the water by moving the
bottom of the net forward along the
bottom of the stream in a scooping motion
so that nothing escapes from the net.
Using 100-200 mL of water from the site,
rinse material from the net into the sorting
pan.

5. Have two people from each group pick out
organisms using basting syringe or forceps
and put them into containers filled with
sample water.

6. Repeat steps 3-5 for each student group in
order to collect a representative sample.
Note: If sample area is shallow enough,
try to get samples from all the way across
the area.

Using a D-frame net to collect sample: _

1. Divide class into groups of 3-4 students
and give each group a pail, net, and
sampling kit.

2. Have each group identify a sample site.
Sites should be within a few meters of
each other, but represent different regions
of the stream; for example a weedy area
and a rocky area.

3. Have the first group put the net into the
water until it reaches the bottom substrate.
Use the net to disturb the substrate for
about 30 cm. Glide the net across the
bottom of the disturbed area for about 30
cm and then bring it back up to the
surface.

4. Pull the net out of the water so that
nothing falls out. Using 100-200 mL or
water from the site, rinse material from the
net into the sorting pan.

5. Have two people from each group pick out
organisms using basting syringe or forceps
and put them into containers filled with
sample water.

6. Repeat steps 3-5 for each student group in
order to collect a representative sample.
Note: If sample area is shallow enough,
try to get samples from all the way across
the area.
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Calculating the Diversity Index:

1.

Draw a grid on your counting tray of 4 cm
squares.

. Number the squares consecutively.
. Pour your sample onto the tray more or

less equally distributed across the grid in
about 1 mm of water.
Have one student draw a number.

. Have another student find that number on

the grid and remove one organism using
the Pasteur pipette or forceps. Place this
organism (organism 1) in a bowl with
water. Note: if there is nothing in the
square drawn, draw another number.

. Put an X on your Work Sheet to represent

organism 1. .

. Pick organism 2 from the same square, or

if there is nothing else in that square draw
another number and sample from the new
square.

17.

18.

19.

20.

Divide the number of runs by the number
of organisms counted (50) and record the
number on your Work Sheet.

Count the number of different taxa in your
sample and record.

Multiply the two numbers, and record.
This is the diversity index.

Have students try and identify as many
taxa as possible.

Work Sheet Example:
XX000X00X

1—2—34—-5

In this particular example, there are 5 runs

Further Investigations

1.

Students should identify as many
macroinvertebrates as possible from their
sample.

8. Place organism 2 next to organism 1 in the 2. Compare their hypotheses with the actual
bowl. taxa they identified.
9. If organism 2 is the same as organism 1, 3. Formulate hypotheses on what conditions
put an X on the Work Sheet. If organism 2 may cause certain taxa to exist
is different from organism 1, put an O on unexpectedly, or why some common taxa
the Work Sheet. may be missing.
10. Put organism 1 into one compartment of 4. Use the GLOBE data server to find schools
the ice cube tray or taxa bowls. with a hydrology study site similar to your
11. Pick organism 3 from the same square, or own. Begin by searching for schools
draw a new square if needed. within your watershed or at the same
12. Place organism 3 next to organism 2. latitude and elevation with similar pH,
13. If organism 3 is the same as organism 2, temperature, dissolved oxygen and salinity
put down the same mark on the Work levels.
Sheet as you used for organism 2 (X or O). 5. Use GLOBEMail to contact these schools
If organism 3 is different from organism 2, and ask about the macroinvertebrates they
put the opposite mark. are finding.
14. Place organism 2 into the ice cube tray. If
it is the same as organism 1, put it with
organism 1. If it is different, put it into a
new compartment.
15. Continue to draw random numbers and
take samples, recording each sample as X
or O, then sorting the taxa into
compartments until 50 samples are taken.
16. Count the number of ‘runs’ on your Work
Sheet (see example below) and record.
GLOBE™ 1997 Learning Activities - 44 Hydrotogy
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Habitat Parameters for Selected Macroinvertebrates

PH Range for Selected Macroinvertebrates*

TAXA 1 2 3 4 5 6 7 8 9 10 11 12 13 14
mayfly XXXX

stonefly XXXX

caddisfly XXXX

snails KXXXXXXXX

clams XXXXXXXXX

mussels KXXXXXXXX

* pH ranges 1-6 and 10-14 are unsuitable for most organisms

Temperature Range for Selected Macroinvertebrates

TAXA Cold Range < 12.8°C  Middle Range 12.8-20°C  Warm Range > 20° C
caddisfly X X X

stonefly X X

mayfly X X

water pennies X

water beetles X

water striders X

dragonfly X X

Minimum Dissolved Oxygen Levels for Selected Macroinvertebrates

TAXA

High Range 8 - 10 ppm  Medium Range 4 - 8 ppm Low Range 0 - 4 ppm

stonefly

water penny

caddisfly

some mayflies

| < el <

dragonfly

true bugs

damselfly

R <) < < <

mosquito

midge

tubiflex worm

pouch/lung snails

rat-tailed maggot

| < PRl ]| <

Annodsig aw.u.lauall ulwn;q
xipuaddy  /\semapoy Sunwea1/\
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10.

11.

12.
13.

14.

15.

C‘{\ & Practicing the Diversity Index Activity
NS

2.
3,

Draw a grid on your tray of 4 cm squares.
Number the squares consecutively.
Scatter your sample onto the tray more or
less equally distributed across the grid.

. Have one student draw a number.
. Have another student find that number on

the grid and remove one piece. Place this
piece (Sample 1) on the table. If there is
nothing in the square, draw another
number.

. Put an X on your Work Sheet to represent

Sample 1.

. Pick Sample 2 from the same square, or if

there is nothing else in that square draw
another number and sample from the new
square.

. Place Sample 2 next to Sample 1 on the

table. :

. 1f Sample 2 is the same as Sample 1, put

an X on the Work Sheet. If Sample 2 is
different from Sample 1, put an 0 on the
Work Sheet.

Put Sample 1 into one of the taxa bowls or
cube compartments.

Pick Sample 3 from the same square, or
draw a new square if needed.

Place Sample 3 next to Sample 2.

If Sample 3 is the same as Sample 2, put
down the same mark on the Work Sheet as
you used for Sample 2 (X or 0). If Sample
3 is different from Sample 2, put the
opposite mark.

Place Sample 2 into a taxa bowl. If it is the
same as Sample 1, put it with Sample 1. If
it is different, put it into a new taxa bowl.
Continue to draw random numbers and
take samples, recording each sample as X
or 0, then sorting the taxa into bowls until
50 samples are taken.

16.

Count the number of ‘runs’ on your Work
Sheet. (See example below.)

Divide the number of runs by 50 (your
sample number).

Multiply this number by the number of
different taxa. This is your diversity index.

17.

18.

Further Practice

Have students calculate a Diversity Index using
fewer number of taxa or a different distribution
of numbers within the taxa. Compare the results.

Work Sheet Example
Record— XX 000X00X

Sample#123456789
Run 1—2—-34—5

The example above shows that Sample 1 and 2
were alike. Sample 3 was different from 2. Samples
4 and 5 were like Sample 3. Sample 6 was different
from Sample 5, etc. There are 5 runs.
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Resources for Research on Freshwater
Benthic Macroinvertebrates:

Caduto, M.J. (1990).Pond and Brook: A Guide to
Nature Study in Freshwater Environments. 2™ ed.
Prentice-Hall, NJ.

Cromwell, Mare et al. (1992) Investigating Streams
and Rivers. GREEN, University of Michigan, Ann
Arbor.

Maitland, Peter S. (1990). Biology of Fresh Waters.
Blackie, Glasgow and London.

Merrit, R.E. and K.W Cummins (1988). An
Introduction to the Aquatic Insects of North America.
Kendall-Hunt Publishing Co., Dubuque, lowa.

Mitchell, Mark K. and Stapp, William B. (1996).

Field Manual for Water Quality Monitering, Ann - |- -

Arbor, Michigan 48104.

McCafferty, PW, (1981). Aquaticentomology: The
Fishermen’s and Ecologist’s Guide to Insects and Their
Relatives. Jones and Barlett Publishers, Inc.
California.

Needham, James G (1962). A Guide to the Study
of Fresh-Water Biology. Holden-Day, Inc. San
Francisco.

Pennok, Robert. (1973). Freshwater Invertebrates
of the United States. Ronald Press, NY.

River Watch Network, 153 State St., Montpelier,
Vermont 05602.

Save Qur Streams, The lzaak Walton League of
America, 1800 North Kent Street, Suite 806,
Arlington, Virginia 22209.

Video (17 min): Identification of the Benthic
Macroinvertebrates; Edward A Deschuytner,
Northern Essex Community College, Elliott Way,
Haverhill, MA 01830-2399.
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ERIC

Aruitoxt provided by Eic:

Instructions for Making
Macroinvertebrate Nets
Making the Kick Scr een

1. Fold one 8 x 122 cm strip of fabric over
one of the long screen edges and sew,
reinforcing the edge.

2. Repeat for the other long edge.

3. Attach screen to poles with staples, making
the poles even with the bottom of the
screen and extending to form handles at
the top.

4. Wrap screen around poles several times
and staple again to reinforce the edges.

Flgure HYD-L-14: Making the Kick Screen

Making the D Net

1. Cut a net shape from the two 36 x 53 cm
pieces of nylon screen (see diagrams) and
sew them together.

2. Edge the open end of the net with heavy
fabric, leaving an opening to form a casing
to insert the hanger.

3. Cut hooks from hangers and untwist the
wires.

4. Use duct tape to tape the hangers together
to make your frame heavier.

5. Insert a wire through the casing and twist
ends back together at opening.

6. Drill a hole in the tip of the wooden
handle large enough to insert the ends of
the hangers. Insert the ends of the hangers
into the hole in the pole. Secure the net to
the pole by using the hook you cut from
the hanger and using the pipe clamp or
duct tape to secure the hook to the pole.

Figure HYD-L-15: Making the D Net

wood handles

(12)

fabric edging
8 cm (folded) window

l screen

staples

90
cm

90 cm

Sew casing to
open end
coathangers
Cut off hook put
thru casing

2 pieces of screen
cut on black line
sewn together on
white line

hook from hanger

pipe clamp
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Hiroloay investicati

Macroinvertebrate Activity Work Sheet

Station name:

GPS coordinates: Latitude: Longitude:

Collector’s name(s):

Sample Collection: Sample #: Date: Time (UT):
Analyst’s name(s):
Analysis (calculation of diversity index): Date: Time (UT):
Collecting Method: D net Kick Screen
Calculation of # of runs:
Grid Number
XorO
Grid Number
Xor0
Total # of Runs
Total # of Runs / # Sampled (50) = (Run Index)
Total # of taxa:
(Run Index) x (Total # of Taxa) = (Diversity Index)
Check Type of Macroinvertebrates Found, if known
Caddisfly (Trichoptera) Stonefly (Plecoptera)
Mayfly (Ephemeroptera) True Bugs (Hemiptera)
Worms & Leaches Snails
Dragonfly/Damselfly (Odonata) Dobsonlfly, Fishfly, Alderfly (Megaloptera)
Beetles (Coleoptera) Blackfly, Midge, Crane fly, Mosquito (Diptera)
Mites (Arachnids) Crustaceans (e.g. Sowbug, Scud)

Notes: (water depth, recent rain, rocky, weedy, etc.)
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! Examples of Macr oinvertebrates

2

AN

C

7

1. dragonfly nymph 8. blackfly larva

¥

2. damselfly nym oh

9. dobsonfly larva

fr-

10. midge larvae

=3

<'~’4!M@Q§§anm 11. crane fly larvae

12. water penny
beetle larva

5. caddisfly larva

13. mosquito

B

14. scud

o
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Purpose

Use GLOBE temperature, latitude, and
precipitation data to model the change in soil
walter storage over a year’s time, then to compare
your model with GLOBE soil water content and
biomelry data.

Overview

Students will create a physical model using
glasses to represent the soil column that
illustrates the soil water balance. They will use

data from the GLOBE Data Server to calculate -

the potential evapotranspiration (the amount of
water needed to’meet the demand for the
month), average monthly temperatures and
precipitation for their model. They will then
construct a model representing the soil water
balance for their site.

Time

One class period to calculate values
One class period to construct model

One class period for hypothesis testing

Level

Intermediate and advanced

Key Concepts

Soil stores water.
Soil has a water holding capacity (field
capacity).

Higher temperatures and longer periods of
daylight increase evapotranspiration.
Precipitation is not equal to the amount of

water stored in the soil.
Soil water content is related to vegetative
growth.

Skills

Measuring volume and length
Following directions

Building models

Retrieving data from the GLOBE server
Reading graphs

Calculating averages

Testing hypotheses using models
Graphing GLOBE data

Materials and Tools

.14 beakers, glasses, or graduated cylinders
" (approximately 20-25 c¢m tall, or tall

enough to hold the total precipitation for
the wettest month at your model site)

Water (or other medium to represernt
precipitation such as rice)

Red and black markers

Ruler

Data from example or from GLOBE server

Preparation

For advanced activity: Collect GLOBE
temperature, precipitation, GPS, soil moisture,
biomass and hydrology data

Prerequisites
Simple math calculations, reading graphs,
using GLOBE Data Server
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Background

The amount of water stored in the soil at your
site can be estimated by conducting a water
balance for your area. The water content of your
soil varies depending on the balance between
water gained due to precipitation and water lost
through evaporation and transpiration. The
combined amounts of water lost through
evaporation and transpiration is called
evapotranspiration. The maximum rate of
evapotranspiration would occur if water was
always available and is called potential
evapotranspiration. The water content of your soil
is a key factor in determining which plants can
grow in your area. Several factors control the water
content of your soil including temperature, the
duration of sunshine, the amount of groundcover
and the amount of precipitation. One might think
that the months of highest precipitation would
also be the months with the greatest soil water
content. This may be true- but maybe not - if the
temperatures are so great that most of the water
evaporates! Scientists study the water balance in
an area to predict when plants will grow and when
they will be under stress due to lack of water.

Preparation

Discuss with students the importance of water
held in the soil with your student. You may want
to do the Just Passing Through activity to illustrate
the holding capacity of different soils.

Copy the Work Sheets for students to use.

What to Do and How to Do It
Examine the data in Figure HYD-L-16.

Precipitation = total amount of precipitation for
the month

Water Needed (PE) = Potential Evapotranspiration
is the total amount of water that would be lost
through evaporation and transpiration if water was
always available.

Extra Water = Precipitation in excess of what is
needed

Extra Water Needed = Water needed from
storage to make up a shortage in precipitation

Water in Storage = Water stored in soil available
for plants (cannot exceed 100 mm, because this
is the field capacity for this site)

Water Shortage = Water that is needed in excess
of precipitation and ground storage

Runoff = Water which is lost through runoff when
precipitation is greater than need and ground
storage is at capacity

Temperature = average monthly temperature

Flgure HYD-L- 16: Water Balance Table, Mt. Lemmon, AZ Practice Data

Months Jan |Feb [ Mar | Apr

May | Jun | Jul

Aug | Sep | Oct | Nov | Dec | Total

Precipitation (mm) 69 (23 |98 [56

23 |183 (71 (23 |32 |68 |54

Water Needed

(PE in mm) 13 |7 16 |33

99 (101 (96 (86 |60 |27 |7

Extra Water

Extra Water Needed

Water in Storage

Water Shortage

Runoff

Temperature
(avg in Celsius)

17 |18 (17 |16 (12 |7 3
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. Which month has the most precipitation?
Which has the least?

. Which month is the warmest? Which is
the coldest?

. During which months will water needed
(PE) exceed precipitation?

. During which months might you expect to
have runoff?

. Make a hypothesis on which month or
months you would expect to have a water
shortage. Record your hypothesis and
your justification for your hypothesis in
you GLOBE Science Notebook.

Setting Up Your Model

1. Set out 12 containers representing months
of the year. Label them from January
through December. See Figure HYD-L-17.

. Find, in the table, the amount of potential
evapotranspiration (PE) that is needed for
each month. Draw a line on each
container with a marker showing the mm
of PE needed for that month.

. Mark the 13th container as storage. Make
a line at 100 mm on the container to
indicate when storage is full.

Using Your Model

1. Begin modeling your water balance by
measuring in the precipitation beaker the
amount of precipitation you received for
January. Then follow the procedure below:

* 1f you have more precipitation than you
need for the month, fill the month
container only up to the PE line, then put
the extra water from the precipitation
beaker into storage.

+ The Storage container can only be filled to
the 100 mm level; extra water is runoff
and can be thrown away.

+ 1f you do not have enough precipitation
for the month to fill to the PE line, pour all
of the precipitation into the month
container, then take water from storage -
and pour it into the month container until
you reach the PE line.

+ If you still do not have enough water after
pouring in all of the precipitation from the
beaker and using all of the storage, make a
red line on the glass at the water level to
show a water shortage.

2. As you create the water balance model, fill
in the Water Balance Table Work Sheet
with the appropriate data for each month.
(Review the example of the filled in Water
Balance Table on the Water Balance Table

Work Sheet.)
Flgure HYD-L-17: Setting Up for the Water Balance Model
One glass for each month, marked with amount of water needed
ea— > eam——- e eammtt N~ - N - T —~e—
JAN FEB MAR | | APR MAY JUL AUG SEP ocT NOV DEC
] B H _ ‘ ‘ =i
Water needed

S— q

Precipitation Storage

Beaker 100 mm
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‘ C‘{X§ 3. Repeat these steps for all of the months.
: Do the months in order so that you will
know how much is in storage each month.

Notes

1. Sand, rice or some other material can be
used instead of water.

. Try starting the experiment with January,
then start with October. In the U.S. and
some other areas, hydrologists define a
“water year” as starting in October, before
the winter snow accumulation season. Do
you get a different result?

Discuss Your Results:

1. Which months show a water shortage?

o Did this agree with your hypothesis? Are

T " there any variables which you might now
take into consideration in forming a
hypothesis on water shortages at a site?

2. Are water shortages always in months with
the least precipitation?

3. Are water shortages always in months with
the highest temperatures?

4. During which months might you expect
floods? Justify your hypothesis.

Testing Other Hypotheses With Your
Model

Form hypotheses predicting how the water
balance will change with changes in the variables

1. What happens if you have a particularly
wet winter? (increase the winter
precipitation)

2. What happens if you have an unusually
dry summer? (decrease the summer
precipitation)

3. What happens if you have an unusually
hot summer (increase the water needed
(PE) for the summer months)

. What happens if you increase your storage
through building an artificial reservoir?
(increase Storage to 150 mm)

Test your hypotheses by changing the variables

in the table and running the model again.

Adaptation for Older Students

Have students complete the Water Balance Table
Work Sheet for their own or another site using
GLOBE data.

1. Find the average monthly precipitation for
each month and fill in the precipitation
row in the table.

2. Find the average monthly temperature for
each month and fill in the temperature
row in the table.

3. Find the latitude for your site and fill in
the latitude.

4. Find the PE for each month and fill in the
PE row in the table. (PE may be calculated
using the Calculating the PE Work Sheet
in the appendix)

5. Find the difference between the
precipitation and the water needed (PE)
for the month.

* If there is more water than needed, enter
the difference in the extra water row.

 Also enter this difference into the water
storage row, adding it to any water that is
already in Storage from the previous
month. Note: In the first month you do
not have a number to add from the
previous month, so just enter the
difference.

* Storage cannot be <0 or >100. Put the
amount over 100 mm into runoff.

o 1If there is less water than needed, enter the
difference into the extra water needed row.

* Subtract (water in storage from the
previous month) - (extra water needed
from the current month).

* Enter this number into the current month
water storage box if it is >0.

* 1f the number is <0, enter O in the water
storage box and your answer into the
water shortage box.
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6. Students should also calculate the actual
amount of water loss through
evapotranspiration:

If Precipitation > PE:

Actual Evapotranspiration = PE

If precipitation < PE (as long as there is water

in storage):

Actual Evapotranspiration =

Precipitation + extra water needed

You can only add the amount of water that

is available in storage.
Graph the precipitation, actual evapotranspiration,
and PE (3 lines) for the site on one graph using
the months on the X axis, and mm of water on
the Y axis for Precipitation, Actual Precipitation.
See Figure HYD-L-18. Examine the graph and
shade in areas where you have water surplus,
water shortage, shortage use and recharge, and
runoff.

Form hypotheses on how closely other variables
may be correlated with the water balance. Use
the GLOBE Data Server to investigate your
hypotheses.

1. Examine the GLOBE soil moisture data
from the site where you modeled water
balance. What correlation can you find
between your model and the soil moisture
data?

2. Compare the GLOBE biomass data from
the site where you model water balance.
How closely do they compare? Do times
of greatest biomass occur at the times of
greatest water availability?

3. Graph your measurements of water
chemistry. Are there any indications of
changes in water balance which may affect
the quality of a water body? A

Figure HYD-L- 18: Exampie Graph for Precipitation, Water Needed (PE), and Actuai Evapotranspiration

Water Balance Graph
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Water Balance Table Work Sheet

Months Jan |Feb |Mar [ Apr |May | Jun [Jul | Aug | Sep | Oct | Nov | Dec | Total

Precipitation (mm)

Water Needed
(PE in mm)

Extra Water

Extra Water Needed

Water in Storage

Water Shortage

Runoff - . o

Temperature
(avg in Celsius)

Example: Completed Water Balance Table (data from Mt. Lemmon, AZ, USA)

Months Jan |Feb |Mar | Apr [May [Jun | Jul | Aug [ Sep | Oct | Nov | Dec | Total

Precipitation (mm) 69 (23 |98 |56 |9 23 (183 | M 23 (32 |68 |54

Water Needed

(PE in mm) 13 |7 16 33 [64 [99 (101 |96 (86 |60 |27 |7

Extra Water 56 16 (82 23 82 41 47

Extra Water Needed 55 76 25 63 (28

Water in Storage 56 (72 (100 (100 {45 |0 82 |57 {0 0 4 88

Water Shortage 31 6 28

Runoftf 54 23

Actual

Evapotranspiration 13 (7 (16 |33 |64 |68 |101 |96 |80 (32 (27 |7

Temperature
(avg in Celsius)
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Calculating Potential Evapotranspiration Work Sheet

This work sheet will allow you to calculate the Potential Evapotranspiration (PE) for any site using the
temperature and latitude data from the GLOBE server. Potential Evapotranspiration may then be used
in the Water Balance Activity.

Step 1
Find the Average Monthly Temperature for your site using the GLOBE data server.

Average Monthly Temperature:
Jan___Feb__ _Mar___ Apr__ May un___Jul__Aug  Sep_ Oct__ Nov__ Dec__

Step 2
Find the Heat Index for each month from the graph below.

Manthly Hest Indax

o = N W e A O N O w0

A 1 'l ' il i
5 10 15 20 25 30
Average Monthiy Terrperature

Monthly Heat Index

Jan___Feb___Mar___ Apr__ May un, ul__Aug  Sep_ Oct__ Nov__ Dec__

Step 3

Add the Monthly Heat Indexes together to get the Annual Heat Index.

Annual Heat Index:
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Calculating Potential Evapotranspiration W ork Sheet (continued)

Step4

Using the Annual Heat Index and the Average Monthly Temperature for each month, find the
Unadjusted Potential Evapotranspiration from the appropriate graph below.

NOTE: If the average temperature for the month is below 0, the Unadjusted Potential Evapotranspiration
for that month is 0. If the average temperature for the month is greater than 26.5, use the Unadjusted
Potential Evapotranspiration for High Temperatures graph below.

Unadjusted Potential Evapotranspiration

1.0
25

TTTITT

20
15

Annual Heat Indox

B

17 T 11
G T A

20

25

3.0

4.0

5.0

8.0

Average Monthly Temperature ("C)

—7.0
—J 8.0

-19.0
—10.0

Unadjusted Potential Evapotranspiration (centimeters)

—H15.0

Note: To use the graph above, find your Average Monthly Temperature on the left and your Annual
Heat Index in the center. Make a straight line joining the 2 points and continuing on until you cross
the Unadjusted Potential Evapotranspiration line on the right. Read your Unadjusted PE from this

line and record below. For higher temperatures, use the graph below to read your Unadjusted PE
directly from the Temperature.
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Calculating Potential Evapotranspiration W ork Sheet (continued)

TUnadjusted PE for High Temperatures

Uradjuzte¢ FE (centimetors)

26 27 28 29 30 31 32 33
Temperature

Unadjusted Potential Evapotranspiration for each month

Jan___Feb_ Mar__ Apr__ May un ul___Aug  Sep__ Oct__Nov__ Dec__

Step5

Record the Correction Factor for each month from the table below.

Jan___Feb_  Mar__ Apr__ May un ul__Aug  Sep_ Oct__ Nov__ Dec__

Step 6

Multiply the Correction Factor by the Unadjusted PE to find the Potential Evapotranspiration.
Potential Evapotranspiration

Jan___Feb__ Mar__ Apr__ May un ul__Aug  Sep_ Oct__ Nov___Dec__

Daylight Correction Factors for Potential Evapotranspiration

Latitude Jan | Feb | Mar | Apr| May| Jun | Jul | Aug| Sep | Oct | Nov| Dec
0 1.04| 094| 1.04| 1.01§ 1.04| 1.01| 1.04| 1.04| 1.01| 1.04| 1.01]| 1.04
10N 1.00{ 091] 1.03|1 1.03| 1.08| 1.06| 1.08| 1.07| 1.02| 1.02{ 0.98| 0.99
20N 095} 090( 1.03| 1.05( 1.13| 1.11| 1.14| 1.11| 1.02| 1.00| 0.93| 0.94
30N 0.90( 0.87| 1.03| 1.08( 1.18| 1.17{ 1.20| 1.14| 1.03| 0.98| 0.89| 0.88
40 N 0.84]| 0.83| 1.03| 1.11| 1.24| 1.25| 1.27| 1.18| 1.04| 0.96| 0.83| 0.81
50 N 0.74( 0.78| 1.02| 1.15f 1.33| 1.36| 1.37| 1.25| 1.06| 0.92| 0.76| 0.70
10S 1.08| 097| 1.05| 0.99| 1.01| 0.96| 1.00| 1.01| 1.00| 1.06| 1.05| 1.10
20S 1.14| 1.00| 1.05| 0.97| 0.96| 0.91| 0.95| 0.99( 1.00| 1.08| 1.09| 1.15
30S 1.20| 1.03] 1.06| 0.95| 0.92]| 0.85[ 0.90| 0.96( 1.00| 1.12| 1.14| 1.21
40 S 1271 1.06]1.07] 0.93| 0.86| 0.78} 0.84| 0.92| 1.00| 1.15| 1.20] 1.29
50S 1371112 1.08| 089 0.77| 0.67| 0.74]| 0.88( 0.99] 1.19| 1.29| 1.41

Using the Table: For each month, look up the latitude of the site and the name of the month in the
table above to find the Correction Factor for each month.

Note: The correction factors for latitude 50 N are used for all latitudes father to the north. The correction
factors for latitude 50 S are used for all latitudes farther to the south.

Step7

Record the PE in the appropriate row of your Water Balance Table.

*Adapted from Muller, Robert A and Oberlander, T. (1978) Physical Geography Today: A Portrait of a
Planet, Random House.
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Hytirology investigation

Data Work Sheet

School name:

Student group:

Site Name:

Sample collection date: time: (hours and minutes) check one: UT___ Local ___
Transparency

Cloud cover (check one): __ clear scattered broken ____ overcast

Secchi Disk:

Observer 1: Length of rope: when disk disappears: ____m  when disk reappears: ______m
Distance from where the Observer 1 marked the rope to the Water Surface: m -
Observer 2: Length of rop‘é: “when disk disappears: m  when disk reappears: m .
Distance from where the Observer 2 marked the rope to the Water Surface: m

Observer 3: Length of rope: when disk disappears: m  whendisk reappears: ___m
Distance from where the Observer 3 marked the rope to the Water Surface: m

Turbidity Tube:

Water line in tube when image disappears:

Observer1: __ cm Observer2: __ _c¢cm Observer3: ____ cm
Water Temperature

Observer 1: °C Observer2:__ °C Observer3: ______ °C Average: °C
Dissolved Oxygen

Observer 1: mg/L Observer 2. mg/L Observer 3: ______ mg/L Average: mg/L

Kit manufacturer and model:

pPH

Measurement method: paper pen meter

Value of buffers at site: pH 4: pH 7: pH 10:

Observer 1: Observer 2: Observer 3: Average:

Conductivity

Conductivity Standard: MicroSiemens/cm (uS/cm)

Observer 1: puS/cm  Observer 2: puS/cm  Observer 3: pUS/cm  Average: pS/cm
GLOBE™ 1997 Appendix - 2 Hydrology
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Data Work Sheet (page 2)

Salinity

Tide Information

Time of tide before measurement: hours and minutes

Check one: High Tide __ Low Tide___ Check one: UT Local time______
Time of tide after measurement: hours and minutes

Check one: High Tide ___ Low Tide___ Checkone: UT ____ local time______

Place where these tides occur:

Salinity (Hydrometer Method)
Observer 1 Observer 2 Observer 3

Temperature of water in the cylinder: °C °C °C

Specific Gravity:

Salinity of Sample: - ‘ " ppt ppt ppt
- Average Salinity: _- __ppt .

Optional Salinity Titration
Salinity of Sample: Observer 1: ppt Observer 2: ppt Observer 3: ppt

Average Salinity: ppt

Kit manufacturer and model:

Alkalinity
For Kkits that read alkalinity directly

Observer 1: mg/L as CaCO, Observer 2: mg/L as CaCO, Observer 3: mg/L as CaCO,
Average: mg/L as CaCO,

Hach kits or other kits in which drops are counted:

Observer 1 Observer 2 Observer 3 Average
Number of drops drops drops drops drops
Conversion constant
for your kit and protocol: X X X X
Total Alkalinity (mg/L as CaCO,) = mg/L = mg/L = mg/L = mg/L
Kit manufacturer and model:
Nitrate
Observer 1: mg/L NO,-N + NO, - N mg/L NO, - N
Observer 2: mg/L NO, - N + NO, - N mg/L NO, - N
Observer 3: mg/L NO,"-N + NO, - N mg/L NO, - N
Average: mg/L NO, - N + NO, - N mg/L NO, - N
Kit manufacturer and model:
GLOBE™ 1997 Appendix - 3 Hydrology
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Calibration Data Work Sheet

School name:

Student group:

Date:

Dissolved Oxygen:

Temperature of distilled water: C; Elevation of your site: meters
Dissolved Oxygen for the shaken distilled water:
Observer 1: mg/L Observer 2: mg/L Observer 3: mg/L Average: mg/L

Solubility of oxygen in water Calibration value Expected value
for your temperature at sea level for your elevation for DO in your
from Table 3-1. from Table 3-2. distilled water:

mg/L X = : mg/L

Kit manufacturer and model:

Salinity

Salinity of Standard: Observer 1: ppt Observer 2: ppt  Observer 3: ppt

Average Salinity: ppt

Kit manufacturer and model:

Alkalinity
For Baking Soda Standard
For kits that read alkalinity directly

Observer 1: ____mg/L as CaCO3 Observer 2: _____ mg/L as CaCoO, Observer 3: ____mg/L as CaCoO,
Average: __ mg/L as CaCO3
Hach kits or other kits in which drops are counted:

Observer 1 Observer 2 Observer 3 Average

Number of drops drops drops drops drops
Conversion constant
for your kit and protocol: X X X X

Total Alkalinity (mg/L. as CaCO,) = mg/L = mg/L = mg/l = mg/L

Kit manufacturer and model:

Nitrate
Observer 1: mg/L NO, - N Observer 2: mg/L NO,"-N Observer 3: mg/L NO; - N

Average: mg/L NO, - N

Kit manufacturer and model:
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Hytirology Investigation

Contour Line Basics
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