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How to Use This Guide

Meteorology: An Educator’s Resource for Inquiry-Based Learning for Grades 5-9 is written as a supplement to
existing Earth and space science curricula for grades 5-9. The guide may be used in both formal and informal
educational settings as well as at home. It should be used in conjunction with lectures, discussions, textbooks
and other teaching material. This guide is not intended to be a complete course in meteorology; rather, its
function is to assist educators in instilling excitement in learning about meteorology by permitting the learner to
take increasing responsibility for his/her learning. The learner should experience “how we arrive at what we
know,” rather than memorizing what we know. This publication was developed to enhance the understanding of
inquiry-based learning from the educator/teacher’s perspective as well as from the learner’s perspective.
Inquiry-based learning has many levels. In general, inexperienced learners and younger learners will require
more guidance than more-experienced and older learners who are better equipped to take responsibility for their
learning. There are four levels of inquiry defined in this publication, confirmation-verification, structured
inquiry, guided inquiry and open inquiry. The levels will be further defined and explained in the introductory
chapter.

The guide is structured to include a short review of some principles of meteorology and facts so that they may
be readily available to the educator. The Weather and Climate chapter (Chapter 2) is not intended to be used as
an all-inclusive textbook, but rather an educator’s guide to some of the phenomena explored in this publication.
Many activities offered in this guide build upon each other and use the inquiry in the previous activity to assist
in the activity that follows. Thus, this publication enhances the understanding of meteorology by beginning with
basic and essential parameters of weather and then moving through mind-engaging interactions with complex
meteorological systems. The “Think About This!,” “Probing Further,” and “Examining Results” sections are
provided as examples to the educators; they may be used to stimulate the students to organize their thoughts in a
particular direction. Educators may use their own creativity in stimulating student inquiry. Further educator
information concerning these sections can be found in Appendix I: Suggestions For Maximizing The Use of
Learner-Designed Activities.

The learner is encouraged to build and/or test a variety of weather instruments to better understand the basic
factors involved in weather phenomena. The weather instruments are then brought together to form a weather
station. Collecting weather information combined with existing information about cloud systems allows the
learner to apply the knowledge to predict weather systems. Supplementary information and activities, which are
not inquiry-based, but deemed useful by the authors, are included in the appendices, including career
information Web sites in Appendix V.

An interactive video game, entitled “The Hurricane Hunters,” is the second part of this project. Nightlight
Studios and the authors of this guide developed the game, which should be the culminating experience in
learning about meteorology as the learner has the opportunity to better understand the dynamics of hurricanes.
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Chapter 1. Introduction

An Historical Look

Meteorology is
one of the oldest
observational
sciences in
human history
and perhaps the
most relevant to
a broad segment
of society. Some
of our first observational meteorologists and weather
forecasters were shepherds, farmers and sailors whose
livelihoods and safety depended upon understanding
and predicting the weather.

Shepherds guarding their flocks on the ancient hill-
sides looked skyward for signs of changes in the
weather. Farmers noticed that rain or drought could
destroy crops if they were planted or harvested at the
wrong time. Sailors experienced severe storms at sea
or long delays if they were “trapped” in areas of calm.
These groups gathered data through keen obser-
vations, which proved important as a foundational
database of weather information.

The following are old adages that relate to weather
changes:

e Red sky at night,
sailors’ delight.

e Red sky in
morning, sailors
take warning.

e Aches in bones
and joints indicate
changes in the
weather.

e Wind that causes leaves to turn upward on trees
indicates the coming of weather changes.

e Lack of dew on the grass in early morning
indicates changing weather.

e A circle around the moon indicates impending
precipitation.

Can these adages be explained scientifically? Can
they become crude weather predictors? Perhaps after
an in-depth examination of some of the weather acti-
vities included in this booklet, these statements can be
reexamined. Additional weather adages may be added
to this list. See Appendices II and V for more adages.
Ask your students to think of others.

Questions for the Students: Can you think of ways
that weather changes affect activities and events in
modern society? Do you think weather has important
consequences for most people in modern society?
Why? Why not?

Meteorology Activities for Grades 5-9
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Equipment and Supplies Necessary
To Conduct the Activities

We understand that many schools may not have the
supplies and equipment necessary to conduct costly
meteorology experiments and activities, so this publi-
cation focuses on activities using common materials
people can find in the home or in local stores. It is im-
portant to note that we have included only one way to
construct instruments; the educator may have alterna-
tive methods, which may work as efficiently and are
less costly. The authors make these instrument con-
struction suggestions as a starting point for educators.
Staff members who work in well-equipped schools
may substitute commercially available equipment and
supplies. However, there are pedagogical advantages
to constructing the equipment. Constructing the
equipment may lead to a better understanding of the
phenomenon measured and how the equipment
works. The “Materials Needed” suggestions are
based on the activity; quantities required would
depend upon how the students are grouped for
conducting activities.

It is extremely important that teachers advise students
about safety considerations when conducting science
activities. Educators must exert judgment as to the
maturity level required for the students to carry out
some of the activities independently. As an example,
can the students, wearing protective heatproof gloves
and safety glasses, handle the boiling water, or should
the educator handle the water

with the students at a safe

distance? The same

question applies to the

sling psychrometer,

Are the students mature

enough to sling the

psychrometer, or should

the educator sling it at a

safe distance from the

students?

Development of the Learning Philosophy
to Science Education

For science education to have meaning for all stu-
dents, there should be a strong focus on the essential
elements of inquiry learning, which are described in
the National Science Education Standards (NSES)
and the American Association for the Advancement
of Science (AAAS) Benchmarks. Using these docu-
ments as a foundation, the Council of State Science
Supervisors (CS3), through the CS3/NASA NLIST
Initiative, developed an operational definition of
Science as Inquiry (www.nlistinquiryscience.com).

The operational definition of science as inquiry pro-
mulgated by the CS3/NASA NLIST Initiative con-
sists of these essential elements: (1) conceptual con-
text for science content; (2) relevant and important
science content; (3) information-processing skills;
and (4) the scientific habits of mind (approaches).
These essential elements should become the focus

of material development. They enhance the relevancy
and applicability of science knowledge.

e Learning set in a broad context (concepts) can
enable deeper understanding and enhance the
transfer of knowledge to new and different situ-
ations (Appendix III).

e Content then becomes a building block for con-
structing and comprehending important concepts.

o Skill development becomes the means for
continuing the generation of new knowledge.

e Habits of mind (approaches) employed by experts
and nurtured in learners can ensure the integrity
of the discipline and provide a valid world view
from the perspective of science (Appendix III).

These essential elements, brought together holisti-
cally in a learning environment, make science both
relevant and applicable for all learners. Furthermore,
this approach enables the development of skills and
approaches needed to continue lifelong learning.

Meteorology Activities for Grades 5-9
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The skills scientists use and the scientific approach,
which are the foundation of generating a body of
scientific knowledge, are often overlooked in science
education. Science education is still taught and
learned as a history lesson—with a focus on “this is
what we know.” If educators emphasize “how we
know,” students will develop skills and acquire
scientific attitudes that yield a valid scientific view of
the world and the ability to use these skills as a life-
long way of resolving problems. Many activities used
to teach science are mindless “hands on” lessons and
do not engage a “minds on” response. Capable stu-
dents can see the activity outcomes without going
through the procedures and are not challenged. Many
educators think inquiry learning takes place only
through student activities. Teacher demonstrations,
classroom discussions, and even lectures can en-
courage the development of the essential elements

of inquiry if the focus is on “how we come about
knowing” rather than on “this is what we know.”

Scientists approach the generation of knowledge
differently than the way schools provide learners
access to this knowledge. Experts start with obser-
vations, pose questions, and at some point frame a
context for these questions. Depending upon the
discipline, they apply the ground rules or approaches
to a particular discipline. Experts make “wrong turns’
or reach “dead ends” and often must rework ap-
proaches to get resolutions to questions. Using these
skills and applying the ground rules of the discipline
enables experts to improve the learners’ abilities to
resolve problems. With this emphasis on learning, the
student develops a more valid view of the scientific
process and can better see the world through the lens
of a particular discipline.

b

AN IMPORTANT NOTE: For teachers who need

a more traditional correlation with the national stan-
dards and benchmarks that put greater emphasis upon
content correlation, see Appendix I'V. This type of
correlation does not negate the important educational
approach outlined previously but helps to illustrate
that this publication’s approach considers the de-
mands on teachers in current classrooms.

Levels of Inquiry in Activities

Just as children move through a series of stages when
learning to walk, programs designed for science edu-
cation should consider important developmental
stages in moving learners toward taking charge of
their own learning. The programs should have effec-
tive experiences that will enable learners to move
from receivers of information to pursuers of know-
ledge. Young learners and less-experienced learners
need more direction and “hand holding,” but as they
mature and increase their abilities, they need more
sophisticated challenges. There should be a gradual
shift in the help given students as they move to the
upper levels of schooling, even during the later stages
in a course.

There are four levels of activities that can be classi-
fied according to levels of inquiry potential. While
any of these inquiry levels can be appropriate for all
levels of learners, it is expected that the more-
structured learning experiences lie at lower grade
levels and the more open-ended and less-structured
ones predominate as students approach high school
graduation. The following classification is modified
from the work of Herron (1971) and his efforts to
develop a simple, practical rubric for assessing the
degree to which activities promote student inquiry.
Based partly on the writings of Schwab (1964),
Herron describes four levels of inquiry. The subse-
quent classification is a slight modification in look-
ing at a teacher-centered approach versus a shift
toward a more learner-centered approach.

Meteorology Activities for Grades 5-9
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Throughout this publication the learner will have the
opportunity to experience activities that represent
each of the four levels. Furthermore, these activities
will be specifically identified as to the predominant
inquiry level of the particular activity. This identifi-
cation will assist the educator in better understanding
inquiry levels and how to select or develop more
activities that address these various inquiry levels.

(1) Confirmation-verification. Students confirm or
verify a concept through both a prescribed question
and procedure; the results are known in advance.
The value of this level of activity is in introducing
students, who have had very little or no experience
in performing science activities, to the general steps
in the design of investigations.

(2) Structured inquiry. Students investigate a
teacher-presented testable question through a pre-
scribed procedure. The results of the investigation
are not known in advance, and students generalize
relationships by using the outcomes of the activity.
The value of this level of activity is to challenge the
learner to examine the data and to come to a valid
conclusion based upon these data. It also gives the
learner further experience with the concept of a

“testable” question and investigative design structure.

(3) Guided inquiry. Students investigate a teacher-
presented question using their own procedures for
conducting the activity. The value of this level of
activity is in challenging learners to design the
procedure that will produce appropriate data to
validly resolve the question. Further, the learner has
an additional opportunity to learn from the teacher-
presented testable question.

(4) Open inquiry. Students investigate a topic-related
question that they have formulated. They are respon-
sible for defining a manageable question(s), designing
procedures to collect, record, and evaluate data, and
draw interpretations, inferences, and conclusions. In
this level of activity, the student benefits from learn-
ing how to design a testable question and also to
design a procedure to generate the data necessary to
appropriately resolve the question. The teacher en-
sures that the student addresses the concepts being
studied by framing a context in a broad nontestable
statement, such as, “Investigate an aspect about what
causes air movement within Earth’s atmosphere.” It is
then necessary for the learner to carve out a piece or
pieces of this statement that can be tested.

NOTE: It should be understood that any of these
inquiry levels of activities can provide educational
benefit. However, it is important to challenge the
learner to take more responsibility for his/her
learning. After working through these activities
with students, the teacher will also have a better
understanding of ways to modify these levels of
activities to suit the needs of various learners.
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Chapter 2. Weather and Climate

The Structure of the Atmosphere

Surrounding the Earth is a gaseous envelope or
atmosphere, held in place by the planet’s gravitational
attraction. The Earth’s
atmosphere is a complex
dynamical, physical, and
chemical system. Dyna-
mic processes cover a
large range of scales from
the microscopic-scale
dynamics of evaporation,
condensation, cloud
formation and precipi-
tation, to small-scale,
localized vertical and
horizontal wind motions,
to medium-scale
cyclones, anticyclones,
hurricanes, typhoons,
tornadoes, thunderstorms,
fronts, etc., to the large-
scale general circulation
of the atmosphere.

Physical processes in the atmosphere include the
transfer of incoming solar radiation through the
atmosphere to the surface, the heating of the surface,
the emission of outgoing infrared radiation, the
absorption of infrared radiation by atmospheric gases,
the evaporation of water, the condensation of atmos-
pheric water vapor into clouds, and precipitation.
Chemical processes include the transformation and
production of atmospheric gases, such as atmospheric
ozone, via chemical reactions involving many dozens
of gases in the atmosphere.

While the Earth’s atmosphere extends upward for
hundreds of kilometers until it merges with interplane-
tary space, more than half of the atmosphere’s total
mass is below an altitude of only about 6 kilometers
(3.75 miles) above the surface (Figure 2-1). The
lowest region of the atmosphere, the troposphere,
extends from the surface to an altitude that varies from
10 to 15 kilometers (km) (6.2 to 9.3 miles (mi.)),
depending on latitude and season. The top of the
troposphere is called the tropopause. The regions of
the atmosphere above the troposphere are the
stratosphere (from between 10 and 15 to 40 km
(between 6.2-9.3 and 25 mi.)), the mesosphere (40 to
80 km (25 to 50 mi.)), the thermosphere (80 to 500 km
(50 to 310 mi.)) and the exosphere (begins at about
500 km (310 mi.)). The exosphere merges with
interplanetary space. The ionosphere is the region of
atmosphere between 40 and 300 km (25 and 185 mi.).
It is the region of positively-charged atoms and
molecules and negatively-charged electrons.

Figure 2-1. Regions of the atmosphere.
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The Chemical Composition
of the Atmosphere

The Earth’s atmosphere is a complex mixture of
gases: nitrogen (N3) (about 78% by volume), oxygen
(O2) (about 21% by volume) and argon (Ar) (about
0.9% by volume) with small and varying amounts of
water vapor (H2O) (0 to 4% by volume) and still
smaller amounts of carbon dioxide (CO;), methane
(CH,), nitrous oxide (N,0), ozone (O3) and dozens of
other gases at still smaller concentrations. The chemi-
cal composition of the atmosphere is given in Table
2-1. The protection afforded by the atmosphere is
very important for life on Earth. The atmosphere
shields the Earth’s surface and its myriad forms of
life from biologically damaging high-energy cosmic
radiation. In addition, ozone, found mostly in the
stratosphere, absorbs ultraviolet radiation from the
Sun, shielding the Earth’s surface from this bio-
logically damaging radiation.

Table 2-1. Chemical Composition
of the Earth’s Atmosphere

Gas Concentration*
Nitrogen (N,) 78.084%
Oxygen (0O,) 20.946%
Argon (Ar) 0.934%
Carbon Dioxide (CO.) 0.037%
Water Vapor (H,O) 0.01 to 4%"
Neon (Ne) 18.2 ppmv
Helium (He) 5.0 ppmv
Methane (CH,) 1.8 ppmv
Krypton (Kr) 1.1 ppmv
Hydrogen (H,) 0.5 ppmv
Nitrous Oxide (N,O) 0.5 ppmv
Xenon (Xe) 0.09 ppmv
Ozone (O,) 0.0 to 0.07 ppmv'
Nitrogen Dioxide (NO,) 0.02 ppmv

*Concentration units: % or parts per million by volume (ppmv)
(1 ppmv = 0.0001%).

THighly variable.

The mean molecular mass of dry air is 28.97 atomic mass
units or Daltons.

Instruments to Measure Weather

Weather is the instantaneous or current state of the
atmosphere and is measurable in terms of tempera-
ture, atmospheric pressure, humidity, wind speed and
direction, cloudiness and precipitation. Climate is the
state of the atmosphere over long time periods, such
as over years, decades, centuries or greater. In gen-
eral, the weather that impacts the surface of the Earth
and those that live on the surface takes place in the
troposphere. Weather parameters are measured with
different instruments. Atmospheric temperature is
measured with a thermometer.

Atmospheric pressure is a measure of the force
exerted by the mass of atmosphere on the surface at
a given location. The average pressure of the atmo-
sphere at mean sea level is about 1 kg per square cm,
which is equivalent to about 14.7 pounds per square
inch or a pressure of 1013.25 millibars (mb), and
which is also referred to as 1 atmosphere. Atmo-
spheric pressure is measured with a barometer.

Humidity is a general term that refers to the water
vapor content of the air. Absolute humidity is the
actual amount of water vapor per volume of air.
Relative humidity is the percentage of water vapor
in the atmosphere compared with the maximum
amount of water vapor that the atmosphere could
contain at that temperature. The dew point of a given
parcel of air is the temperature to which the parcel
must be cooled, at constant pressure, for the water
vapor component to condense. Humidity is measured
with a psychrometer.

Wind speed is measured with a 4-cup anemometer
and wind direction is measured with a weather vane.
Winds are named after the direction from which they
flow. For example, the northeast trade winds flow in
a southward direction from the northeast. The amount
of cloud cover is estimated either visually or photo-
graphically. The amount of precipitation is measured
with a rain gauge.
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Solar Radiation, the Greenhouse Effect
and the Temperature of the Earth

To a large extent, the temperature of the Earth’s
surface is determined by the amount of radiation
received from the Sun. Most of the incoming
radiation from the Sun is in the form of visible
radiation.

The atmosphere is mostly transparent to incoming
solar radiation, i.e., this radiation is not absorbed by
gases in the atmosphere, with the notable exception of
solar ultraviolet radiation, which is absorbed by ozone
mostly located in the stratosphere. However, some of
the incoming solar radiation is reflected back to space
by clouds (Figure 2-2), by ice and snow at the poles,
and by desert areas. The surface of the Earth is heated
by the absorption of incoming solar radiation and
reaches a mean global temperature of about —18 °C

(0 °F). Once heated to the mean temperature, the Earth
emits radiation in the form of “long-wavelength,” or
infrared, radiation back to space. Unlike incoming
solar radiation, which is not strongly absorbed by
atmospheric gases and passes through the atmosphere
to the surface, outgoing infrared radiation is strongly
absorbed by several different atmospheric gases,
including carbon dioxide, water vapor, methane,
nitrous oxide and ozone.

Immediately after being absorbed by these atmo-
spheric gases, the infrared radiation is quickly re-
emitted or released back to the atmosphere in both
the upward and downward directions. The downward
component of the re-emitted infrared radiation strikes
the surface and causes additional heating, increasing
the mean temperature of the Earth to about 15 °C

(59 °F). This additional heating is called the “green-
house effect” and the gases that absorb and then re-
emit infrared gases are called “greenhouse gases.”
Measurements show that atmospheric concentrations
of greenhouse gases— carbon dioxide, methane and
nitrous oxide—are increasing with time most
probably due to human activities. Atmospheric
concentrations of water vapor will increase as the
temperature of the atmosphere increases. The buildup

Figure 2-2. Transfer of incoming solar radiation
through the atmosphere.

of greenhouse gases in the atmosphere has led to
national and international concern about global
warming and its accompanying environmental
consequences.

The Intergovernmental Panel on Climate Change
(IPCC) released its Fourth Assessment Report in
February 2007 with the following conclusions:

e Warming of the climate system is unequivocal.

e Most of the observed increase in globally
averaged temperatures since the mid-20th
century is very likely due to the observed
increase in anthropogenic greenhouse gas
concentrations.

e Hotter temperatures and rises in sea level
“would continue for centuries” no matter
how much humans control their pollution.

e The probability that this is caused by natural
climatic processes alone is less than 5%.

e World temperatures could rise from anywhere
between 1.1 and 6.4 °C (1.98 to 11.52 °F) with
a corresponding sea level rise of 18 to 59
centimeters (cm) (7 to 23 inches (in.)) during
the 21st century.
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Solar Heating and Atmospheric Motion

Weather is a very complex phenomenon and is con-
trolled by many factors and processes, such as the
heating of the Earth’s surface and atmosphere by in-
coming solar radiation. Incoming solar radiation is
absorbed by the Earth’s surface, which in turn warms
the lower atmosphere. Because warmer air is less
dense than cooler air, the heated air will begin to rise
through the atmosphere. The rising air creates a low-
pressure area at the surface. The background, or
ambient, temperature of the atmosphere decreases
with altitude (Table 2-2) as the distance from the
Sun-heated surface increases. The decreased atmo-
spheric temperature with altitude causes water vapor
in the rising air mass to cool to its dew point, which
leads to condensation, the formation of cloud droplets
and clouds and maybe eventually precipitation.
Hence, rising air masses and low-pressure areas at the
surface are usually associated with clouds and,
possibly, stormy conditions (Figure 2-3). Severe
weather phenomena, such as thunderstorms, torna-
does and hurricanes are all associated with rising air
motions and accompanying low-pressure surface

Table 2-2. The Variation of Mean Atmospheric
Temperature and Pressure with Altitude

Altitude, | Temperature, | Pressure, millibars
km (miles) °C (F) (pounds per inch)
0 15.0 (59.0) 1013.25 (14.696)
1(0.62) 8.5 (47.3) 899 (13.038)
2 (1.24) -2.0 (28.4) 795 (11.530)
3 (1.86) —-4.5 (23.9) 701 (10.167)
4(2.48) | —11.0 (12.2) 616 (8.934)
5(3.11) | -17.5 (0.5) 540 (7.832)
6 (3.73) | —24.0 (-11.2) 472 (6.846)
7 (4.35) | —30.5 (-22.9) 411 (5.961)
8 (4.97) | —37.0 (-34.6) 356 (5.163)
9 (5.59) | —43.5(-46.3) 307 (4.453)
10 (6.20) | —50.0 (-58.0) 264 (3.829)
11 (6.83) | —56.5 (—69.7) 226 (3.278)
12 (7.46) | —-56.5 (—69.7) 193 (2.799)
13 (8.08) | —56.5 (—69.7) 165 (2.393)
14 (8.70) | —56.5 (—69.7) 141 (2.045)
15(9.32) | —-56.5 (—69.7) 120 (1.740)

Figure 2-3. Rising air masses and low-pressure areas
are usually associated with clouds and stormy condi-
tions, while descending air and high-pressure areas at
the surface usually mean fair weather conditions.

areas. Regions of descending or falling air cause high-
pressure areas at the surface, and, in general, bring
cloud-free and fair weather conditions. Areas of low
and high pressure at the surface, caused by rising and
falling air parcels, can vary in diameter from a few
meters to hundreds of kilometers.

Cyclones and Anticyclones

A cyclone is a low-pressure weather system. The air
above a cyclone rises, leading to the formation of
clouds and possibly precipitation. In the northern
hemisphere, a counterclockwise rotation develops
around the cyclone center. In the southern hemisphere,
a clockwise rotation develops around a cyclone. The
weather is usually stormy within low-pressure areas.
An anticyclone is a high-pressure weather system.

The air above an anticyclone descends. In the northern
hemisphere, a clockwise rotation develops around the
anticyclone center. In the southern hemisphere, a
counterclockwise rotation develops around an anti-
cyclone. In general, the weather is usually clear and
good within high-pressure areas.

A hurricane is a tropical cyclone. Hurricanes are
energized by heat released when moist air rises and
the water vapor in the rising air condenses. Hurri-
canes are born and sustained over large bodies of
warm water and lose their power over land where
the source of their energy, the condensation of water
vapor, is significantly reduced. Hurricanes can pro-
duce extremely strong winds, tornadoes, torrential
rain, high ocean waves and storm surge. A hurricane
has sustained winds of at least 119 km per hour
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(74 miles per hour). A hurricane is a very energetic
phenomenon with energy release estimated to be the
equivalent of exploding a 10-megaton nuclear bomb
every 20 minutes or about 200 times the worldwide
electrical generating capacity per day. Although
hurricanes are large weather systems generating
enormous energy, their movements over the Earth’s
surface are controlled by large-scale atmospheric
winds. Recently, it has been suggested that both the
numbers and intensity or energy of hurricanes will
increase as a consequence of global warming.

Variations in Surface
Atmospheric Pressure

The mean sea level atmospheric pressure is about
1013.25 millibars (mb) or 14.7 pounds per square
inch (psi). A moderate cyclone has a surface pressure

Figure 2-4. Source regions of air masses.

of about 995 mb. A very strong cyclone has a surface
pressure of about 975 mb. Hurricane Camille in 1969
had a surface pressure of 908 mb. The lowest re-
corded sea level pressure was 8§70 mb associated with
a Pacific typhoon on October 12, 1979. A moderate
anticyclone has a surface pressure of about 1030 mb.
A very strong anticyclone has a surface pressure of
about 1050 mb. The highest recorded sea level pres-
sure was 1084 mb over Agata, Siberia, on December
31, 1968. The decrease of atmospheric pressure with
altitude is shown in Table 2-2.

Air Masses and Fronts

An air mass is a large body of air with nearly uniform
temperature and humidity that moves mostly in the
horizontal direction. In general, air masses derive
temperature and humidity characteristics from the
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regions in which they originate, which are called the
air mass source regions (Figure 2-4). Typically, air
masses are classified first according to temperature:
polar (from between 50° and 65° latitude), tropical
(from 20° to 35° latitude) and equatorial (from over
the oceans near the equator). Polar (P) air masses are
cold; tropical (T) air masses are warm. Then, air
masses are classified either moist or dry depending
upon whether the source region is land or water.
Maritime (m) air masses form over the oceans and are
relatively moist; continental (c) air masses form over
land and are relatively dry. A maritime tropical air
mass is designated as mT, while a continental polar
air mass is designated cP. Fronts are the boundaries
between two different interacting air masses. A cold
front occurs when a cooler air mass moves in on a
warmer air mass. A warm front occurs when a warm-
er air mass moves over a cooler air mass. A stationary
front is a front that exhibits little or no movement.

General Circulation of the Atmosphere

Due to the curvature of the Earth (the Earth’s spheri-
city), the Sun’s rays are spread over a larger and
larger area the further the latitude from the equator.
Therefore the sunlight is less concentrated than at
latitudes nearer the equator and less solar heating
takes place. This is why the Earth’s equatorial regions
are hot and the polar regions are cold. The atmo-
sphere and ocean redistribute the excess solar energy
from the equatorial regions to the polar regions via
their circulation (Figure 2-5). Hence, the solar-heated
air at the equator rises and then moves poleward at
high altitudes in both hemispheres. This causes a
surface low-pressure area at the equator. The low-
pressure area between 5° N and 5° S is called the
Intertropical Convergence Zone (ITC). At about 30°
N and 30° S of the equator, some of the high-altitude,
poleward-moving heated air begins to cool, which

Figure 2-5. The general circulation of the atmosphere.
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Figure 2-6. The Coriolis Effect.

causes it to descend to the surface, creating high-
pressure areas at the surface. The descending air sets
up surface wind patterns that flow away from these
high-pressure systems towards the poles and the
equator in both hemispheres. As air flows from
regions of high pressure to regions of low pressure,

it is deflected to the right (in the northern hemisphere)
and to the left (in the southern hemisphere) by the
Earth’s rotation. This is known as the Coriolis Effect
(Figure 2-6). Thus, in the northern hemisphere, the
surface air flowing equatorward is turned toward the
southwest. These winds are called the northeast trade
winds because they blow from the northeast (toward
the southwest). In the southern hemisphere, the
surface air flowing equatorward is turned toward the
northwest. These winds are called the southeast trade
winds because they blow from the southeast (toward
the northeast). In both the northern and southern
hemispheres, the poleward surface flow gets directed
by the Coriolis effect, resulting in westerly or prevail-
ing westerly winds. The general flow of the atmo-
sphere begins to get more complicated poleward of
30° in both hemispheres due to the presence of fronts
and the high-altitude jet stream. In the northern hemi-
sphere, the flow of the prevailing westerlies is further
disturbed by the presence of land masses. Weather,
particularly poleward of 30°, is also impacted by
dissimilar and interacting large air masses forming
fronts and surface cyclones and anticyclones.

The El Nifio-Southern Oscillation (ENSO) is a
global-coupled ocean-atmosphere phenomenon.

El Nifio and La Nifia are major temperature fluctu-
ations in the surface waters of the tropical eastern
Pacific Ocean. Their effect on climate in the south-
ern hemisphere is significant. In the Pacific Ocean,
during major warming events, El Nifio warming
extends over much of the tropical Pacific. The
specific mechanisms responsible for the El Nifio
ocean warming are not known.

Jet streams are high-speed bands of winds in the
upper troposphere that flow west to east over both
the northern and southern hemispheres (Figure 2-7).
The winds in the jet stream are variable and may
reach 500 kilometers per hour (310 miles per hour).
In winter, the average speed is 160 kilometers per
hour (100 miles per hour); in summer, the average
speed is 80 kilometers per hour (50 miles per hour).
The location of the jet stream may move equator-
ward and poleward from week to week. This move-
ment of the location of the jet stream “steers” fronts
at the surface and hence, greatly impacts local
weather over the Earth. When the jet stream dips
down to the southeast U.S., colder than normal
temperatures often cover the eastern half of the
country, while warmer than normal temperatures
often prevail in the western half of the country.

Figure 2-7. The jet stream over North America.
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Figure 2-8. The water cycle.

The Water Cycle and Clouds

The water cycle (Figure 2-8) was already briefly
mentioned in relation to the condensation of water
vapor and the formation of cloud droplets and
eventually precipitation in rising air masses.

The three main elements of the water cycle are
evaporation, condensation and precipitation.
Evaporation is the process of transforming liquid
water in the oceans and in the soil to water vapor,

an invisible, odorless gas that enters the atmosphere.

Condensation is the process of changing gaseous
water vapor back to liquid water and in the process
forming cloud droplets. As the water vapor rises in
the atmosphere, atmospheric temperature decreases
with altitude and condensation begins, resulting in
the formation of tiny cloud droplets. The tiny cloud
droplets begin to collide and coalesce with neigh-
boring cloud droplets, growing in size and weight

and eventually forming precipitation, which “falls”
out of the atmosphere as liquid water droplets (rain)
or solid water particles (snow and hail).

Other processes in the water cycle are freezing,
melting and sublimation, which all involve changing
the state of water. Sublimation is the change of phase
from a solid to a gas without the intermediate step of
forming liquid. In the case of water, sublimation is
the change from snow or ice to gaseous water vapor,
without the intermediate step of forming liquid water.

Cloud condensation nuclei (CCN) are very small
particles (typically about 1/100th the size of a cloud
droplet) upon which cloud droplets coalesce. To
make a transition from the gaseous state of water
vapor to the liquid water droplet, a nongaseous
surface is required. In the atmosphere, tiny solid or
liquid CCN particles provide this surface.
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Clouds are visible masses of condensed droplets or
frozen crystals suspended in the atmosphere above the
surface. Clouds are divided into two main categories:
convective or cumulus clouds (in Latin, cumulus
means piled up) and layered or stratus clouds (in
Latin, stratus means layer). Cumulus and stratus
clouds are divided into four more groups that distin-
guish the altitude location of the cloud. The family of
low clouds (found up to 2 km (6,500 ft)) includes
stratus, nimbostratus, cumulus, and stratocumulus.
Cumulus clouds (Figure 2-9) are dense, white and
puffy, resembling cotton balls. Cumulus clouds are
found either as single clouds or closely packed clouds.
While cumulus clouds resemble puffy white cotton
balls and are associated with good weather, stratus
clouds (Figure 2-10) are dark gray, low, uniformly

Figure 2-9. Cumulus clouds.

stratified or layered covering the entire sky and are
usually associated with rain. Middle clouds are found
between 2 and 5 km (6,500 and 16,500 ft). Middle
clouds are denoted by the prefix “alto” and include
altostratus and altocumulus. High clouds are found
above 5 km (16,500 ft) in the cold region of the
troposphere and are denoted by the prefix “cirro” or
cirrus. At this altitude, water freezes so the clouds are
almost always composed of ice crystals. These clouds
are wispy and often transparent. High clouds include
cirrus, cirrostratus and cirrocumulus. Aircraft contrails
form in this altitude range. Vertical clouds have strong
upward currents and form over a wide altitude range
and include cumulonimbus, which are very large,
towering dark clouds usually associated with heavy
precipitation and thunderstorm activity.
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Figure 2-10. Stratus clouds.
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Chapter 3. Surface Color and Effect on Temperature Change:
?; A Confirmation-Verification Activity

Think About This!

On a hot summer day, do you find dark or light
clothing the most comfortable to wear in the bright
sunshine? Explain. Have you ever walked barefoot
across a dark pavement or sandy beach during a
bright, hot summer day? What was the experience
like? On a bright, hot summer day, if you had to
walk barefoot down a dark sidewalk or along
pavement lined with green grass, which surface
would feel most comfortable to your feet? Why?

Probing Further

You will investigate an important factor (color) that
can cause differences in Earth’s surface temperature.
However, as you work through the series of activities
in this publication, you might discover complicating
factors that can influence a simple explanation. What
do you think some of these factors might be? Do you
think sunlight falling on a green grass surface raises
the temperature to the same degree as that falling on
a dark surface? Explain.

This activity should confirm that a dark surface
absorbs more energy than a light surface, as is
indicated by differences in the final readings of
two thermometers.

Objectives for the Learner
(Essentials of Inquiry)

Conceptual Theme: To develop a basic
understanding of relative change in temperature
relating to the surface color of an object.

Content: Develop a basic understanding that the
heating (indicated by temperature differences) of an
object is related to the degree of an object’s surface
color.

Skills: The focus is on handling laboratory
equipment, making careful observations, recording
temperature differences, reaching conclusions, and
describing and communicating results.

Scientific Habits of Mind: The importance of careful
observations, respect for data, verifying results and
performing experiments safely.
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Materials
2 large containers
2 foam caps

2 non-mercury thermometers

1 sheet of dark
construction paper

1 sheet of light
construction paper

Transparent tape
Scissors

Heat lamp (or lamp on stand
equipped with 100-watt bulb)

Safety glasses

Preparation

Place the two containers on a level surface and
allow the air inside the containers to equalize
with air in the room. This should take no more
than about 10 minutes.

While waiting for the temperatures to equalize,
you can complete the following steps.

Cut a strip of dark paper to fit one container and
tape this paper around the outside of the container
covering its surface.

Cut a strip of light paper to fit the other container
and tape this paper around the outside of the
container covering its surface.

Cut two pieces of foam to firmly fit like
caps inside the top of each of the containers.
NOTE: Manufactured plastic drink caps
are too flimsy.

Cut slots in each of the foam caps for inserting the
thermometers (this should be a snug fit). Insert one
thermometer inside the slot of each of the foam caps.

Place the caps with the thermometers inserted firmly
on each container, making sure that the liquid in the
thermometer is visible. Record the temperature of
each thermometer.

Put the two containers side by side and place the heat
lamp about 6 inches from the containers. Plug the light
into an electrical outlet and turn it on.

Record the temperature of both thermometers at
5-minute intervals, 5 different times.

Your completed setup for conducting the experiment
should look like Figure 3-1.
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Examining Results
Did the temperature rise in both containers? Explain.

1t is expected that there was a temperature rise in
both the containers, but it is likely that the dark-
colored container reached a higher temperature
than the light-colored container. Make certain that
the students use the results of the data collected
from the activity, even if it does not support the
expected results.

Did the temperatures in each of the containers rise at
the same rate? Explain.

1t is expected that the temperature rose at a faster
rate in the dark-colored container. Make certain that
the students use the results of the data collected from
the activity.

Figure 3-1. Experiment setup.

What was the final temperature at the end of 25
minutes in each of the containers?

Students should record the temperatures of each
container at the end of the 5-minute intervals and at
end of the activity. It is expected that there was a
temperature rise in both the containers, but it is likely
that the dark-colored container reached a higher
temperature than the light-colored container. Make
certain that the students use the results of the data
collected from the activity.

How did you present the results? Explain.

Appropriate ways to present the results are both table
and graph form. Time should be placed on one axis
and temperature on the other axis to view both the
rate of rise and the final resulting temperatures.

Conclusion

Which of your conclusions did the resulting data
support?

While it is essential that the collected data determine
the conclusion, it is expected that the main conclusion
supported by the data will be that the dark-colored
container’s temperature rose more rapidly and
reached a higher final temperature. Deviations from
this result need to be explored and discussed with the
students.

Going Further

What are some various ways to present your
observations?

Both charts and graphs are appropriate ways of
presenting data.

How could you vary this activity and learn more
about surface color and temperature rise?
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There are a number of comparisons that could be
made regarding temperature change; some examples
are:

a. Repeat the activity several times.
b. Conduct the activity comparing other colors.

c. Add materials such as sand to the container
and check for temperature changes.

. Fill like-colored containers with different
materials, such as sand and water, and
examine the results.

Challenge

Try designing an activity to verify that materials of
the same surface color but varying composition affect
the absorption of energy.

Background for the Teacher

This confirmation-verification activity should simply
show that light and dark surfaces (made of the same
material) show a difference in increase of tempera-
ture over a 25-minute period, with the dark-colored
container reaching the highest temperature reading.
Dark surfaces become warmer because they absorb
more of the incident radiation. Light-colored surfaces
reflect more of the incident radiation, hence absorb-
ing less radiation. The higher the absorption, the
warmer the temperature.

This concept is very important for students, who will
eventually better understand that temperature differ-
ences, as influenced by the different surface colors of
the Earth, result in important changes in the move-
ment of air. It is an extremely important “building
block” to this eventual understanding and application
to other situations. As an example, place two pieces
of construction paper, one white and one black, on
top of snow or boxes filled with ice. Aim a heat source
of equal intensity and distance at both the white and
black pieces of construction paper. Observe the
results.

The data will likely show that the dark surface
reached a higher temperature and at a faster rate.
This result should form the basis of the learner’s
conclusion. Graphing the information is a good
way to determine the rate of rise in both containers.
You should ensure that the generated data support
the conclusion and thus reinforce an important
scientific habit— “respect for data.”

Both “Going Further” and “Challenge” can be
addressed by having the learner compare the
temperature increases in containers with various
characteristics and contents. Encourage the
Students to be innovative in their designs.
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Chapter 4. Angle of Light Rays and Surface Distribution:

A A Structured-Inquiry Activit
A | quiry y

Think About This!

Is the Sun ever directly overhead at any time during
the day throughout the year where you live? Explain.
On what day of the year is the Sun lowest in the sky
at midday? On what day of the year is the Sun highest
in the sky at midday? Explain. Between what latitudes
is the Sun directly overhead twice during each year?
Research this question or discuss it with your teacher.
Do you think this phenomenon has anything to do
with our weather? Why?

Probing Further

On a bright, sunny day, drive a stick into the ground
and observe the variation in the position and the
length of the stick’s shadow as the Sun moves across
the sky. About what time did you observe the shadow
to be the longest? About what time did you observe
the shadow to be the shortest? Explain. Where you
live, is there ever a time during the day (when the sun
is shining) when there is no shadow cast by the stick?
Is the shadow cast by the stick always on the same
side of the stick? Why?

After completing the following activity, students
should better understand the effect that the angle of
the Sun’s rays have on the Earth’s surface.

Objectives for the Learner
(Essentials of Inquiry)

Conceptual Theme: To develop basic understanding
of interrelationship between the angle of light rays
and the area over which the light rays are distributed
and the potential to affect changes in the temperature
of materials.

Content: Developing basic information that relates
to the angle of incidence (angle at which light rays
strike the surface) of light rays, understanding the
difference in the area of distribution of the light
rays, and eventually projecting this information to
surface temperature differences on the Earth.

Skills: The focus is on the handling of laboratory
equipment, making careful observations, measuring
surface-area changes based upon angle of incidence,
recording data, making conclusions, and describing
and communicating results.

Scientific Habits of Mind: The importance of careful
observations, respect for data, verifying results, and
forming conclusions consistent with the derived data.
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Materials
Flashlight

Circular piece of cardboard
with a 1.25 cm (.5 in.)

square opening cut into the
center to cover lens

(or cover lens with masking
tape leaving a 1.25 centimeter
(0.5 in.) square opening)

Flashlight holder that permits the flashlight
to be rotated through different angles

(See Appendix VI for instructions for
constructing the flashlight holder.)

Protractor

Ruler

Preparation

If a school is well equipped with supplies and
materials, a ring and ring-stand holder and clamps
can be used to hold a flashlight at various angles.
However, an angle-adjustable flashlight holder as
shown in Figure 4-1 will hold the flashlight at more
accurate angles.

Place the flashlight holder on a flat surface and attach
the flashlight to the holder. NOTE: two thick rubber
bands, spaced a short distance apart, may be wrapped
around the flashlight and angle adjuster to attach the
flashlight to the angle adjuster.

Position the flashlight at a 90° angle (as shown on the
left in Figure 4-1) so that the light rays contact the
surface from directly overhead. NOTE: this corre-
sponds to a 90° solar elevation angle (angle of
incidence), meaning that the sun is 90° from the
horizon, i.e., directly overhead. The angle of inci-
dence is read using the degree mark of the protractor
at the nail. Turn on the flashlight and use the ruler to
measure the surface area covered by the light rays at

this angle. For best results, dim overhead lights in
the room before turning on the flashlight. Record
your results. Turn off the flashlight.

Next, rotate the flashlight to a 60° angle (60° solar
elevation) (as shown on the right in Figure 4-1).
Turn on the flashlight and measure the surface area
covered by the light rays at this angle. Record your
results. Turn off the flashlight.

90° angle 60° angle

Figure 4-1. Experiment setup
using the flashlight holder.
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Next, rotate the flashlight to a 30° angle (30° solar
elevation). Turn on the flashlight and measure the
surface area covered by the light rays at this angle.
Record your results. Turn off the flashlight.

Examining the Results

Did you find any differences in the area covered by
the light rays as you varied the angle of the flashlight?
Explain.

Use the experiment results. The expected results
would be that the more perpendicular the rays (90°),
the smaller the area covered by the flashlight beam,
and the more slanted the rays (60° for example), the
larger the area that would be covered. Compare the
illustrations in Figure 4-1.

Did you discover other differences in the area covered
by the light rays as the angle of incidence changed?
Explain.

Again, base the response to this question on the
results obtained by the investigator. However, it is
expected that a greater angle (90°) would cover less
area than a lesser angle (30°). Also, you might find
that the light rays expand at right angles to the
surface as the angle becomes less.

Assume that the unit of light coming through the 1.25
cm (0.5 in.) square opening represents a certain unit
of energy. At which angle would the surface of the
material be receiving the greatest amount of energy?

1t is at the greater angle (higher solar elevation)
that the surface area receives the most energy
because the rays are spread out less.

At which angle would the surface be receiving
the least amount of energy?

The smaller the elevation angle (30°, 20°, 10°) the
less energy received per square centimeter, because
the rays spread out over a greater area.

Over a long exposure to light rays at the various
angles, predict which angle would likely have the
highest temperature reading. Why?

At a higher angle the surface area should have the
highest temperature because the rays are concen-
trated in a smaller area.

What natural factors cause the Sun’s rays to strike
the Earth’s surface at different angles? How could
you find out?

The tilt of the Earth’s axis, the p