20

THE PHYSICAL SETTING

WEATHER AND CLIMATE (48)

The earth has a variety of climatic pat-
terns, which consist of different conditions
of temperature, precipitation, humidity,
wind, air pressure, and other atmospheric
phenomena. These result from a variety
of factors. Climate and changes in climate
have influenced in the past and will
continue to influence what kinds of life
forms are able to exist. Understanding
the basic principles that contribute to
maintaining and causing changes in
weather and climate increases our ability
to forecast and moderate the effects of
weather and to make informed decisions
about human activities that may contribute
to climate change.

The map is organized around four
strands—temperature and winds, water
cycle, atmosphbere, and climate change.
The progression of understanding begins
in the elementary grades with observations
about heat transfer, changes in water
from one state to another, and changes
in weather over the course of a day and
over the course of seasons. By middle
school, the focus is on the water cycle,
patterns of change in temperature, and
the notion of climate change. In high
school, seasons and winds and the water
cycle are related to gravity and the earth’s
rotation, and climate change is related to
natural causes and human activities.

Benchmarks in this map about temper-
ature and winds draw on ideas about heat
transfer and transformation in the ENERGY
TRANSFORMATIONS map. Benchmarks in
the climate change strand are also related
to the SCIENCE AND SOCIETY map. The
widespread use of climate models to
improve our understanding of the earth’s
climate system and climate change sug-
gests a connection to benchmarks in the
MODELS map as well.

NOTES

The left-hand side of the temperature and
winds strand presents a progression of
understanding of seasons. The explanation of
the seasons in terms of the tilt of the earth
requires students to engage in fairly complex
spatial reasoning. For this reason, although
the idea is introduced at the 6-8 grade level
in Benchmarks, the map places it (4B/H3)

at the 9-12 level.

Benchmarks related to the heating of materi-
als and the transfer of thermal energy lay the
conceptual groundwork for understanding
solar heating, global circulation, seasonal
weather patterns and climate, and the effect
of greenhouse gases. To understand how
thermal energy moves in both oceanic and
atmospheric systems, students need to know
that convective currents are an essential
mechanism that aids in that movement. In
middle school, understanding of convection
currents is linked to experiences with rele-
vant phenomena. Understanding convection
in terms of gravity, buoyant forces, and pres-
sure is not expected until high school. It is
not necessary for students to have a molecu-
lar comprehension of thermal energy to be
able to understand atmospheric and oceanic
circulation patterns and their role in climate.

Several lines of conceptual development con-
verge in the new 9-12 benchmark that begins
“Climatic conditions result from....” These
include an understanding of temperature pat-
terns over the earth, atmospheric and
oceanic circulation patterns, and the water
cycle. A double-headed arrow between this
benchmark and another new benchmark
(4B/HO6) on climate change indicates that
they are closely related but that neither is
conceptually dependent on the other.

RESEARCH IN BENCHMARKS

Students of all ages (including college students and adults)
have difficulty understanding what causes the seasons.
Students may not be able to understand explanations of the
seasons before they reasonably understand the relative size,
motion, and distance of the sun and the earth (Sadler, 1987;
Vosniadou, 1991). Many students before and after instruction
in earth science think that winter is colder than summer
because the earth is farther from the sun in winter (Atwood
& Atwood, 1996; Dove, 1998; Philips, 1991; Sadler, 1998).
This idea is often related to the belief that the earth orbits
the sun in an elongated elliptical path (Galili & Lavrik, 1998;
Sadler, 1998). Other students, especially after instruction,
think that the distance between the northern hemisphere
and the sun changes because the earth leans toward the sun
in the summer and away from the sun in winter (Galili & Lavrik,
1998; Sadler, 1998). Students" ideas about how light travels
and about the earth-sun relationship, including the shape of
the earth's orbit, the period of the earth’s revolution around
the sun, and the period of the earth’s rotation around its axis,
may interfere with students’ understanding of the seasons
(Galili & Lavrik, 1998; Salierno, Edelson, & Sherin, 2005). For
example, some students believe that the side of the sun not
facing the earth experiences winter, indicating a confusion
between the daily rotation of the earth and its yearly revolution
around the sun (Salierno, Edelson, & Sherin, 2005).

Although upper elementary students may identify air as
existing even in static situations and recognize that it takes
space, recognizing that air has weight may be challenging
even for high-school students (Sere, 1985; Driver et al.,
1994a; Krnel, Watson, & Glazar, 1998). Students of all ages
(including college students) may believe that air exerts force
or pressure only when it is moving and only downwards
(Driver et al., 1994a; Sere, 1985; Henriques, 2002; Nelson,
Aron, & Francek, 1992). Only a few middle-school students
use the idea of pressure differences between regions of the
atmosphere to account for wind; instead, they may account
for winds in terms of visible moving objects or the movement
of the earth (Driver et al., 1994a).

Before students understand that water is converted to an
invisible form, they may initially believe that when water
evaporates it ceases to exist, or that it changes location but
remains a liquid, or that it is transformed into some other
perceptible form (fog, steam, droplets, etc.) (Bar, 1989;
Russell, Harlen, & Watt, 1989; Russell & Watt, 1990; Krnel,
Watson, & Glazar, 1998). With special instruction, some
students in 5™ grade may be able to identify the air as the
final location of evaporating water (Russell & Watt, 1990),
but they must first accept air as a permanent substance (Bar,
1989). For many students, difficulty understanding the
existence of water vapor in the atmosphere persists in middle
school years (Lee et al., 1993; Johnson, 1998). Students can
understand rainfall in terms of gravity once they attribute
weight to little drops of water (typically in upper elementary
grades), but the mechanism through which condensation
occurs may not be understood until high school (Bar, 1989).

Students of all ages may confuse the ozone layer with the
greenhouse effect, and may have a tendency to imagine that
all environmentally friendly actions help to solve all environ-
mental problems (for example, that the use of unleaded petrol
reduces the risk of global warming) (Andersson & Wallin, 2000;
Koulaidis & Christidou, 1998; Meadows & Wiesenmayer, 1999;
Rye, Rubba, & Wiesenmayer, 1997). Students have difficulty
linking relevant elements of knowledge when explaining the
greenhouse effect and may confuse the natural greenhouse
effect with the enhancement of that effect (Andersson &
Wallin, 2000).

See ENERGY RESOURCES and ENERGY TRANSFORMATIONS
for additional research.
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Because the earth turns daily on an
axis that is tilted relative to the
plane of the earth's yearly orbit
around the sun, sunlight falls more
intensely on different parts of the
earth during the year. The difference
in intensity of sunlight and the
resulting warming of the earth's
surface produces the seasonal
variations in temperature.
4B/H3** (BSL)

The number of hours of daylight
and the intensity of the sunlight
both vary in a predictable
pattern that depends on how far
north or south of the equator
the place is. This variation
explains why temperatures vary
over the course of the year and
at different locations. 4B/M13**
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The temperature of a place on the earth's

surface tends to rise and fall in a
somewhat predictable pattern every day

and over the course of a year. The pattern

of temperature changes observed in a
place tend to vary depending on how far

north or south of the equator the place is,

how near to oceans it is, and how high
above sea level it is. 4B/M12**
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Light and other electromagnetic
waves can warm objects. How much
an object's temperature increases
depends on how intense the light
striking its surface is, how long the
light shines on the object, and how
much of the light is absorbed.
4E/M6**
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A warmer object can
warm a cooler one
by contact or at a
distance. 4E/E2¢
4
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Energy Resources
(p.59)
\

The sun warms the
land, air, and water.
4E/P1

Transfer of thermal energy between
the atmosphere and the land or

Life is adapted to conditions on the
earth, including the force of gravity
that enables the planet to retain an
adequate atmosphere, and an

intensity of electromagnetic waves
from the sun that allows water to be
present in the liquid state. 4B/H1*

Climatic conditions result from
latitude, altitude, and from the
position of mountain ranges,
oceans, and lakes. Dynamic
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_ The earth's climates have changed
" in the past, are currently changing,
~_ and are expected to change in the
future, primarily due to changes in
~~__the amount of light reaching places

on the earth and the composition of

oceans produces temperature
gradients in the atmosphere and
the oceans. Regions at different
temperatures rise or sink or mix,
resulting in winds and ocean
currents. These winds and ocean
currents, which are also affected by
the earth's rotation and the shape

of the land, carry thermal energy
from warm to cool areas. 4B/H2*

In a fluid, regions that have
different temperatures have
different densities. The action
of a gravitational force on regions ~
of different densities causes them
to rise or fall creating currents
that contribute to the transfer

of energy. 4E/H8** (BSL)

Thermal energy carried by ocean currents
has a strong influence on climates around
the world. Areas near oceans tend to have
more moderate temperatures than they
would if they were farther inland but at
| the same latitude because water in the
oceans can hold a large amount of
thermal energy. 4B/M9*
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Thermal energy is transferred through a material
by the collisions of atoms within the material.
Over time, the thermal energy tends to spread
out through a material and from one material
to another if they are in contact. Thermal energy

I

Energy
Transformations
(p. 25)
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Water evaporates from the surface of
the earth, rises and cools, condenses
into rain or snow, and falls again to
the surface. The water falling on land

T~ 4F/MB**

"7~ Energy Transformations

can also be transferred by means of currents in
air, water, or other fluids. In addition, some
thermal energy in all materials is transformed into
light energy and radiated into the environment by
electromagnetic waves; that light energy can be
transformed back into thermal energy when the
electromagnetic waves strike another material.
As a result, a material tends to cool down unless
some other form of energy is converted to
thermal energy in the material. 4E/M3*
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! When warmer things
! are put with cooler
ones, heat is
transferred from the
warmer ones to the
" cooler ones. 4E/E2b*

collects in rivers and lakes, soil, and
porous layers of rock, and much of it
flows back into the oceans. The
cycling of water in and out of the
atmosphere is a significant aspect of
the weather patterns on earth.
4B/IM7*

processes such as cloud
formation, ocean currents,
and atmospheric circulation
patterns influence climates as
well. 4B/H5** (NSES)

The earth has a variety of

climates, defined by average

temperature, precipitation,
humidity, air pressure, and
wind, over time in a

particular place. 4B/M14**
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Flow of Matter
in Ecosystems
(v. 1, p. 77)

Plants on land and under
water alter the earth's
atmosphere by removing
carbon dioxide from it,
using the carbon to make
sugars and releasing
oxygen. This process is
responsible for the oxygen
content of the air. 4C/H1*
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4FIM8**  4D/M9**

| The atmosphere is a mixture
of nitrogen, oxygen, and trace
amounts of water vapor,
carbon dioxide, and other

| > gases. 4B/M15** (NSES)

the atmosphere. The burning of fossil

fuels in the last century has
increased the amount of greenhouse

gases in the atmosphere, which has

A contributed to earth’s warming.
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4B/H6** (SFAA)

/ A
Greenhouse gases in the
atmosphere, such as carbon dioxide
and water vapor, are transparent to
much of the incoming sunlight but
not to the infrared light from the
warmed surface of the earth. When
greenhouse gases increase, more

k atmosphere, and the temperature of

\ the earth increases the light energy
radiated into space until it again
equals the light energy absorbed
from the sun. 4B/H4** (SFAA)
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Climates have
sometimes changed
abruptly in the past
as a result of

™ volcanic eruptions

or impacts of huge
rocks from space.

4B/M6*
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Human activities, such as reducing

the amount of forest cover, increasing
the amount and variety of chemicals
released into the atmosphere, and
intensive farming, have changed the
earth's land, oceans, and atmosphere.
Some of these changes have
decreased the capacity of the
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When liquid water disappears, it
turns into a gas (vapor) in the air
and can reappear as a liquid
when cooled, or as a solid if
cooled below the freezing point
of water. Clouds and fog are
made of tiny droplets or frozen
crystals of water. 4B/E3*

Water can be a liquid or a solid
and can go back and forth from
one form to the other. If water is
turned into ice and then the ice
is allowed to melt, the amount
of water is the same as it was
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layer

the surface of the earth. The

weather. 4B/E5** (NSES)

Conservation
of Matter
(v. 1, p. 57) ~~o_
States of Matter Tl
/’ (v. 1, p. 59) -]
|

Water left in an open
container disappears,
but water in a closed
container does not
disappear. 4B/P3

The temperature and

medium in the same

The earth is mostly rock. Three-
fourths of the earth’s surface is
covered by a relatively thin
layer of water (some of it
frozen), and the entire planet is
surrounded by a relatively thin

The weather is always changing and
can be described by measurable g
quantities such as temperature,

wind direction and speed, and
precipitation. Large masses of air
with certain properties move across

movement and interaction of these
air masses is used to forecast the

amount of rain (or snow)
tend to be high, low, or

months every year. 4B/P1*

of air. 4B/M2ab*
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Air is a material that

surrounds us and takes ~ Atoms and Molecules

Al _ (v.1,p.55)
up space and whose Flow of Matter in Ecosystems
movement we feel as (v. 1,p.77)

wind. 4B/E4*

Changes in the
Earth’s Surface
(v. 1, p. 51)

A

environment to support some life
forms. 4C/M7

Use of Earth’s
Resources (p. 23)
Interdependence
of Life (p. 33)

temperature and winds

before freezing. 4B/P2

water cycle

atmosphere

Change is something that
happens to many things.
4C/P2

climate change





