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\)@ Protocols

Daily measurements within one hour of local solar noon:
precipitation (rain or snow) including precipitation pH
maximum and minimum temperature for the last 24 hours

(if using a Digital Multi-Day Max/Min thermometer this can
be read at anytime of day)

At least one measurement per day:
cloud cover and type and contrail cover and type
aerosols
water vapor
relative humidity
snow pack
current temperature
surface temperature
ozone

Suggested Sequence of Activities

* Read the Introduction, especially the sections What Measurements Are Taken and Getting
Started.

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

* Review the protocols and plan which measurements your students will take; feel free to
start with an easily sustained level of effort and then expand.

* Order any new or replacement instruments required.

* Cloud measurements are the easiest place to start and are required for several other
protocols; do these activities with your students before beginning cloud observations:

Observing, Describing, and Identifying Clouds
Estimating Cloud Cover: A Simulation

¢ Install the instrument shelter which is required for taking air temperature measurements.

* Check the calibrations of your instruments (thermometers and barometer or altimeter).

* Have students define their Atmosphere Study Site and submit site definition data to
GLOBE.

* Install your rain gauge and barometer or altimeter and plan out measurement
logistics (such as where will required instruments and materials stay, timing and time
requirements, etc.).

* Choose which Atmosphere Data Sheets your students will use and copy them.

* Copy the Field Guides for the protocols your students will follow.

* Teach students how to take the measurements following the Field Guides, record their
readings on the Data Sheet(s), and report data to GLOBE.

* Transfer to the students as much responsibility as practical for taking measurements and
reporting data.

» Have students look at their data and comparable data from other schools.

 [Engage students in inquiry and help middle and secondary students conduct student
research projects using the Looking at the Data sections of the protocols.
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Scientists are investigating the atmosphere.
They want to understand and predict:

Weather (the air temperature, rain, snow,
relative humidity, cloud conditions, and
atmospheric pressure and the coming
and going of storms);

Climate (the average and extreme
conditions of the atmosphere);

Energy Budget (Land-Atmosphere
interactions); and

Atmospheric Composition (the trace gases
and particles in the air).

Each of these characteristics of the atmosphere
affects us and our environment. What we wear
and what we can do outside today depend on
weather. Is it raining? Snowing? Sunny? Cold?

How we build our homes and schools, what
crops we grow, what animals and plants
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naturally live around us all depend on climate.
Does rain come mainly in winter or summer or
every day? Do we get frost or snow? How long
do dry spells last?

The composition of the atmosphere affects how
our air looks and feels and how far we can see.
On days when clouds don't completely cover
the sky, does the sky look blue or milky? Does
it ever have a brown tint? Do sunsets have lots
of red color? All these are dependent on the
composition of our air.

GLOBE scientists want several types of
atmosphere data from schools to help in their
investigations. As a GLOBE student, you can
do research on the atmosphere, too. You can
investigate your local weather, climate, and
atmospheric composition and how these vary
from place to place, season to season, and year
to year. You will learn more about the air around

you.
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Why Investigate the
Atmosphere?

We humans may live on land, but we live and
move and breathe in the atmosphere. The
atmosphere gives us the oxygen we breathe and
carries off the carbon dioxide we exhale. The
atmosphere filters out most harmful forms of
sunlight and traps outgoing heat from Earth’s
surface. The atmosphere transports energy from
the equator to the poles making the whole planet
more liveable and brings the moisture evaporated
from lakes and oceans to the dry land so that we
have water to drink and to sustain our agriculture.
We are creatures of the atmosphere and depend
on its temperature, structure, composition and
the moisture it carries.

Weather

On a day-to-day basis, we want to know many
things about the weather we will encounter today.
For example, we might like to know what the air
temperature will be and whether it will rain 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. We
want to be sure the air we breathe is good for
us. We want warnings so that we may protect
ourselves and our property from severe storms.

Climate

We also want information about the atmosphere
on a longer term basis. Farmers need to know
if their crops will get enough rain. Ski resorts
need to know if enough snow will fall. Insurance
underwriters for areas struck by hurricanes would
like to know how many hurricanes to expect in
a given year and how strong they will be when
they make landfall. Nearly everyone would like
to know what the weather is going to be not only
tomorrow or the next day, but next week, and what
the climate will be six months, a year, or even ten
years from now!

People have long said, “Everyone complains about
the weather, but no one does anything about it.”
Today, scientists are working hard to understand
and predict the full range of atmospheric

phenomena, from storms to ozone. Atmospheric
scientists study not only what is going on with
the atmosphere today, but why it was a certain
way in the past and what it will be like in the
future. While controlling the weather is generally
beyond human ability, the collective effects of
human activity influence weather, climate, and
atmospheric composition.

Scientific understanding of the atmosphere
and the ability to forecast its future state grows
through the application of fundamental laws and
extensive observations. Since we care about the
atmosphere on scales ranging from the individual
farm to the entire globe and on timescales from a
few minutes in severe storms to decades for the
climate, vast quantities of data are needed.

Scientists Need GLOBE Data

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 air temperature and
precipitation. Even in regions where there seems
to be an abundance of data, scientists still do not
know how much precipitation and temperature
vary over relatively short distances. Official weather
monitoring stations have contributed much data
for a century or more in some locations while
satellite technology has given us pictures of large
areas every 30 minutes and global images at least
twice daily for decades. Some areas have special
monitors of atmospheric gases, and increasingly,
airports monitor winds, not only at the ground, but
up to heights of several kilometers. Despite all these
wonderful efforts, there are gaps in coverage. The
atmosphere varies significantly within these gaps,
and GLOBE student measurements can improve the
coverage for many types of observations.

Atmospheric conditions have an important
impact on the types of plants and animals that
live in a certain area, and even on the kind of soil
that forms there. The measurements that students
take for the GLOBE Atmosphere Investigation
are important to scientists who study weather,
climate, land cover, phenology, ecology, biology,
hydrology, and soil.
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The Big Picture
The Nature of the Atmosphere

Earth’s atmosphere is a thin layer of gases
composed of about 78% nitrogen, 21% oxygen,
and 1% other gases (including argon, water vapor,
carbon dioxide, and ozone). There are also solid
and liquid particles called aerosols suspended in
this layer. The atmosphere is held to the planet by
gravity with the result that atmospheric pressure
and density decrease with height above Earth’s
surface. See Figure AT-1-1.

Temperature also varies with height in the
atmosphere (Figure AT-1-2), but in a more
complex way than pressure and density. About
half the sunlight shining on Earth passes all the
way through the atmosphere and warms the
surface. The warm ground then heats the air at
the surface. Temperature generally decreases to
heights of 8 to 15 km, depending on latitude. This
defines the lower atmosphere or troposphere
where most weather happens.

Ultraviolet sunlight is absorbed by oxygen to
form the ozone layer and is also absorbed by
ozone itself. This absorption warms the middle
atmosphere, causing the temperature to rise with
height from the top of the lower atmosphere to
50 km (the stratosphere) and then to fall with

Figure AT-1-1

height to roughly 80 km (the mesosphere).
Above this height, in the thermosphere, the
density of the air is so reduced that many
different phenomena begin to be important. At
these heights, absorption of x-rays and extreme
ultraviolet light from the sun ionizes the gases
of the atmosphere and heats the air. The ions
are affected by Earth’s magnetic field and also
by the solar wind. At great distances from the
planet’s surface, the atmosphere trails off into
the interplanetary medium. The density of the
atmosphere decreases until it is the same as that
of interplanetary space.

There are differences in the atmosphere at
different latitudes as well as different heights. The
intensity of sunlight at Earth’s surface varies with
latitude. Sunlight is most intense in the tropics
and least intense near the poles. The tropics are
heated more than the poles, and the atmosphere
along with the oceans transport heat from the
equator toward the poles. The result is a large
scale circulation of the atmosphere which is
described in the Earth As A System chapter.

Through the motion of the atmosphere, all
the different places on Earth are connected
together on timescales of hours to days to
months. Changes in one part of the world result
in changes in other areas.

Figure AT-1-2
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Weather and Climate, the
Atmosphere Over Time

Weather and climate are not the same. By weather
we mean what is happening in the atmosphere
today, tomorrow, or even next week. By climate we
mean weather averages, variability, and extremes
over time. For example, in a certain city the current
temperature may be 25° C; this is weather. If
instead 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 vary over time and that the
composition of the atmosphere has changed.
For example, images from certain satellites
show that great rivers used to run through the
Egyptian Desert. We also know that thousands
of years ago, glaciers were present in places like
New York City where today air conditioning is
routinely used to cope with summer heat. If Earth
was so different in the past, can we predict what
might happen in the future? Predicting climate
is a major goal of Earth Science today.

GLOBE Measurements

What Measurements Are Taken?
Different GLOBE measurements are useful in

investigating weather, climate, and atmospheric
composition.

Weather

Cloud Cover and Type

Contrail Cover and Type

Barometric Pressure

Relative Humidity

Water Vapor

Precipitation

Maximum, Minimum, and Current
Temperatures

Surface Temperature

Wind speed and direction (if you have
automated equipment)

Climate

Cloud Cover and Type

Contrail Cover and Type

Aerosol Optical Thickness

Relative Humidity

Precipitation

Water Vapor

Maximum, Minimum, and Current
Temperatures

Surface Temperature

Wind speed and direction (if you have
automated equipment)

Complemented by:

Soil Temperature

Soil Moisture

Green-Up

Green-Down

Atmospheric Composition

Aerosol Optical Thickness

Water Vapor

Relative Humidity

Precipitation (pH)

Surface Ozone

Supported by measurements of:
Clouds, Barometric Pressure, Wind
Direction, and Current Temperature.
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Individual Measurements
Cloud Cover and Type

Clouds play an important role in Earth’s weather
and climate. Clouds also obscure (block out)
the ground when the Earth is viewed from space.
Therefore, satellites cannot observe the ground
when it is cloudy and that can affect many scientific
investigations, such as surface temperature.

Contrail Cover and Type

When a jet aircraft passes through a portion of
the atmosphere having just the right combination
of moisture and temperature it will form a
linear cloud. These are known as contrails, or
condensation trails. In some areas, jet traffic
is causing a noticeable increase in cloudiness,
which may affect both weather and climate. As
part of the GLOBE Cloud Protocols, students use
their eyes to determine the percentage of the sky
that contrail’s cover. They also count the contrails
and categorize them into three types as given in
the protocol. By quantifying the contrails present
in the sky, students provide critical information
needed to study how much of an affect these
contrails are actually having on the weather that
we experience.

Aerosol Optical Thickness

Small airborne liquid and solid particles, called
aerosols, in the atmosphere affect whether the
sky looks blue or milky, clear or hazy. They also
influence the amount of sunlight that reaches
Earth’s surface. Using a sun photometer and a
voltmeter to measure the intensity of sunlight
reaching the surface, GLOBE students and
scientists can determine aerosol amounts (aerosol
optical thickness). Satellites infer this property
of the atmosphere using remote sensing, while
ground-based observations provide direct
measurements to determine aerosol concentration.
These two types of data complement one another,
and student measurements can add greatly to the
few ground-based professional monitoring stations
currently collecting aerosol data.

Water Vapor

Water vapor in the atmosphere varies considerably
in time and from place to place. These variations
are related to both weather and climate. Clouds

are formed from water vapor. Water vapor is
the primary greenhouse gas that helps control
temperatures in the lower atmosphere and on
Earth’s surface. Although the presence of water
vapor near Earth’s surface is easily discernible in the
form of clouds and relative humidity, there are still
many questions about atmospheric water vapor.
Using a handheld GLOBE/GIFTS water vapor
instrument to measure the intensity of the sunlight
reaching the surface in specific wavelengths,
GLOBE students and scientists can determine
the amount of atmospheric water vapor present.
Despite its importance, the global distribution
and temporal variability of water vapor is not well
known. Therefore, student measurements will be
useful to scientists as they work to learn more
about atmospheric water vapor.

Relative Humidity

The amount of water vapor in the air compared
to the maximum amount of water vapor air at
the same temperature and pressure can hold is
referred to as relative humidity and is expressed
as a percentage. Satellites can sense the amount
of water in the atmosphere, but generally these
measurements are averages over large regions
(>10s of kilometers). Humidity may vary over
much a smaller distances. Using either a sling
psychrometer or a digital hygrometer to measure
relative humidity, GLOBE students can expand
the total set of humidity data and help scientists
to gain a better understanding of its variations
on small scales.

Precipitation

Rain and snow vary significantly over distances
less than 10 km. In order to understand the local,
regional, and global water cycles, we must know
how much precipitation falls at many different
locations around the world. Student observations
using rain gauges and snow boards help provide
improved sampling of rain and snow amounts
and support improved understanding of weather
and climate.

In addition to measuring the amount of
precipitation, GLOBE students measure the
pH of rain and melted snow. Knowing the pH
of precipitation that falls in a particular area
is often essential to understanding the pH of
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the soil and water bodies in that area. Student
pH measurements establish a local basis for
tracking changes in the input of acidity to the
environment and can help scientists better map
the fate of atmospheric chemicals.

Temperature

Air temperature varies throughout the day in
response to direct solar heating and from day to
day as weather systems move around the globe.
Average air temperature also changes with the
seasons. Scientists want to know both the extremes
of temperature and the average temperature for
time periods ranging from 24 hours to a month,
a year, or longer. GLOBE students measure
maximum and minimum temperatures for a 24-
hour period beginning and ending within one
hour of local solar noon. Scientists studying the
climate of our planet are interested in finding out
if the temperature at different places is changing,
and if so, what patterns can be seen in these
changes. Local temperature measurements, such
as those taken by GLOBE students, aid scientists
in answering these and other important questions
regarding Earth’s climate. Human settlement
combined with variations in elevation and distance
from water bodies produce local variations in
temperature and GLOBE schools provide valuable
detail for understanding changes even if there are
official weather stations nearby.

There are a variety of options for measuring air
temperature. The preferred method is to use
a digital multi-day max/min thermometer as
described in the Digital Multi-Day Max/Min/
Current Air and Soil Temperatures Protocol.
This thermometer logs six days of maximum
and minimum temperature data and has a
soil probe that allows you to also collect soil
temperatures. A U-shaped liquid-filled or digital
single-day max/min thermometer can also be
used as described in the Max/Min/Current Air
Temperature Protocol, and must be read and
reset everyday in order to obtain a continuous
temperature record. Additionally, automated
devises that log data may be utilized as described
in the Automated Soil and Air Temperature
Monitoring Protocol and Automated Weather
Station Protocols that are available in the
electronic version of the Teacher’s Guide.

Surface Temperature

Described scientifically, surface temperature is
the radiating temperature of the ground surface.
Knowledge of surface temperatures is key to
studying the energy cycle — the transfer of heat
in your surrounding environment. The transfer
of heat between the different components of the
environment occurs at their boundaries, and
surface temperature measurements provide the
temperatures at these boundaries. Therefore,
measurements of surface temperature help to
relate air, soil, and water temperatures and
contribute critically to the study of the energy
cycle. Students can take surface temperature
readings using a hand-held Infrared Thermometer
(IRT). Measurements of surface temperatures are
essential for climate studies, comparison with
satellite data and to improve the understanding
of the global energy balance.

Surface Ozone

Ozone (O,) is a highly reactive gas present in the
air around us. Knowing the amount of ozone in the
air is important for understanding the chemistry of
the atmosphere and its effect on the health of plants
and animals, including us. Ozone concentrations
are measured in units of parts per billion (ppb)
and can vary over small spatial scales. Local
measurements are required for scientists to track
these local variations in ozone concentrations in
the atmosphere. GLOBE scientists have developed
a straightforward technique for students to
measure ozone at their schools by exposing
chemically treated strips to the air and measure
their change in color with a hand-held reader.
These student observations complement and
extend the limited number of ozone monitoring
stations currently in existence.

Where are measurements taken?

Atmosphere measurements are taken at the
Atmosphere Study Site. This site is usually
located on school grounds and should be within
easy walking distance of your classroom so
that students can take data daily in a minimum
of time. Generally, the more open the site
the better. Significant obstructions should be
avoided, including trees and buildings near the
Instruments.

GLOBE® 2005

Introduction - 6

Atmosphere



If your school does not have a suitable ground
level location for safe, permanent installation
of atmosphere instruments, use of roof sites
and automated equipment can be considered.
However, roof sites are not suitable for the
Surface Temperature Protocol! Consult the
Optional Protocols in this chapter for more
guidance.

When are measurements taken?

The GLOBE atmosphere measurements should
be taken on a daily basis, at specific times of day.
See Figure AT-1-3. Taking daily measurements at
the same time of day, allows easier comparison of
measurements over the year and around the world.
For GLOBE, many atmospheric observations
should be made within one hour of local solar
noon, and readings of daily total precipitation and
maximum and minimum temperature are only
acceptable if they are made within this 2-hour
time period. Each of these measurements covers
a roughly 24-hour period beginning within one
hour of local solar noon on one day and continuing
to within one hour of local solar noon on the next
day. See Table AT-I-1.

Cloud and contrail observations, relative
humidity readings, surface temperature, and

current temperature measurements are also
taken within one hour of local solar noon, but
these observations can be reported for other
times of day as well.

The digital multi-day max/min thermometer
may be read at any time provided that it was
reset within one hour of local solar noon.

Automated measurements are collected
continuously at 15-minute intervals. This enables
useful measurement of wind speed.

Local solar noon is the key time for taking GLOBE
atmosphere measurements. See the section 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 measurements during their
lunch break or during a mid-day recess.

Solar Noon

Solar noon is the term used by GLOBE for the time
when the sun appears to have reached its highest
point in the sky during the day. An astronomer,
for example, would refer to the same time as local
apparent noon. Solar noon generally is not the same

Figure AT-1-3
The Range of Times of Day for Taking a Complete Set
of Daily Atmosphere Observations
Mid- Solar Mid-
morning Noon afternoon

| | | | |
—

Aerosol

Water Vapor —
Pressure Max/Min/Current Temperature
Current Temp. Precipitation

Clouds and Contrails
Expose Ozone Strip
Wind Direction
Relative Humidity
Surface Temperature

————

Ozone Reading
Wind Direction
Clouds and Contrails
Current Temperature
Relative Humidity
Surface Temperature

Clouds and Contrails
Relative Humidity
Surface Temperature
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Table AT-I-1

Taken within one hour
of local solar noon

Measurement

Other times measurements
may be taken

Cloud Cover and Type | Yes

Contrail Cover and

Required in support of aerosols, water vapor,
surface temperature, ozone, and water

Type transparency measurements; additional times
are acceptable

Aerosols Variable. Ideal time When the sun is at least 30° above the horizon

Water Vapor varies with location or at local solar noon when the sun doesn’t

and season reach 30° above the horizon; additional times
are acceptable
Relative Humidity Yes for the Additional times are acceptable. Required in

psychrometer; the
digital hygrometer
reading may be
reported up to one
hour later at the same
time as the ozone

support of aerosols, water vapor, and ozone.

measurement
Precipitation Yes No
Current Temperature | Yes Required for comparison with soil

temperature measurements and in support of
aerosols, water vapor, ozone, and relative
humidity measurements; additional times are
acceptable

Surface Temperature | Not required

Important for comparisons with soil and
current temperature measurements

Maximum and Yes

Minimum Temperature

No

Barometric Pressure Not required

Within one hour of aerosols and water vapor
measurements if they are taken;
otherwise as convenient

The observation is

started at this time

and completed one
hour later

Ozone

Other one-hour periods are acceptable
in addition to the near-noon measurement

as noon on your clock. The time of local solar
noon depends on your location within your time
zone, the time of year, and whether or not daylight
savings time is in effect. Solar noon does occur,
however, half-way between sunrise and sunset
when the sun crosses the horizon. It is the point
during the day when shadows are the shortest.

An easy way to determine local solar noon is to find
a newspaper from your town or one nearby that
gives times of sunrise and sunset and to calculate
the average of these times. First, convert both times
to 24-hour clock times by adding 12 to any p.m.
times, then add the two times and divide by two.
This is the time of solar noon. See Table AT-1-2.
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Table AT-I-2

Example: 1 2 3 4
Sunrise (am or 24-hour

7:02 am. 6:58 a.m. 7:03 am. 6:32 am.
clock are the same)
Sunset 543 p.m. 5:46 p.m. 8:09 p.m. 5:03 p.m.
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 that the (unchanged) | 24 hr 44 min |26 hr 72 min | 22 hr 95 min
number of hours is even)
Divide by 2 12hr22.5min| 12 hr 22 min | 13 hr 36 min |11 hr 47.5 min
Local Solar Noon (rounded 1:36 p.m.
to the nearest minute 12:23 pm. 12:22 p.m. or 13:36 11:48 am.

Note that this is an example of doing arithmetic in base 60.

How many students should be involved?

A single student can take any of the atmosphere
measurements. However, it is a good idea to have
asmall group of students take readings so they can
check each other. It also helps to have a partner
to write down readings as they are made. Aerosols
and water vapor measurements are difficult for
one person to take alone. GLOBE recommends
teams of 3 students as ideal for taking most
measurements.

Many observations can either be taken by the
group as a whole, or can be taken individually
and then compared. If the readings are taken
individually, the group must remember to empty
the rain gauge and reset the thermometer only
when all students are finished.

Ideally, pH measurements are taken by three
different groups of students using three different
samples of rain or melted snow. In all cases,
taking three measurements is expected. These
three results are averaged and compared as part
of data quality control.

Rotating groups through the class (or classes)
on a periodic basis will give all students an
opportunity to participate. Having multiple
groups take precipitation or maximum and
minimum temperature measurements at different
times on the same day is discouraged because it
opens the door to confusion in emptying the rain
gauge, resetting the 1-day maximum/minimum
thermometer, and reporting the data.

The estimates of cloud type, cloud cover,
contrail type, and contrail 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 more subtle distinctions in
cloud types.

How long does it take to do the
measurements?

The amount of time required to take the atmosphere
measurements will vary depending on the location
of your Atmosphere Study Site(s), how many
students are on the team taking the data, student
age and familiarity with the measurements, and
the actual conditions encountered on a given day.
See Table AT-1-3.

Getting Started

You and your students can investigate the
atmosphere at your own study site and cooperate
with scientists and other students to monitor
the global environment. The atmosphere is one
critical component of the global environment,
and you can help compile a global database of
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Table AT-1-3

Measurement

Approximate
Time required
(in minutes)

Cloud and contrail cover
and type

10

Aerosols including
supporting measurements

15-30

Water Vapor including
supporting measurements

15-30

Aerosols and water vapor
combined including
supporting measurements

20 -40

Relative Humidity

5-10

Precipitation

5-10

Precipitation pH using
meter including calibration

10

Handling of snow samples
in the classroom

for snow or snow pack
water equivalent

Snow water equivalent
once the snow has melted

1-day maximum, minimum,
and current temperature

Multi-day max/min/current
air and soil temperature

Surface temperature including
supporting measurements

10-20

Ozone deploying the strip
and taking supporting
measurements

10

Ozone reading the strip
and taking supporting
measurements

10-15

Entire set of local solar
noon measurements:
clouds and contrails,
relative humidity,
precipitation amount and
pH, max/min/current
temperature, surface
temperature, and
deploying the ozone strip*

15-25

*Taking aerosols or water vapor with this set
should only add 5-10 minutes each.

atmospheric measurements that will aid in the
long-term understanding of how the atmosphere
is changing.

Keep a permanent record of your GLOBE data
at your school. The atmospheric data that
students gather should not only be submitted
to the GLOBE data server, but should also be
recorded permanently in the GLOBE Data Log
for the school. A notebook of the Data Sheets
filled in by the students can serve this purpose.
See the Implementation Guide chapter for a
description of the Data Log and its importance.
Students should take pride in the fact that they
are contributing to a long-term atmospheric
data set at their school.

As your local data set grows, you should engage
students in looking at their data. Each protocol
of this chapter includes a Looking At the Data
section, which outlines how to judge whether
the data are reasonable and describes what
scientists look for in data of this type. Most of
them also contain a sample student investigation
using data from the protocol. Review these
sections for ideas on how to use GLOBE data for
student learning about weather.

You and your students can approach the
study of the atmosphere in many different
ways, but three major themes that can be
studied using the measurements you take in
GLOBE are: weather, climate, and atmospheric
composition. The sections below describe how
the GLOBE Atmosphere Protocols contribute to
an understanding of each of these areas that
may be part of your curriculum.

Weather

Perhaps your students study weather. If so,
their GLOBE work can become an integral part
of this learning. By “weather” we mean the
current condition and short-term changes in the
atmosphere. Students may be familiar with weather
reports and forecasts, and you could introduce the
GLOBE protocols by asking them to explain what
they think “weather” means. They will probably
mention things like the temperature, whether it’s
raining or snowing, whether its cloudy, whether
its windy and the direction of the wind. Some
students may also mention barometric pressure,

GLOBE® 2005
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cloud types, and humidity. All of these are aspects
of what meteorologists mean by “weather,” and
all can be measured in GLOBE. Thus, by doing
GLOBE measurements, your students can begin
to measure, monitor, study, track and forecast the
weather.

Here is a suggested sequence for introducing
GLOBE measurements through the study of
weather.

1. Cloud and contrail measurements are the
easiest place to start. They require only
a cloud chart and the human eye. Two
learning activities are good to do before
beginning the actual cloud cover and
cloud type protocols:

*Observing, Describing, and Identifying
Clouds
* Estimating Cloud Cover: A Simulation

2. In order to submit your cloud cover and
cloud type observations, you need to
define an Atmosphere Study Site and
submit site definition data to GLOBE.
You may want do this before you set
up the instrument shelter, so that if you
experience delays in getting your shelter
set up, you can still define your site and
submit your cloud data.

3. You also can begin taking aerosols,
water vapor, relative humidity, surface
temperature, and barometric pressure
readings without having the instrument
shelter.

4. Current temperature measurements can
also be taken without the instrument
shelter. When you are able to install
the instrument shelter you will be able
to take and submit daily maximum
and minimum air temperature
measurements.

5. Taking and submitting liquid
precipitation measurements requires
the installation of a rain gauge on a
post, but you can measure snow depth,
liquid equivalent, and pH without the
installation of the rain gauge.

6. If you use certain automated weather
stations, you can add wind speed and

direction to your set of GLOBE data
following optional protocols.

7. You must check the calibrations of your
instruments (thermometers, barometer
or altimeter, sling psychrometer) before
you begin.

Try your hand at forecasting. One interesting
way for students to use the data they collect
is to try to make weather forecasts using their
own data and to compare their forecasts to
those of professional meteorologists. Who is
more accurate? What data are most helpful in
making a prediction? What additional data do
the professionals use that are not available to
students? There are many interesting questions
that can be pursued.

Climate

Climate is another major topic that your students
may study and that can be explored using GLOBE
measurements and data. “Climate” is the long-
term trend of the atmosphere and other variable
aspects of the environment. There is an old saying,
“Climate is what you expect. Weather is what
you get.” Climate refers to averages and extremes
of temperature, clouds, precipitation, relative
humidity and their annual patterns.

Through looking at GLOBE data from their own
school and from other sites around the world,
students can begin to gain an appreciation for
climate patterns and what causes them. They
can notice seasonal trends, variations based
on latitude, and variations based on proximity
to large bodies of water. By using the GLOBE
student data archive, students can compare
the climate of their school, nearby schools, and
schools in widely varying spots around the
globe.

Students can take it as a challenge to build a
long-term database that describes the climate of
their locality. Most newspapers publish monthly
summaries of the weather and compare them
to climatic expectations. If not, then consult
the meteorologist at your local airport or radio/
TV station. These climatologies can provide
the basis for interesting discussions of what is
“normal” for your locale. Has it been a wetter than
normal month? Hotter? Cooler? Cloudier? Using
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their GLOBE data and local climatic information,
students can begin to answer these questions
and think about how their climate may be
changing.

To study climate your students will use the same
atmosphere protocols as for weather, except
they need not measure or look up barometric
pressure. Routine measurements of daily
amounts of precipitation and maximum and
minimum air temperatures are critical for climate
study. Measurements of soil temperature and
moisture and of phenology are also important
in studying climate. The temperature of water
bodies and when they are dry or frozen are also
useful. Students can think about and debate
which of the GLOBE measurements are most
important for describing the climate.

In order to study climate using GLOBE
measurements, you will want your students to
access data from other schools using the GLOBE
Web site. GLOBE provides graphing tools online
and the ability to download a school’s data as
a table that can be imported into other data
analysis programs such as a spreadsheet.

Atmospheric Composition

Perhaps your students study the composition of
the atmosphere. They can use three of the GLOBE
Atmosphere Protocols — Aerosols, Water Vapor and
Surface Ozone — to enhance their study. These can
also be considered aspects of the weather and
climate. Aerosols and water vapor affect visibility
and the passage of sunlight and heat through the
atmosphere while ozone levels have short and
long term effects on plant and animal life and
long term effects on all materials exposed to the
atmosphere.

These protocols can be carried out without the
installation of any permanent equipment, so even if
you cannot install an instrument shelter and a rain
gauge, you can still do these three measurements.
However, for the Surface Ozone Protocol you will
need to measure cloud and contrail cover and type,
wind direction, and current temperature (using
the alternative protocol that does not require the
instrument shelter). For the Aerosols and Water
Vapor Protocols you will need to record cloud and
contrail cover and type, relative humidity, and
current temperature, and may measure barometric

pressure or obtain values from other sources or
from GLOBE.

Getting Ready

To prepare yourself to lead students through an
atmosphere investigation using GLOBE, read the
introductory sections of the Atmosphere chapter of
the GLOBE Teacher’s Guide. Familiarize yourself
with the scientific background information
provided. Then take a look at the sections What
Measurements are Taken. Decide which theme or
set of questions your students should pursue and
which measurements are appropriate for their
study. Think about how to introduce GLOBE
to your students as an opportunity for them to
participate with scientists and other students
in monitoring the global environment, and
think about what projects and analyses your
students can accomplish as they approach the
atmosphere through the lens of weather, climate,
or atmospheric composition.

If age appropriate, copy and distribute to
students the section of the chapter entitled Why
Investigate the Atmosphere in order to give them
an understanding of why each measurement is
scientifically important. Discuss the importance
of both a global and a detailed local database
to understand the environment and how they
can contribute to this by submitting consistent
accurate data to GLOBE. Engage the students
in asking questions they can answer through
taking and looking at data.

Review the specific protocols and plan which
measurements your students will take. Feel free
to start with an easily sustained level of effort
that supports your educational objectives and
then expand.

Obtain the instruments you will need and
calibrate them if necessary. Set up your instrument
shelter and rain gauge if you will be measuring
maximum and minimum temperature and liquid
precipitation.

Make photocopies of all the Data Sheets and field
guides that students will need.

Prepare a notebook to serve as your school’s Data
Book.

Then, begin doing the GLOBE Atmosphere
Investigation!

GLOBE® 2005
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Educational Objectives

Students participating in the activities presented in
this chapter should gain scientific inquiry abilities
and understanding of a number of scientific
concepts. These abilities include the use of a variety
of specific instruments and techniques to take
measurements and analyze the resulting data along
with general approaches to inquiry. The Scientific
Inquiry Abilities listed in the grey box are based on
the assumption that the teacher has completed the
protocol including the Looking At the Data section.
If this section is not used, not all of the Inquiry
Abilities will be covered. The Science Concepts
included are outlined in the United States National
Science Education Standards as recommended by
the US National Research Council and include
those for Earth and Space Science and Physical
Science. The Geography Concepts are taken from
the National Geography Standards prepared by the
National Education Standards Project. Additional
Enrichment Concepts specific to the atmosphere
measurements have been included as well. The
gray box at the beginning of each protocol or
learning activity gives the key scientific concepts
and scientific inquiry abilities covered. The
following tables provide a summary indicating
which concepts and abilities are covered in which
protocols or learning activities.

\ uonpnpouj /
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Basic Protocols

Adv. Protocols

National Science Education Standards

Clouds

Humidity

Precip.

Temp.

Aerosols

QOzone

Earth and Space Science Concepts

Weather can be described by quantitative measurements

Weather can be described by qualitative observations

Weather changes from day to day and season to season

Weather varies on local, regional, and global spatial scales

Clouds form by condensation of water vapor in the atmosphere

Clouds affect weather and climate

Precipitation forms by condensation of water vapor in the atmosphere

The atmosphere has different properties at different altitudes

Water vapor is added to the atmosphere through evaporation and
transpiration from plants

The atmosphere is composed of different gases and aerosols

The sun is a major source of energy for changes in the atmosphere

The diurnal and seasonal motion of the sun across the sky can be
observed and described

The water vapor content of the atmosphere is limited by pressure
and temperature

Condensation and evaporation affect the heat balance of the aumosphere

Materials from human societies affect the chemical cycles of Earth

Dynamic processes such as Earth’s rotation influence energy transfer
from the sun to Earth

The atmosphere has changed its composition over time

Water circulates through the crust, oceans, and atmosphere

Global patterns of atmospheric circulation influence local weather

Oceans have a major affect on global climate

Solar insolation drives atmospheric and ocean circulation

The sun is the major source of energy for Earth surface processes

The sun is the major source of energy at Earth’ surface

Solar isolation drives atmospheric and ocean circulation

Physical Science Concepts

Materials exist in different states — solid, liquid and gas

Heat transfer occurs by radiation, conduction, and convection

Substances expand and contract as they are heated and cooled

Light radiation interacts with matter

The sun is a major source of energy on the Earth’s surface

Energy is transferred in many ways

Heat moves from warmer to cooler objects

Light/ radiation interacts with matter

The sun is a major source of energy for changes on the Earths surface

Energy is conserved

Life Science Concepts

Sunlight is the major source of energy for ecosystems

Energy for life drives mainly from the sun

General Science Concepts

Scale models help us to understand concepts

Visual models help us to analyze and interpret data

* See the electronic version of the complete Teacher’s Guide on CD-ROM or GLOBE Web site.
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Adv. Protocols

Learning Activities

Water Surface | Estimate Cloud Observe Study Build a Draw Use Contour | Make a Hazy Air Model
Vap. Temp Cloud Watch. Clouds Instr. Thermo- | Visuals®* | Visuals® Map* Sundial Skies Mass ppv*
Cover Shelter* meter*
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Basic Protocols

Adv. Protocols

N . Clouds |Humidity | Precip. Temp. Aerosols Ozone
National Science Education Standards
Geography Concepts
The temperature variability of a location affects the characteristics of -
Earth’s physical geographic system
The nature and extent of cloud cover affects the characteristics of Earth’s -

physical geographic system

The nature and extent of precipitation affects the characteristics of
Earth’s physical geographic system

Human activities can modify the physical environment

Water vapor in the atmosphere affects the characteristics of Earth’s
physical geographic system

Measurements of atmospheric variables help to describe the physical
characteristics of an environment

The physical characteristics of a location depend on its latitude and
relation to incident solar radiation

Geographic visualizations help to organize information about places,
environments, and people

The concentration of water vapor varies significantly from place to place,
and depends on altitude, latitude, and climate

* See the electronic version of the complete Teacher’s Guide on CD-ROM or GLOBE Web site.
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Adv. Protocols Learning Activities
Water Surface | Estimate | Cloud Observe Study Build a Draw Use Contour | Make a Hazy Air Model
Vap. Temp Cloud Watch. Clouds Instr. Thermo- | Visuals* | Visuals* Map* Sundial Skies Mass ppv*
Cover Shelter* meter®
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Basic Protocols

Adyv. Protocols

National Science Inquiry Standards

Clouds

Humidity|

Precip.

Temp.

Aerosols

Ozone

‘Water
Vapor

Surface
Temp.

General Scientific Inquiry Abilities

Use appropriate tools and techniques

Construct a scientific instrument or model

Identify answerable questions

Design and conduct scientific investigations

Use appropriate mathematics to analyze data

Develop descriptions and explanations using evidence

Recognize and analyze alternative explanations

Communicate procedures and explanations

Specific Scientific Inquiry Abilities

Use a thermometer to measure temperature

Use a cloud chart to identify cloud type

Estimate cloud cover

Use a rain gauge to measure
rainfall and rain equivalent of snow

Use pH paper, pens, or meters to measure pH

Use meter sticks to measure snow depth

Use a sun photometer and voltmeter to measure the
amount of direct sunlight

Use ozone strips and a strip reader to measure in situ
ozone concentrations

Use a weather vane to identify wind direction

Use a barometer or altimeter to measure barometric pressure

Use a hygrometer or sling psychrometer to measure
relative humidity

Use instrument to measure atmosphere water vapor content

Use an infrared thermometer
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Learning Activities
Estimate | Cloud Observe Study Build a Draw Use Contour | Make a Hazy Air Model
Cloud Watch Clouds (Instrument| Thermo- | Visuals* | Visuals* Map* Sundial Skies Mass ppv*
Cover Shelter* | meter*®
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Instrument Construction, Site Selection, and Set-Up

Selecting a convenient site is critical for daily data collection.

Cloud Protocols

Students estimate the amount of cloud and contrail cover, observe which
types of clouds are visible, and count the number of each type of contrail.

Aerosols Protocol

Students use a red/green sun photometer to measure the amount of sunlight
reaching the ground when clouds do not cover the sun.

Water Vapor Protocol

Students use a near-infrared sun photometer to measure the amount of
sunlight reaching the dground at wavelengths that are correlated to water
vapor.

Relative Humidity Protocol

Students measure the relative humidity using either a digital hygrometer or a
sling psychrometer.

Precipitation Protocols

Students measure daily rainfall using a rain gauge, daily snowfall using a
snow board, total snow accumulation on the ground, the equivalent depth
of rain for both new snow and snow pack, and use techniques from the
Hydrology Investigation to measure pH of rain and melted snow.

GLOBE® 2005
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Digital Multi-Day Max/Min/Current Air and Soil Temperature

Students use a digital multi-day maximum/minimum thermometer mounted in
their instrument shelter to measure the maximum and minimum air and soil
temperatures for up to six previous 24-hour periods.

Maximum, Minimum, and Current Temperature Protocol

Students use a maximum/minimum thermometer mounted in their instrument
shelter to measure current temperature and the maximum and minimum
temperatures for the previous 24 hours. Students also may collect current
temperature only.

Surface Temperature Protocol

Students use an infrared thermometer (IRT) to measure the temperature of
Earth’s surface.

Ozone Protocol

Students expose a chemically sensitive strip to the air for an hour and
determine the amount of ozone present using an ozone strip reader.

Optional Automated Weather Station Protocols*

Students use an automated weather station to measure barometric pressure,
relative humidity, rain rate and amount, air temperature, and wind speed and
direction every 15 minutes.

Optional Barometric Pressure Protocol*

Students use an aneroid barometer to measure barometric pressure in support
of the Aerosols and Water Vapor Protocols.

Optional Automated Soil and Air Temperature Monitoring
Protocol *

Students use a data logger and temperature sensors to measure air
temperature and soil temperature at 5, 10, and 50 centimeter depths every 15
minutes for extended time periods.

Optional AWS Weather Net Protocol*

Students define their school’s AWS Weather Net station as a GLOBE
Atmosphere Study Site and arrange for GLOBE to retrieve a copy of the data
from their station to include in the GLOBE data archive.

* See the full e-guide version of the Teacher’s Guide available on the GLOBE Web site and CD-ROM.
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Instrument Construction

Instructions for Building an Instrument Shelter

The GLOBE Instrument Shelter should be
constructed of approximately 2 cm thick White
Pine or similar wood and painted white, inside
and out. A lock should be installed to prevent
tampering with the instruments. Mounting blocks
should be installed on the interior to insure that
the max/min thermometer does not touch the
back wall. The parts should be screwed together or
glued and nailed. The plans are specified in metric
units. Therefore, you may need to make minor
adjustments to dimensions depending on the local
standard dimensions of wood in your region.

Figure AT-IC-1: Instrument

It is easier to purchase prefabricated louvered
panels, and they are usually available for purchase.
The primary criteria for constructing louvres is
that they provide for ventilation of the instrument
shelter while preventing sunlight and rain from
entering directly. To prevent sunlight from entering
the shelter we suggest that each louvre slat overlap
slightly with adjacent slats. See Figure AT-1C-
1. There should also be a gap between slats of
approximately 1 cm, and the slat angle should be
roughly 50-60 degrees from horizontal. For shelter
mounting instructions, see Figure AT-IC-8.

Shelter
O
00
0
@)
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Figure AT-IC-2: Instrument Shelter Dimensions
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Figure AT-IC-3

. 0.7 cm Holes Ingide Outside —
— '--..___\_\_L
o2 Q
o “'H,__‘_
~ k
| b Q A
E
Ovi}rlap\%
Q-}\J‘ 56.0 cm
48.0¢cm g . rf
pu 43 hcm T 1em
) Q\ =
Q\J
50%80° \
' I\J
£
=
R & ]
16.0 cm i 28.0cm
Side Panel Louvre Detail Back
(@)
80
Mounting Block Hook
I -e
Minimum/Maximum 4 H |
Thermometer - | Calibration Thermometer
Mounting Block .
GLOBE® 2005 Instrument Construction, Site Selection, and Set-Up - 3 Atmosphere



Instructions for Constructing a Snowboard

A snowboard is a thin, flat surface that rests on
top of earlier layers of snow. New snow falls on
top of it and can be measured with a meter stick.
The board should be made of plywood about 1 cm
thick. It must be light enough so that the existing
snow will support its weight. It should be at least
40 cm by 40 c¢m in area so that more than one

Figure AT-IC-4: Snowboard Dimensions

snow depth measurement can be made and so
that samples may be collected for both snow water
equivalent and snow pH. The snowboard must be
painted white. A flag will be needed to mark the
location of the snowboard so that it can be found
following a fresh snowfall.

40 cm

——1cm
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Constructing the Ozone Measurement Station

Materials

The materials needed to construct the Ozone
Measurement Station can be purchased at a local
hardware store.

1 Plastic Disk for a roof guard — 30 cm

diameter (e.g., frisbee, plastic bucket lid)

Corner Bracket — 20 cm (8”)

Eye Bolt— 1 cm x5 cm (3/8” x 27)

Rubber Washers — 1 cm (3/8”)

4 Links of 1 cm (3/8”) stainless steel chain

Binder Clip — 3 ecm (1 1/47)

Can light colored rust-protective enamel

paint

1 2 m (6'8”) sturdy pole or treated wooden
post

o =N =

Figure AT-IC-5

20 cm |

-~ |

| 30,cm i

\ Eye Bolt

Clip

1.4m

about 1.3 m

If mobile pole, bury
60 cm PVC or other
pipe to slide post into
when testing.

60 cm

e e e e e e - - - -

Directions for Construction

1. Spray-paint all metal pieces with light-
colored, rust-resistant paint.

2. Place one washer on the eye bolt.

3. Place the 30-cm plastic disk on top of the
eye bolt with the convex side facing up
(so rain water will run off).

4. Place the eye bolt through the drilled
hole of the bracket. Put on the second
washer and secure it with a nut.

5. Attach the other side of the bracket to
a 2 meter post or pole and place 60 cm
securely into the ground or attach it to
a mobile pole that fits into a 60 cm-long
section of PVC or other pipe buried in the
ground. See Figure AT-1C-5.

Making the Chain Clip

1. Use needle nose pliers to open one link on
the end of the chain to slide over the eye
bolt and use the pliers to close the open
link.

2. Open the link on the opposite end of the
chain and attach it to one handle of the
3 cm (1 1/47) binder clip. Close the link
securely.

3. When you are ready to expose the ozone
strip, place it in the binder clip.

The ozone measurement station is designed to
provide some protection from rain and snow for
the ozone test strip. The chain with the chemical
strip should be long enough that the ozone test
strip hangs in the open air below the plastic disk
and short enough that the wind cannot make the
strip swing out from under the plastic disk which
is serving as a roof.

GLOBE® 2005
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Constructing a Wind Direction Instrument

Materials

1

N

Scrap piece of pine — approximately
5cmx 15 cm x 60 cm for base

Dowel

O-rings — to fit snugly on dowel

Wide flat washers — with the inner
diameter of the dowel

15 cm piece of plastic pipe

Package of letters and numbers or paint
Compass

Scrap piece of very light weight material
(nylon, plastic, etc.) to cut right triangle
wind sail (roughly 15 cm x 25 cm)
Pieces of waxed dental floss or nylon
thread to tie sail

Drill with spade bit — for drilling hole for
dowel

15 cm piece of self-adhesive velcro
Container of wood glue

Figure AT-IC-6

Plastic Pipe
O-rings
V}lood Glue

30

oowishers

Dowel

Light Weight Material
Sail

Directions for Construction

1.

10.

11.

Draw lines through the center of the wood (one
going end to end and one going from side to side)
and place letters on the grid N, S, E and W.

. Drill hole the same diameter as your dowel,

almost all the way through the center of block
of wood.

. Cut dowel to 60 cm in length and lightly sand

both ends.

. Glue one end of the dowel in the hole.
. Roll one O-ring down approximately 25 cm

from the top of the dowel.

. Place steel flat washer on top of the O-ring.
. Place 15 cm long piece of plastic pipe on top of

the flat washer.

. Place a second O-ring 0.5 cm above the pipe.
. Place a washer on top of the O-ring and the

third O-ring on top of the washer.

Cut out right angle sail and attach it to the pipe
with nylon thread or waxed dental floss.

Attach Velcro to wood and back of compass and
line N on the compass up with N on the line of
the wooden block. (N on the wood should be
true North and not magnetic North, so be sure to
adjust for your magnetic declination.) If you are
not familiar with the difference between North
and magnetic north, see the GPS Investigation for

help. Figure AT-IC-7

- Dowel
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Washer/
PR O-ring
N 15 cm Piece of
Pipe

3 Right Angle
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Washer
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Frequently Asked Questions

1. Does our instrument shelter have to have
slats?

It is important that air be able to pass freely
into and out of the instrument shelter so that
the thermometer measures the ambient air
temperature. The slats on the instrument shelter
allow air to move through the shelter, but also
help to keep out rain, snow, and blowing debris.
Just putting holes in the walls of the shelter will
let in more rain or snow than the slats will. So yes,
it is very important for the instrument shelter to
have slats. For more insight to the characteristics
of the instrument shelter, see the Learning
Activity on Studying the Instrument Shelter.

2. Why does the instrument shelter have to be
white?

The role of the instrument shelter is to protect
the thermometers from direct sunlight, as well
as from precipitation and flying debris. However,
we want to make sure that the instrument shelter
itself doesn't affect the air temperature being
measured. That is, we want the air temperature
inside the shelter to be the same as the air
temperature in the shade outside the shelter.
This means that we want a shelter that won't
absorb a lot of sunlight and heat up more than its
surroundings. By making the shelter white, most
of the sunlight that hits the shelter is reflected
away. For more insight to the characteristics of
the instrument shelter, see the Learning Activity
on Studying the Instrument Shelter.

\

2

(]

3. Must our snowboard be made of /“/
plywood?

Plywood is best, but other light woods may be

used. Metal is not appropriate as it can warm up

too much in sunlight and melt the initial snow of
a day time snowfall. The key is that the snowboard

is light enough to be placed on the surface of the

snow and not sink into the snowpack.
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Choosing the location for your Atmospheric Study
Site and correctly setting up your rain gauge,
instrument shelter, and ozone measurement station
are critical to your successful implementation of
this investigation. Atmosphere measurements are
taken frequently, so students need to be able to get
to the site and return in a short amount of time.

The ideal site for taking atmospheric
measurements is open, away from trees,
buildings and other structures. The open area
helps because nothing blocks precipitation
creating rain or snow shadows, air is free to flow
around the instruments, heat from individual
buildings doesn't affect the data significantly,
and most of the sky can be seen. In choosing
your site, some compromise may be necessary
between the ideal for scientific observations
and the logistical constraints of the school
grounds and their surroundings. The key to
ensuring the value of your students’ data is to
document the nature of your Atmosphere Study
Site and its surroundings.

Figure AT-IC-9 shows the ideal site. Trees,
buildings, and other structures are all at least
four times as far away as they are tall. For
example, if your site is surrounded by trees or
buildings that are 10 meters tall, place your
instruments at least 40 meters from these trees.
At such distances, trees, bushes, or buildings
can be useful by breaking the wind and actually
make your rainfall and snowfall readings more
accurate

Cloud, Contrail, and Aerosol
Observations

Measurements of cloud and contrail amounts,
cloud type, and aerosols require an unobstructed
view of the sky but do not require the installation
of any equipment. The middle of a sports field
is an excellent location. The site where you take
your cloud, contrail, and aerosol measurements
does not have to be the same as the location of
your rain gauge, hygrometer, ozone measurement
station, and instrument shelter. If you choose to
take cloud, contrail, and aerosol observations
from a separate site located more than 100 m from
the shelter, define two Atmosphere Study Sites
and report the data from the different protocols

separately. To pick a good spot from which to take
these measurements, simply walk around your
school until you come to an area where you have
the most unobstructed view of the sky. If you live
in a city, you may not be able to find a completely
unobstructed view of the sky. Choose the most
open site available.

For sites that have substantial obstacles such as
tall trees or large buildings which prevent a view
of the entire sky, it will be helpful to take three
observations of cloud and contrail cover and
cloud and contrail type, spaced 5 minutes apart.
In these situations, report to GLOBE the average
cloud and contrail cover and all cloud types
observed, rather than a single observation.

Precipitation, Relative Humidity,
Temperature, and Ozone Instrument
Placement

The ideal placement for both the rain gauge
(and/or snowboard) and the instrument shelter,
which will house the thermometers and digital
hygrometer instrument, is a flat, open area with a
natural (e.g., grassy) surface. Avoid building roofs
and paved or concrete surfaces if at all possible;
these can become hotter than a grassy surface and
may affect instrument readings. Hard surfaces can
cause errors in precipitation measurements due to
splash-in. Also avoid placing the instruments on
steep slopes or in sheltered hollows unless such
terrain represents the surrounding area.

Measurements of soil moisture and temperature
are much more valuable to scientists and more
usable in student research projects if data on
precipitation and air temperature are available
from a site that is within 100 meters of the Soil
Moisture or Soil Temperature Study Site. These
soil measurements involve digging, placing
instruments in the ground, taking samples
of soil, and sticking soil thermometers in the
ground. If it is possible for your school to take
these soil measurements, even if you don't plan
to do so for several years, you should take into
consideration the requirements for the Soil
Moisture and Soil Temperature Protocols given
in the Soil Investigation.
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Rain Gauge Placement

Since wind is one of the greatest causes of error in
rain gauge measurements, the best placement for
the rain gauge is on a post as low to the ground
as practical. Wind blowing across the top of the
gauge creates an effect that causes raindrops to be
deflected around the gauge. Because wind speed
generally increases with height above the ground,
the lower the rain gauge, the less effect the wind
should have on it. In Figure AT-IC-8, note that
the instrument shelter and the rain gauge are
mounted on separate posts. The top of the rain
gauge is about 0.5 meters above the ground and
is located 4.0 meters away from the instrument
shelter so that the shelter does not block rain from
collecting in the gauge.

If it is not practical to place the rain gauge and
instrument shelter on separate posts, they may
be mounted on a single post, with the rain gauge
mounted on the opposite side from the shelter.
Regardless of whether the rain gauge shares a
post with the instrument shelter or is mounted
on its own post, make sure the top of the rain
gauge is about 10 cm higher than the top of the
post, to avoid splash-in of rain from the post top.
If possible, cut the top of the post at a 45° angle
sloping away from the rain gauge so that drops
will splash away from the gauge.

Figure AT-IC-8

Snowboard Placement

Place the snowboard on relatively level ground
where the snow depth best represents the average
depth of the surrounding area. For a hillside, use
the slope with an exposure away from the sun
(this means a northerly exposure in the Northern
Hemisphere and a southerly exposure in the
Southern Hemisphere). The site should be free
from trees, buildings, and other obstructions
that may affect wind flow or the melting of snow.
Remember that after each new snow fall, the
snowboard will be moved to a new, undisturbed
location. Also remember to place a flag where
the snowboard is located so that you can find it
following a snow fall.

Instrument Shelter and Thermometer
Placement

The instrument shelter should be mounted
so that the maximum-minimum thermometer
mounted inside is 1.5 meters above the ground
(or 0.6 meters above the average maximum snow
depth). This will help prevent heat from the
ground from affecting your temperature reading.
The instrument shelter should be mounted on
the side of the post that faces away from the
equator. That is, the instrument shelter should be
placed on the north-facing side of the post in the
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Northern Hemisphere, and on the south-facing
side of the post in the Southern Hemisphere. This
placement helps protect the thermometer from
direct sunlight when the shelter door is opened
to take a reading.

The post on which the instrument shelter is
mounted should be secured in the ground
as firmly as possible. This will help minimize
vibrations caused by strong winds which may
cause the indicators in the maximum/minimum
thermometer to move. Locking the instrument
shelter is customary to prevent tampering with
the thermometer between readings.

The shelter protects the thermometer from
radiation from the sun, sky, ground, and
surrounding objects, but allows air to flow
through so the air temperature inside the shelter
is the same as the air temperature outside
the shelter. Mount the maximum/minimum
thermometer in the instrument shelter so that
there is air flow all around the thermometer
case. This is usually accomplished by using
blocks or spacers between the thermometer
and the rear wall of the shelter. See Figure AT-
IC-3. No part of the thermometer should touch
the walls, floor, or ceiling of the shelter.

The probe of the digital multi-day maximum/
minimum thermometer should hang in the air
in the air inside the shelter and not touch the
walls. The read-out unit may be mounted on
the back wall.

Ozone Measurement Station

The measurement station is mounted on a
permanent post and located in an open area to
allow air to flow freely around the chemical strip.
It should be located near the GLOBE Instrument
Shelter to enable students to collect required
current temperature data easily. Thus, the Ozone
Measurement Station is part of the Atmosphere
Study Site.

The unit that holds the chemical test strip should
be attached to a 5-cm diameter by 2-meter long
wooden pole. Once the pole is permanently
placed 60 cm into the ground, the top of the
monitoring station will be at 1.4 meters above
ground placing the chemical strip at about 1.3

meters above the ground. This will place the
paper clip that holds the ozone sensitive strip
at a good height for middle grade students. The
pole may be shorter to locate the monitoring
station at a convenient level for younger students
or they can stand on the same step stool used to
put their eyes level with the maximum/minimum
thermometer in the instrument shelter. The plastic
disk protects the chemically sensitive strip from
light rain or snow.

Security of Your Instruments

Some schools have reported vandalism problems
at their GLOBE study sites, particularly with the
rain gauge and the instrument shelter. Each school
must determine what security measures work best
for them. Some schools place their instrument
shelter in a very prominent place where the whole
community can appreciate it and keep a watch
on it. Other schools have put fences around their
atmosphere sites. This is perfectly acceptable,
providing that the fencing does not interfere in
any way with the instruments. This means that
a fenced enclosure must be large enough so that
the rain gauge is completely free from obstruction.
A fenced enclosure should not have a top of any
kind, even a fenced top, as this will interfere with
precipitation measurements. If there is simply no
secure area around your school where instruments
can safely be left outside for extended periods of
time, there are alternate GLOBE protocols that
you can use for measuring current temperature,
and the ozone measurement station may be
portable.

GLOBE® 2005

Instrument Construction, Site Selection, and Set-Up - 10

Atmosphere



Documenting Your
Atmosphere Study Site

To start reporting atmosphere measurements to
GLOBE, you must define your Atmosphere Study
Site in the GLOBE data system. To enable your
students to get a quick start, you may initially
define the site by giving it a name and assigning
it the same coordinates as your school location.
Later, when you have measured the latitude,
longitude, and elevation using a GPS receiver, you
can edit the study site definition to supply this
information. There are many other characteristics
of your study site which may be important to
various data users. These include the heights
of your rain gauge, maximum/minimum
thermometer, ozone test strip hanger, the
slope at your site and the slopes direction, and
any ways in which your site differs from ideal
conditions. All of these items may be added
when you edit the site description.

At many GLOBE schools the ideal atmosphere
study site doesn't exist. Scientists can still make
good use of the data from these schools, but
information is needed about all the ways in
which your site is not ideal. This information
is called metadata and is reported as part of the
Atmosphere Study Site definition. It is important
for scientists to know any local conditions which
could affect the temperature at the instrument
shelter, the amount of rain reaching the rain gage
or snow accumulating on the snowboard, the
ability of students to see the whole sky, etc.

Figure AT-IC-9

What might affect temperature
readings?

Buildings that are heated or cooled put out heat.
If a building is within 10 meters of the instrument
shelter, this should be noted in your metadata.
Surfaces such as pavement and bricks absorb
sunlight and radiate heat into the surrounding air as
they warm. If the instrument shelter is mounted on
a paved surface or a roof, a good description of this
surface should be reported including the material of
which the surface is made and its color. The desired
surface under the atmosphere shelter is grass. If the
natural surface cover in your area is generally bare
soil because you live in a arid or semi-arid region,
this should be reported as well.

What might affect precipitation or
cloud observations?

Both the amount of precipitation collected and the
amount of the sky that can be seen are affected
by buildings, trees, hills, etc. surrounding the
Atmosphere Study Site. For GLOBE, any obstacle
which is four times as far away as it is tall is not
a problem. Obstacles that are closer need to be
reported as part of your site definition.

If you look at the top of an obstacle through a
clinometer, and it is exactly four times as far away
as it is tall, the angle you read will be 14°. Every
obstacle at an angle greater than 14° is too close and
should be reported as part of your site description
unless it is not a substantial object. For instance,
a 7 meter tall flag pole 7 meters away that is ten
centimeters in diameter won't significantly affect
your measurements while a 20 meter tall tree 40
meters away may create a bit of a wind break and
will certainly hide part of the sky.
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Documenting Your
Atmosphere Study Site

Field Guide

Task
To describe and locate your Atmosphere Study Site

What You Need

Q) Atmosphere Site Definition Sheet U GPS Receiver
U GPS Protocol Field Guide U 50-meter Tape
U Compass U Clinometer

U Pen or pencil U Camera

In the Field

1. Fill in the information on the top of your Atmosphere Site Definition Sheet.
2. Locate your Atmosphere Study Site following the GPS Protocol Field Guide.

3. Describe all obstacles surrounding your site. (A building, tree, etc. is an obstacle if when you
sight its top through a clinometer, the angle is > 14°.)

4. Describe any buildings or walls closer to your site than 10 meters.

5. If you recorded any trees or buildings in steps 3 or 4, take photographs of the surroundings
of your site looking North, East, South, and West. Identify the number of the picture for each
photograph on your Atmosphere Site Definition Sheet.

. Choose a partner whose eyes are at the same height as yours.
. Ask them to stand 5 meters away from you going up hill on the steepest slope at your site.

. Look at their eyes through the clinometer and record the angle. This is the slope at your site.

O o ~ O

. Record the compass direction to your partner.

If you have installed a rain gauge, ozone measurement station, or instrument shelter at your
site, do the following steps:

10. Measure the height of the top of the rain gauge above the ground in centimeters.

11. Measure the height of the bulb of the maximum-minimum thermometer above the ground
in centimeters.

12. Measure the height of the clamp for the ozone strip above the ground in centimeters.

13. Record the type of ground cover that is under the instrument shelter.

GLOBE® 2003 Instrument Construction, Site Selection, and Set-Up - 12 Atmosphere



Frequently Asked Questions

1. Is it okay to put our rain gauge and
instrument shelter in a fenced area?

This is fine, as long as the fence doesnt block
the rain gauge or cause rain to splash into the

gauge.

2. We live in a city where there is not a good
area on the school grounds to place our rain
gauge and instrument shelter. Can we put
these instruments on the roof of the school?
Although this is not the best location for
weather instruments, if your choice is between
putting the instruments on the roof or not
participating in the Atmosphere Investigation,
put the instruments on the roof. This has several
disadvantages, both to students and scientists.

» Someone will need daily access to
the roof to take the readings unless
automated equipment is used.

* At the height of even a single-story
building, the wind effect on your rain
gauge is going to be worse than it would
be on the ground.

 You must take care that structures on the
roof don’t block the rain gauge.

* The roof of a building is likely to be much
warmer than its surroundings. The heat
coming off the roof is likely to affect your
temperature measurements. One way
to cut down on this effect may be to put
some kind of material like artificial or real
grass down on the area underneath your
instrument shelter.

* By putting the weather instruments on
the roof, the measurements made will
not be easily comparable to schools
where the instruments are located on
the ground. However, this does not mean
that the measurements aren't useful.
Eventually your school will develop a
data record that will show if there are any
changes in precipitation or temperature
over time.

For cloud and aerosols observations, the roof can
be an excellent location if your school is among
the tallest buildings around.

\?}/

Any time you are unable to strictly follow “=——
the protocol for placing your instruments,

be sure to make a note of this in your site
description. This way other students and scientists
who use your data will be aware that there are
special circumstances.

3. Is it okay to mount our instrument

shelter on a tree?

While this may seem to be a reasonable place
for the shelter, since a tree will protect the
thermometer from sun and precipitation, a tree
is NOT a good place for the instrument shelter.
Why? Because a tree is a living thing. This means
that in the process of making food and growing,
a tree gives off heat and moisture that may affect
your temperature reading. Also, a large tree may
provide too much shelter and not allow wind to
flow freely through the instrument shelter.

4. We can’t find a location on the school
grounds which is four times as far from the
school building as the height of the building.
What should we do?

It is often difficult to find an IDEAL location for
the atmosphere instruments on your school
grounds. Place the instruments in as good a
location as possible. Remember to complete the
Atmosphere Site Definition Sheet, and report
the metadata about your site to the GLOBE Data
Archive as part of defining your Atmosphere
Study Site.

5. Can we put our rain gauge on the ground?

To minimize effects of the wind, placing the rain
gauge at ground level will help reduce errors,
but whether or not this is a good idea in practice
depends on several factors. Most of all, the rain
gauge must be stable. You don’t want to just place
it on a surface where it may get blown over by the
wind or accidentally knocked over. That is, even if
you want to put your rain gauge at ground level,
you must still be certain that it is firmly attached
to a post that will keep the gauge upright. Another
consideration is the type of surface on which you
are placing the gauge. A hard surface, such as
concrete or asphalt, may increase the chance that
rain will splash into the gauge from the ground.
In this case, it would be best to have the top of the
gauge at least 50 centimeters above the ground.
However, if the surface is a porous natural surface,
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the gauge can be placed very close to the ground
with little problem of splash-in.

6. We don’t have a manufactured rain gauge.
Can we use a soft drink bottle or some other
kind of container?

The challenge with using a container other
than a manufactured rain gauge that meets
GLOBE specifications is obtaining an accurate
measurement that is comparable to other data.
Accurate measurements of rainfall involve more
than just putting a ruler in a container and
measuring the depth of rainwater. In addition,
most containers are not straight-sided making it
difficult to get consistent measurements. All of
these difficulties indicate that the best possible
container to measure rainfall is a gauge that
meets the GLOBE specifications.

If you must use something other than an official
rain gauge, please make a note of this as part of
your Atmosphere Study Site definition.

The first requirement of a homemade rain
gauge is that the top opening be round, level
when it is mounted and have a diameter that
meets GLOBE specifications. You should follow
a special procedure to obtain the depth of rain
that has fallen. Measure the diameter of your
container’s top opening in centimeters. After
rain has accumulated in the gauge, pour it into
the 100 mL graduated cylinder that you use in
the hydrology and soil protocols. Measure the
volume of rain that has collected in mL (which
are equal to cubic centimeters). If more than 100
mL of rain has accumulated, fill the graduated
cylinder to the 100 mL mark, empty it into a clean
container and fill it again. Add up the volumes

you measure in this way to get the total volume.
The depth of rainfall is calculated as shown in
the box below:

Report the value to the nearest tenth of a
millimeter. Be sure to use a container that will
not affect the pH of the rain water and use
a clean graduated cylinder to measure the
volume.

7. Why does the instrument shelter have to
face away from the equator?

When you go outside on a sunny day, it is quickly
obvious that you feel much warmer standing in
direct sunshine than standing in the shade. For
GLOBE temperature measurements, we want
to measure the temperature of the air, without
the influence of direct sunshine. In order to get
an accurate measurement of air temperature,
we need to make sure that the thermometer
is protected from direct sunshine. This means
that in the Northern Hemisphere the instrument
shelter should face north, and in the Southern
Hemisphere the instrument shelter should face
south. In this way, sunlight will not shine directly
onto the instruments in the shelter when the
shelter door is opened to take a reading.

8. Mounting the instrument shelter so that
our maximum-minimum thermometer is 1.5
meters off the ground makes it difficult for our
youngest students to read the thermometer.
Can we place it lower to the ground?

In the same way that placing the instrument
shelter too close to a building or tree can
influence temperature readings, placing the
instrument shelter too close to the ground
can influence the temperature reading. As the

Radius of rain gauge opening (cm) =

Diameter of rain gauge opening (cm)
2

Area of the rain gauge opening (cm?) = x [Radius of rain gauge opening (cm)]*

Rain Depth (mm) = 10 mm Volume of rain (mL or cm?)
cm Area of the rain gauge (cm?)
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ground heats up during the day, it emits more
energy. By putting the instrument shelter about
1.5 meters from the ground, the heat from
the ground has a chance to dissipate into the
atmosphere, so that we end up measuring air
temperature and not ground temperature. For
smaller students, provide a sturdy step (or set
of steps) that will allow them to be at eye-level
with the thermometer so that they can read it
accurately.

9. The mountains around our school partially
block our view of the sky. What should we do?
In some cases, schools on hillsides or in valleys
may have mountains or hills that block at least
part of the horizon. Treat the surrounding hills
or mountains as obstacles and describe them in
your metadata. Use the clinometer to measure
the angle when you are looking at the hilltops or
ridge lines and include this in your description.
In this situation, also remember that local solar
noon is the time when the sun is at the highest
point in the sky that it will reach today. The time
of apparent sunset and sunrise may be affected
by the surrounding terrain, and so, you cannot
simply average the times of local sunrise and
sunset that you observe to calculate local solar
noon.

10. The conditions at our Atmosphere Study
Site have changed; what should we do?

You should report the new conditions to
GLOBE using the “edit a study site” feature. Be
sure to choose the setting indicating that you
are reporting a change rather than supplying
missing data or correcting data. It is important
that the date you report be the first day when
conditions changed or the day when you first
observed the change. The metadata you enter
will be associated with all data reported for this
site beginning with this date.

11. We don’t have access to a GPS receiver

at present to define the location of our
Atmosphere Study Site; what should we do?
You should define your Atmosphere Study Site
and choose for its location the coordinates of
your school. Later, when you have access to a GPS
receiver, use it to measure the latitude, longitude,
and elevation of your site and report these data
to GLOBE by editing the definition of your Site.
Information about obstacles, the heights of the
various instruments, etc. can also be reported
after data collection and reporting have begun by
editing the definition of your Site.
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Cloud Protocols

Purpose

To observe the type and cover of clouds includ-
ing contrails

Overview

Students observe which of ten types of clouds
and how many of three types of contrails are
visible and how much of the sky is covered by
clouds (other than contrails) and how much is
covered by contrails.

Student Outcomes

Students learn how to make estimates from
observations and how to categorize specific
clouds following general descriptions for the
categories.

Students learn the meteorological concepts
of cloud heights, types, and cloud cover and
learn the ten basic cloud types.

Science Concepts
Earth and Space Science
Weather can be described by qualitative
observations.
Weather changes from day to day and
over the seasons.
Weather varies on local, regional, and
global spatial scales.
Clouds form by condensation of water
vapor in the atmosphere.
Clouds affect weather and climate.
The atmosphere has different properties
at different altitudes.
Water vapor is added to the atmosphere
by evaporation from Earth’s surface and
transpiration from plants.

Physical Science

Materials exist in different states — solid,
liquid, and gas.

Geography
The nature and extent of cloud cover
affects the characteristics of the
physical geographic system.
Scientific Inquiry Abilities
Use a Cloud Chart to classify cloud types.
Estimate cloud cover.
Identify answerable questions.
Design and conduct scientific
investigations.
Use appropriate mathematics to analyze
data.
Develop descriptions and predictions
using evidence.
Recognize and analyze alternative
explanations.
Communicate procedures, descriptions,
and predictions.

Time

10 minutes

Level
All

Frequency
Daily within one hour of local solar noon

In support of ozone and aerosol measure-
ments

At the time of a satellite overpass

Additional times are welcome.

Materials and Tools

Atmosphere Investigation Data Sheet or
Cloud Data Sheet
GLOBE Cloud Chart

Observing Cloud Type (in the Appendix)

Prerequisites

None
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Cloud Protocols -
Introduction
Clouds and the Atmosphere

Water in the environment can be a solid (ice and
snow), a liquid, or a gas (water vapor). As water
moves from place to place it can melt, freeze,
evaporate, or condense. These changes happen as
the water is warmed or cooled.

Water in the atmosphere exists in all three phases
(solid, liquid, gas) and changes phase depending
on temperature and pressure. Like most other
gases that make up the atmosphere, water 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
water droplets. If temperatures are below freezing,
as they always are high in the atmosphere, tiny ice
crystals may form instead. When a large number
of water droplets or ice crystals are present, they
block light enough for us to see them — they form
clouds. So, clouds tell us something about air
temperature and water up in the sky. They also
affect the amount of sunlight reaching the ground
and how far we can see.

In the troposphere, the lowest part of the atmo-
sphere, temperature decreases with increasing
altitude. As ice crystals form at high altitudes, they
are often blown away from the region where they
formed by the strong winds of the jet streams.
Through this process of formation and movement
ice crystals often merge into larger crystals and then
begin to fall. These falling or windblown crystals
create streaks, which we see as wispy clouds. These
streaks are often curved by the wind, which can
blow at different velocities at different altitudes.

Other types of clouds are blown about by the wind,
too. Updrafts help form towering clouds; down-
drafts tend to create clear spaces between clouds.
Horizontal winds move clouds from place to place.
Clouds that form over lakes and oceans are blown
over the dryer land, bringing precipitation. Strong
winds high in the atmosphere sometimes blow the
tops off clouds creating anvil shapes or carrying
ice crystals far downwind to clear areas.

Ice crystals and water drops scatter light differ-
ently. Thick clouds absorb more sunlight than
thin ones. The types of clouds, phases of water,
and amount of clouds, ice, and water drops all af-
fect the amount of sunlight that comes through
the atmosphere to warm Earth’s surface. Clouds
also affect how easily heat from the surface can
escape through the atmosphere back to space.

By observing clouds, we can get information
about temperature, moisture, and wind condi-
tions in different places in the atmosphere. This
information helps in predicting the weather.
Observations of clouds also help us know how
much sunlight is reaching the ground and
how easily heat from the ground and lower
atmosphere can escape, and this information is
important in understanding climate.

Clouds and Weather

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 thun-
derstorms. The types of clouds present provide
important information about vertical movement
at different heights in the atmosphere. By paying
attention to the clouds, soon you will be able to
use cloud formation to forecast the weather!

Cloud types may indicate a trend in the weather
pattern. For example, altocumulus clouds are
often the first indicator that showers may oc-
cur later in the day. In middle latitudes, one
can often see the advance of a warm front by
watching the cloud types change from cirrus to
cirrostratus. Later on, as the front gets closer, the
clouds thicken and lower, becoming altostratus.
As precipitation begins, the altostratus clouds
become nimbostratus, immediately before the
front passes your location.

Cloud types are an important sign of the processes
that are occurring in the atmosphere. Clouds
indicate that moist air is moving upward, and
precipitation can only happen when this occurs.
Clouds often provide the first signal that bad
weather is coming, although not all clouds are
associated with bad weather.
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Clouds and Climate

Clouds play a complex role in climate. They are the
source of precipitation, affect the amount of energy
from the sun that reaches Earth’s surface, and in-
sulate Earth’s surface and lower atmosphere.

At any given time, over half of Earth’s surface is
shadowed by clouds. Clouds reflect some of the
sunlight away from Earth, keeping the planet
cooler than it would be otherwise. At the same
time, clouds absorb some of the heat energy
given off by Earth’s surface and release some of
this heat back toward the ground, keeping Earth’s
surface warmer than it would be otherwise. Satel-
lite measurements have shown that, on average,
the cooling effect of clouds is larger than their
warming effect. Scientists calculate that if clouds
never formed in Earth’s atmosphere, our planet
would be over 20° C warmer on average.

Conditions on Earth affect the amount and types
of clouds that form overhead. This helps to shape
local climate. For example, in rain forests, the
trees release large amounts of water vapor. As
daily heating causes the air to rise, clouds form
and intense rainstorms occur. Over three-quar-
ters of the water in tropical rain forests is recycled
in this way and cloud cover is almost complete
for most of the year. In contrast, in a desert there
is no surface source of moisture and clear condi-
tions are typical. These clear conditions allow for
more heating by sunlight and larger maximum
temperatures. In both cases, the local climate
— precipitation and temperature — is tied to cloud
conditions.

Human activities also can affect cloud conditions.
One specific and obvious example is the formation
of contrails, or condensation trails. These are the
linear clouds formed when a jet aircraft passes
through a portion of the atmosphere having the
right combination of moisture and temperature.
The jet exhaust contains some water vapor as
well as small particles — aerosols — that provide
condensation nuclei that help ice crystals begin to
form. In some areas, jet traffic is causing a notice-
able change in cloudiness, which may affect both
weather and climate.

How will cloud conditions change if Earth’s sur-
face becomes warmer on average? If the surface
water of oceans and lakes warms, more water will
evaporate. This should increase the total amount
of water in the atmosphere and the amount of
cloud cover, but what type of clouds will form?
Will the increase in clouds happen mostly at high
altitudes or low altitudes? Clouds at all altitudes
reflect sunlight helping to cool Earth’s surface, but
high clouds release less heat to space and thus
warm the surface more than low clouds. So, the
changes in surface temperatures may depend on
how cloud conditions change.

Many official sources of weather observations
are now using automated equipment to observe
clouds. These automated measurement systems
do not take cloud type observations. This makes
cloud observations by GLOBE students and
other amateur weather observers unique as a data
source. Since 1960, scientists have also used satel-
lites to observe clouds. These observations began
with simple pictures of clouds, but more advanced
techniques are always being added. Scientists are
working to develop automated methods to infer
cloud types from visible and infrared weather sat-
ellite images. This task is hard, and observations
from the ground are needed for comparison. Con-
trail detection from space is especially challenging,
since many contrails are too narrow to see in satel-
lite images. Accurate cloud type observations from
GLOBE students are an important source of these
ground-based observations.
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Teacher Support

Every one looks at clouds. Children often stare up
and imagine that they see the shapes of various
objects in the sky. In GLOBE, students will be shift-
ing what they look for in the sky to some specific,
scientifically meaningful properties — cloud type
and cover. A great habit to develop is looking up at
the sky every time you go outdoors. Pay attention
to what is going on in the atmosphere. You might
be surprised at how much is happening!

Students take cloud observations with their eyes.
The only equipment needed is the GLOBE Cloud
Chart, so these protocols are easy to get started,
but identifying cloud cover and cloud types is a
skill. Students will get better with practice; the
more frequently you and your students take
cloud observations, the more comfortable you
will become with these measurements, and the
better will be the quality of your data.

With the advent of automated weather sta-
tions which only have instruments capable of
viewing clouds at heights up to 3,000 to 4,000
meters, many middle and high clouds, including
contrails, are no longer observable. The GLOBE
cloud observations will provide a useful data set,
continuing visual observations that have been
collected for over 100 years that are now being
replaced with automated observations.

Good questions to help students start determin-
ing the best place to take their measurements
would be:

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

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, play-
grounds, 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 how much of the
sky is hidden by buildings and trees using the
clinometer and techniques given in Document-
ing Your Atmosphere Study Site. The goal is to
have a drawing of the school grounds so that

students understand why the site for cloud ob-
servations was chosen. Each year, the new class
of students can repeat this mapping to gain this
understanding.

Measurement Hints
Cloud Cover

Cloud cover is a subjective estimate, but an im-
portant scientific one. Meteorologists and climate
scientists must have accurate cloud cover observa-
tions to correctly account for the amount of solar
radiation which is reflected or absorbed before
sunlight reaches Earth’s surface, and the amount
of radiation coming up from Earth’s surface and
lower atmosphere which is reflected or absorbed
before it can escape to space.

As the Learning Activity Estimating Cloud Cover
makes clear, the human eye tends to overes-
timate the percentage of the sky covered by
clouds. Having students do this activity is the
best first step to taking accurate measurements.
The other key to accuracy for cloud cover is to
have students observe the entire sky that is vis-
ible from your Atmosphere Study Site.

Once students begin to take cloud cover ob-
servations, it is important that the observations
be done by small groups in which a consen-
sus can be achieved. One useful way to do
the observation is to divide the sky into four
quadrants, estimate the fractional coverage in
each quadrant, and then find the average. This
can be done using decimal values, or fractions,
depending on students’ mathematical abilities.
The biggest discrepancies will usually occur
for borderline situations, where one category
is close to another. Cloud cover categories are
given in Table AT-CL-1.

As students become more expert in this measure-
ment, they will begin to realize that clouds are
three dimensional and have thickness. As one
looks toward the horizon, the sky can appear to
be more cloud covered than it really is because the
spaces between clouds are hidden from view. This
effect is more pronounced for low clouds than for
middle and high clouds (these categories are dis-
cussed under Cloud Type). It is also more of an issue
for cumulus clouds than for stratus clouds. If when
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Table AT-CL-1

Percentage If less than If greater than or equal to
10% Clear Isolated
25% Isolated Scattered
50% Scattered Broken
90% Broken Overcast

looking directly overhead students see a pattern
of cloud cover with individual puffs or long rolls
of cloud separated by clear areas, and the general
appearance of the clouds is similar looking toward
the horizon, it is reasonable to infer that there are
spaces between these clouds as well and the cloud
cover is not 100% toward the horizon.

This protocol includes a category of “No Clouds”
which should be reported whenever there
are no clouds visible in the sky and a category
“Obscured Sky”. This condition is to be reported
when weather phenomena restrict the observer’s
ability to clearly see and identify the clouds
and contrails in the sky. There are ten possible
reportable obscurations. If your students have
difficulty seeing the clouds and contrails in more
than one-quarter of the sky, they will not report
cloud or contrail cover using one of the normal
categories, rather, they should report that the sky
is Obscured, and then report one (or more) of the
obscuring phenomena that are responsible for
the limited visibility of the sky. Metadata should
be reported for cloud and contrail cover for the
part of the sky that is visible if the sky is only
partially obscured. The obscuring phenomena
are defined below.

* Fog
Fog is a collection of small water droplets
which is based at the ground, and restricts
visibility along the ground and above
it. Stratus clouds are often associated
with fog. In coastal areas, mountains,
and valleys, fog may be prevalent during
the midday GLOBE observations. This
category will include ice fog or diamond
dust which is prevalent in cloud-free
weather at high latitudes.

* Smoke
Smoke particles, from forest fires or other
sources, often severely restrict visibility
along and above the ground. If smoke is

present, there will be a distinct odor of
smoke, distinguishing it from haze or fog.

Haze

Haze is caused by a collection of very
small water droplets, or aerosols (which
may be water droplets, pollutants or
natural dust particles suspended in the
atmosphere), which collectively give
the sky a reddish, brown, yellowish, or
white tint. Smog would be placed in
this category. GLOBE has a new Aerosols
Protocol for teachers who wish to learn
more about haze and its causes. Most
of the time measurable haze is present,
clouds will still be observable. This
category is only checked when the haze
is so extreme that clouds cannot be seen.

Volcanic Ash

One of the greatest natural sources of
aerosols in the atmosphere occurs when
a volcano erupts. In such cases, it is
conceivable that schools may have ash
falling, or other restrictions to visibility
(perhaps a plume overhead).

Dust

Wind will often pick up dust (small soil
particles — clay and silt) and transport
them thousands of kilometers. If the sky
cannot be discerned because of dust
falling or blowing, please report this
category. Severe duststorms may restrict
visibility at some locations, and they
would be reported in this category as
well, for example, if students cannot go
outdoors because of a severe duststorm,
the sky would be reported as obscured
and dust would be the reason.

Sand

Blowing or suspended sand, or
sandstorms, generally require stronger
winds than dust events, but they can
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make it just as difficult for observers to
see the sky.

» Spray — (also called sea spray)
Near large bodies of water, strong winds
may suspend drops of water which will
be sufficient to reduce the visibility so
that the sky cannot be clearly discerned.
This category generally is restricted to
the area immediately adjacent to the
coast, once inland, salt particles may
be suspended after the water drops
evaporate, leaving aerosols behind.

* Heavy Rain
If rain is falling intensely at the time
of the observation, the sky may not
be visible. Even though it may seem
overcast, if you cannot see the entire sky,
you should report the sky as obscured,
and heavy rain being the cause.

* Heavy Snow
Snow may also fall at rates sufficient to
prevent the observer’s clear view of the
sky and cloud cover.

* Blowing Snow — In the event the wind
is blowing with sufficient strength to
lift fallen snow off the ground, it may
prevent observation of the sky. If blizzard
conditions are occurring (strong winds
and snow is still falling intensely), both
of these last two categories should be
reported.

Contrail Cover

The same technique of dividing the sky into four
quadrants described above for cloud cover can
also be used in the estimate of contrail cover. One
single persistent contrail crossing the sky covers
less than 1% of the sky (see Estimating Cloud Cover
Learning Activity). Therefore, counting contrails
can also be a good tool in the estimation. When
the sky is obscured, as described above, contrail
cover measurements cannot be taken.

Remember contrail cover is measured separately
from cloud cover. So when you estimate cloud
cover, you should not include contrails. When
you observe contrails that overlap with clouds,
you should report this in the metadata.

Cloud Type

Cloud type is a qualitative measurement. The
GLOBE Cloud Chart, the cloud quiz on the
GLOBE Web site, and other cloud information
attainable in textbooks and from online sources
may be useful in helping students learn the many
different ways clouds can appear. However, two-
dimensional images look quite different compared
to actual sky observations, which are three-dimen-
sional, and there is no substitute for experience in
taking cloud observations.

The cloud type system is organized into 3 cat-
egories depending on the height or altitude of
the base of the cloud. High clouds (cirro- or cir-
rus) are universally composed of ice crystals, and
hence are more delicate in appearance. Because
they are farther from the observer, they will also
appear smaller than other cloud types, in gen-
eral. The wispy trails often seen in high clouds
are ice crystals falling and subliming (turning
from a solid into a gas). Generally, the sun can be
seen through high clouds and the ice particles in
cirrostratus clouds scatter the sunlight to form a
bright ring, called a halo, around the sun.

Middle clouds always begin with the prefix
alto- and are predominantly comprised of water
droplets. They may contain some ice. Sometimes
the sun can be seen through these clouds as well,
but without a ring.

Low clouds are closest to the observer, and they
will often appear to be quite large in comparison
to higher clouds. They may be much darker, ap-
pearing more gray than high or middle clouds.
Low clouds may extend to much higher alti-
tudes, which can be seen when there are clear
gaps between the clouds.

Once this basic distinction is clear to you (high/
middle/low), the next thing to decide is the
shape or form of the cloud. If the cloud feature
is a fairly uniform layer, it will be a stratiform,
stratus-type cloud. Most clouds that have shape
or forms such as puffs, rolls, bands, or tufts, are
cumuliform, from the cumulus family. Finally, if
a cloud is producing precipitation (which the
observer can see), it must have nimbus in its
name. The wispy shapes produced by ice clouds
almost always occur at high altitudes and so
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they are called by the same name as high clouds
— cirro- or cirrus. By performing the Cloud Watch
Learning Activity from time to time with your
students, you (and they) will gain more confi-
dence in their ability to identify the cloud types
in a complex sky!

Contrail Type

Contrails generally occur at high levels like
cirro- or cirrus clouds. However, as human-in-
duced clouds, contrails are reported in a separate
category. There are three types of contrails for
students to classify. These are:
* Short-lived — contrails that disappear
shortly and form short line segments
in the sky that fade out as the distance
away from the airplane that created them
increases.
* Persistent Non-Spreading — these
contrails remain long after the airplane
that made them has left the area. They
form long, generally straight, lines of
approximately constant width across the
sky. These contrails are no wider then
your index finger held at arm’s length.
* Persistent Spreading — these contrails
also remain long after the airplane that
made them has left the area. They form
long streaks that have widened with time
since the plane passed. These contrails
are wider than your index finger held at
arm’s length. This type is the only type
that can currently be seen in satellite
imagery; and only when they are wider
than four fingers held at arm’s length.
Therefore, noting the equivalent finger
width of these contrails in the metadata
will be very useful for the scientists.

Refer to the Web site of the contrail team for ad-
ditional pictures of the various contrail types.

Short-lived contrails form when the air at the
elevation of the airplane is somewhat moist. Per-
sistent contrails form when the air at the elevation
of the airplane is very moist, and are more likely to
affect climate than short-lived contrails are.

Student Preparation

The estimates of cloud type and cloud cover are
subjective measurements, so involving several
students in this task is good. Each student should
take his or her own readings; then, students should
come to an agreement as a group. Do not be sur-
prised 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.

Here are two effective ways to help train your
students to take the most accurate cloud obser-
vations possible:

1. Practice cloud type observing by taking
the GLOBE cloud quiz, available from
the Resource Room of the GLOBE Web
server, or by spending a lot of time
looking at and identifying examples of
the predominant cloud types for your
location;
2. Do the following Learning Activities from
the GLOBE Atmosphere Teacher’s Guide
* Estimating Cloud Cover
* Observing, Describing and Identifying
Clouds
* Cloud Watch
These activities are designed to give students
plenty of opportunities to gain proficiency in
identifying cloud type and cloud cover.

Sometimes there may be disagreement among
students taking observations of clouds, and
the process of students coming to a consensus
is an important part of the scientific discovery
process. However, it may be useful to include
some commentary in the Metadata section of
your Data Sheet.

Practicing simulations with classmates will help
build students’ confidence. Be sure to have them
check the entire sky. One of the best ways to do
this is with groups of four students, standing back-
to-back, one facing north, one east, one south,
and one west. Now, each student is responsible
for estimating the amount of cloud from the
horizon to directly overhead in their quadrant.
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Make sure they are all defining their quadrant in
the same way. Once each student has an estimate
(use 10% increments, or fractions like eighths or
tenths), take the average of the four estimates by
summing them and dividing by 4. This method
will be particularly useful when you have a dif-
ficult sky that leads to different estimates among
group members.

The following tip may help your students deter-
mine the heights of cumulus clouds. Have them
extend their arm away from their shoulder paral-
lel to the ground, and align their fingers with the
cloud feature they are observing. A good rule of
thumb to use is that if the individual pulffs, rolls,
waves, etc., of the clouds are smaller than one fin-
ger width, they are cirrocumulus. If they are not
as wide as two fingers, but wider than one finger,
it is most likely an altocumulus. If wider than two
fingers, it will be cumulus (look for isolated pulffs),
stratocumulus (clouds are wider than tall, and
there are many, perhaps elongated in bands),
or cumulonimbus (with precipitation).

For distinguishing the different heights of stratus
clouds, remember the following. Cirrostratus is
the only cloud type which can produce a halo
around the sun or moon. The halo will have all
the rainbow colors in it. Altostratus will produce
a thinly veiled sun or moon, and will often be
darker in appearance, a medium gray color.
Stratus will usually be very gray and often very
low to the ground. Fog is actually a stratus cloud
at zero altitude.

Here are some questions that students may be
thinking about (or asking) as they take cloud
observations:

What kind of sky do I see?
What kind of sky do other students from
nearby schools see?

Should they be the same?
Cloud cover in particular can be a very local
phenomenon, and therefore cloud type may
vary significantly from one place to another
nearby. When viewed as an aggregate for a large
grouping of GLOBE schools, cloud observations
become more useful. Also, local cloud obser-
vations are important to several other GLOBE
protocols.

Questions for Further Discussion

Do cloud patterns change during the year?
How?

Does the amount of cloud cover affect the local
temperature?

How reliable are local weather forecasts based
on cloud type observations alone? Can they
be improved by using other GLOBE measure-
ments?

Do cloud conditions and phenomena that block
our view of the sky influence the types of vegeta-
tion and soil in our area? If so, how?

How do our cloud observations compare with
satellite images of clouds?

Are contrails often seen in the local area? Why or
why not?

Are the types of clouds and contrails you observe
related?

How do the clouds you see relate to nearby moun-
tains, lakes, large rivers, bays, or the ocean?
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Gloud Gover and Gontrail Cover

Field Guide
Task

Observe how much of the sky is covered by clouds and contrails.

What You Need

 Atmosphere Investigation Data Sheet OR Cloud Data Sheet OR Ozone Data Sheet OR Aerosol Data Sheet

In the Field
1. Complete the top section of your Data Sheet.

2. Look at the sky in every direction.

3. Estimate how much of the sky is covered by clouds that are not contrails.

4. Record which cloud classification best matches what you see.

5. Record which contrail classification best matches how much of the sky is covered by contrails.

Cloud Cover Classifications

Contrail Classifications

Clouds are present but cover less than one-tenth
(or 10%) of the sky.

No Clouds None
The sky is cloudless; there are no clouds visible. | There are no contrails visible.
Clear 0-10 %

Contrails are present but cover less than
one-tenth (or 10%) of the sky.

Isolated Clouds
Clouds cover between one-tenth (10%)
and one-fourth (25%) of the sky.

10-25 %
Contrails cover between one-tenth (10%)
and one-fourth (25%) of the sky.

Scattered Clouds
Clouds cover between one-fourth (25%)
and one-half (50%) of the sky.

25-50%
Contrails cover between one-fourth (25%)
and one-half (50%) of the sky.

Broken Clouds
Clouds cover between one-half (50%)
and nine-tenths (90%) of the sky.

> 50%
Contrails cover more than one-half (50%)
of the sky.

Overcast
Clouds cover more than nine-tenths (90%)
of the sky.

Obscured
Clouds and contrails cannot be observed because more than one-fourth (25%) of the sky cannot be
seen clearly.

6. If the sky is Obscured, record what is blocking your view of the sky. Report as many of the

following as you observe.
* Fog
* Sand

e Smoke ¢ Haze

e Spray

* Heavy Rain

e Volcanic Ash  * Dust

* Heavy Snow ¢ Blowing Snow
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Cloud Type and Contrail Type
Protocol

Field Guide

Task

To see which of the ten types of clouds and how many of each of the three types of contrails are vis-
ible

What You Need

U Atmosphere Investigation Data Sheet OR U GLOBE Cloud Chart
Cloud Data Sheet OR
Ozone Data Sheet OR
Aerosol Data Sheet

U Observing Cloud Type (in Appendix)

In the Field

1. Look at all the clouds in the sky, look in all directions, including directly overhead. Be careful
not to look directly at the sun.

2. Identify the types of clouds that you see using the GLOBE cloud chart and the definitions
found in Observing Cloud Type.

3. Check the box on your Data Sheet for each and every cloud type you see.

4. There are three types of contrails. Record the number Contrails
of each type you see.

Clouds

Cirrus

Short-lived

Cirrostratus Cirrocumulus

Altostratus Altocumulus

Persistent Non-Spreading

Stratus Stratocumulus Cumulus
Nimbostratus Cumulonimbus
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Frequently Asked Questions

1. Why do we have to report cloud cover
observations even if there are no clouds?

It is just as important for scientists to know when
there are no clouds in the sky as when there are
clouds. Please always report the cloud cover,
even on a beautiful day with blue sky! How could
you accurately calculate average cloud cover if
data were always missing for completely clear
days? Also be aware that clear sky is the easiest
measurement from the ground, but the hard-
est to determine with confidence from satellite
imagery.

2. Can’t an instrument be designed to measure
cloud cover?

Yes, in fact, lasers are used to measure this and
the instrument is called a ceilometer. Ceilome-
ters measure the portion of the sky covered by
clouds, but they are very expensive. Further-
more, many of the ceilometers in use today
only provide accurate estimates of cloud cover
up to heights of about 3.5 kilometers, which
makes them useless for most middle clouds
and

all high clouds. Cloud cover is an aggregate of
all clouds at all levels, and human observations
are still the best way to measure this from the
ground. Also, ceilometers take only a single
point or profile measurement that may not be
representative of the overall cloud cover.

3. Is there any way to make sure

that our observations are accurate,

since there is no instrument to calibrate?
These data are important, and practice will help
you to become proficient in estimating cloud
cover. You can compare your own observations
with nearby neighbors’ observations, and com-
pare them with “official” observations, too, to
learn how accurate your own observations are,
but remember that on some days the cloud con-
ditions will be different even over short distances
and they may change in minutes. If you do them
diligently every day, you should become very
comfortable with your efforts!

4. We have trouble figuring out if we are
correct when we call a certain cloud one of the
ten types. How do we know if we are correct?

/

\{j
You can’t know for sure. The most \;/J

important thing to do is to practice iden-

tifying cloud types as often as you can. If you have
access to the World Wide Web, you can take the
Interactive GLOBE cloud quiz, which you will find
online as part of the GLOBE Web site. Also, you
may wish to obtain another copy of the GLOBE
Cloud Chart, cut it up, and make flash cards to
help quiz your classmates.

5. Is this cloud type observation system in
GLOBE unique or new in some way?

This system is the same one that meteorolo-
gists have been using for two hundred years.
Many scientists report becoming interested in
science because they started to observe the sky
and note how it was different (in terms of cloud
types) from one day to another. The scientific
basis of this cloud type observing system has not
changed substantially since it was first devised.
The systematic breakdown of clouds into ten
basic types was motivated, at least in part, by
the classification of species of living things into
the Animal and Plant Kingdoms by biologists.
In fact, meteorologists often further divide the
cloud types into other specific variations within
each cloud type. Castellanus refers to castle-like
turrets in a cloud formation, an indicator that
the atmosphere is becoming unstable, perhaps
foretelling precipitation. Lenticularis means
lens-shaped, a cloud often formed over high
mountains. And cumulus are often separated
into humilis (fair weather, puffy) or congestus
(towering, heaped like cauliflower, very tall).

6. What do I report if only part of the sky is
obscured, but I can determine cloud types for
part of the sky?

If more than one-quarter of the total sky is ob-
scured, report ‘obscured’, and report the cloud
types that you see in metadata. If less than
one-quarter of the total sky is obscured, record
the cloud cover and cloud types and state in the
metadata how much of the sky is obscured.

7. Tam not sure whether what I see is cirrus or
old, spreading contrails?

At some point the distinction between the two can-
not be made. In this situation, please report cirrus,
but also note in your comments that the cirrus
looks like it may have started from a contrail.

GLOBE® 2005

Cloud Protocols - 11

Atmosphere

$]020104d /

\




Cloud Protocol -
Looking At Your Data

Are the data reasonable?

Given the subjective nature of cloud observations,
it can be very difficult to determine if they are
reasonable.

The internal consistency of the observations can
be used to determine whether cloud type and
cover data are reasonable. For instance, if there
is overcast cloud cover with stratus, stratocu-
mulus, or nimbostratus clouds, reports of alto or
cirro cloud types would be unlikely as observers
on the ground would not be able to see higher
altitude clouds through the thick lower cloud
cover. Another example would be reports of only
cirrus clouds with overcast skies; cirrus clouds are
only very rarely present in the amounts needed
to cover 90% of the sky. The same is true for cu-
mulus clouds as there must be breaks between
the clouds for them to be cumulus (rather than
stratocumulus).

What do scientists look for in these
data?

Many official weather observing stations across
the world have effectively stopped taking cloud
observations. National meteorological organiza-
tions have two primary reasons for this change.
First, weather satellites are constantly monitoring
Earth’s surface and atmosphere, and we have be-
come much better at determining cloud cover from
satellite pictures in recent years. Second, many
weather stations are taking their observations using
automated instruments. These instruments cannot
determine cloud type, and are often limited in their
ability to distinguish middle and high cloud layers.
The automated instruments can only sense clouds
up to about 3.6 km in altitude and many cloud
types are too high for most of these ceilometers to
see them. So, they can only see half of the cloud
types (cumulus, cumulonimbus, stratus, stratocu-
mulus, and nimbostratus).

Clouds have been observed and associated with
weather changes for centuries; in fact our cloud
classification system is over 200 years old. The
changes that you observe in the clouds help me-

teorologists to forecast the weather. By watching
a clear sky change to a sky with isolated cumulus
clouds, which may grow to scattered cumulus and
broken cumulonimbus clouds, you can expect
that thundershowers may begin soon. When an
overcast stratus cloud thins out to stratocumulus,
you might expect clearer weather to follow. Cli-
mate scientists like to watch cloud changes over
long periods of time, to see if there is an increase
or decrease in cloud cover or a change in type.

Since the early 1960's, meteorologists have had
weather satellite pictures that can be used to see
clouds (generally shown as white areas on sat-
ellite pictures), such as Figure AT-CL-1, a visible
photograph from the NOAA 15 polar-orbiting
weather satellite of the Gulf of Mexico, near the
southeastern United States. Clouds are seen over
the waters to the west of Florida, in the Bahamas
and on the eastern edge of the picture, off the
coast of North Carolina. The land areas of the
southeastern United States are fairly clear along
the Atlantic Ocean, but further to the west we
see some clouds that are not as bright. This tells
meteorologists that these clouds are probably
lower and/or not as thick as the bright white
ones in this mid-afternoon picture.

Scientists who work with satellite data need
good surface observations of clouds to provide
what is called ground truth for their satellite
observations. These observations are important
because they help meteorologists to understand

Figure AT-CL-1: Satellite Image
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how accurate their satellite observations con-
tinue to be. In general, the more GLOBE schools
that produce cloud observations, the better for
scientists who wish to use these data, because
they can assess how accurate and consistent the
observations are by making such comparisons.

Satellite photographs do not always give scien-
tists a clear idea of which cloud types are present.
This is particularly true for contrails, which are
often too narrow to be seen from space. For this
reason, it is important for scientists to be able to
find areas of low, middle, and high clouds, since
each cloud layer will have different abilities to
block sunlight and trap infrared radiation.

Lets look at some maps to see how we might
proceed with such investigations. Figure AT-CL-
2 shows some cloud cover observations for a
spring day in 2001 over part of the United States
and Canada, near the Great Lakes. The Great
Lakes are large bodies of water that provide
ample moisture to the atmosphere through
evaporation. High levels of water vapor often
lead to cloudy skies. The weather map for that
day will also be useful to understand what type
of cloud systems were present for that day since,
in general, air must be rising to produce clouds
and low pressure systems and fronts are the most
likely areas for clouds to form.

Note the large number of gray boxes near the
center of the state of Ohio in the map above.
From the map legend, we see that these indicate
areas of overcast skies. There are a few stations
nearby that are not overcast, including one
observation of an obscured sky, one broken,
and one scattered. Perhaps a storm system is
affecting a fairly large area of northern Ohio
and western Pennsylvania. To the west of this
area, the observations are mostly of clear skies.
The same is true on the far eastern edge of the
map, where skies are also mostly clear. Note how
similar the cloud type observations are to each
other within a region.

Each cloud cover observation also contains a
cloud type observation, where students identify
each of the ten possible cloud types present.
Making a map of such observations would be
very complicated, since there are so many pos-

sible combinations. GLOBE maps of cloud cover
are drawn by dividing all cloud types into their
height categories — low, middle, and high — and
combinations of these. See Figure AT-CL-3.

Let’s concentrate on eastern Ohio once again.
Note that almost all of the observations are
red, with a couple of green squares, a couple of
blue squares, and one purple square. The map
legend shows that red squares are low clouds (L),
green squares are middle clouds (M), and blue
squares are high clouds (H). The purple square is
for an observation of low and high clouds (L+H)
combined. Once again, the cloud observations
are generally similar to each other, with most
GLOBE schools reporting that low clouds were
present.

If you look to the eastern edge of the map, there
are many schools reporting high clouds, middle
and high clouds, or low and high clouds. Perhaps
these schools are in the path of a storm system
that is moving their way from eastern Ohio.

An Example of a Student Research
Investigation

Designing an Investigation

Natalie has always been interested in clouds. She
is always drawing them and making shapes out of
them in her mind. Natalie is one of the students
in her class who volunteers to take GLOBE Atmo-
sphere measurements and really likes to observe
the clouds. Natalie decides to make her own cloud
chart for the class, using cotton balls, white paper,
blue construction paper, and glue. Her teacher
decides to make that a class project, and they
make a beautiful display board with cloud cover
examples on it (from the Estimating Cloud Cover
Learning Activity), and pictures of each of the ten
cloud types.

Natalie wonders if the sky that she sees is the
same sky that others see at nearby schools. The
class decides to compare their cloud observa-
tions each day to those of two other schools
in their area, another elementary school and a
middle school. Some of the children think that
it is a game that has to be won by finding the
most cloud types, but that is quickly corrected
by the teacher. She tells the students that they
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are collecting data that scientists will be using
in research work, and that it is important that
they do this job well. It does not take long for
the students to all pitch in and do a good job
collecting their observations.

Collecting and Analyzing Data

After they have made their cloud observations for
about three weeks, the students use the GLOBE
visualization tool to find other nearby schools
with many cloud observations. They decide to
limit their search to schools within 50 km of their
school and they find 7 other schools. One of the
students has a big sister that goes to a middle
school they found, and another attended a dif-
ferent elementary school last year, so they choose
those two schools.

The students decide to compare data first by
printing out maps for each day for cloud cover
and cloud type. Using these maps, they make an
observation that the cloud cover observations
at the nearby schools are not always the same
as theirs.. In particular, the other elementary
school, which is near the mountains, seems to
have more cloud cover and more observations
of cumulus clouds than Natalie’s school. They
decide that this will be a good investigation.
The middle school reports cloud observations
similar to theirs.

The students read about mountain weather and
discover that in mountain areas there usually are
more clouds, because as the air is blown across
the mountains it has to rise, and rising air often
leads to cloud formation. Because strong upward
motions form the clouds, they tend to be cumu-
lus and even cumulonimbus clouds. This seems
to explain what they are seeing, and Mrs. Jones
suggests that they test this explanation.

The students expect to find that GLOBE schools
near the mountains have more cloud cover
and more observations of cumulus clouds than
other nearby schools farther away from the
mountains.

After examining data for an entire year, the
students find the following data for 240 obser-
vations:

Natalie’s Mountain View
school school
No clouds 15 10
Clear 33 27
Isolated 18 14
Scattered 32 35
Broken 64 66
Overcast 71 79
Obscured Sky 7 9

It is clear indeed that the Mountain View school
has more overcast days and fewer clear days (or
days with no clouds) than Natalie’s school. The
students are happy that they have been able to
test their explanation with observations.

Future Research

Another curiosity they observe, with their teacher’s
help, is the larger number of observations of
low cloud (23 more days with low cloud types
at Mountain View School than Natalie’s school),
and they wonder if they are cumulonimbus or cu-
mulus clouds? They also wonder if the Mountain
View school has more precipitation than Natalie’s
school, if they have more cumulonimbus clouds.
The students are eager to begin their next inves-
tigation!
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Figure AT-CL-2
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Purpose

To measure the aerosol optical thickness of the
atmosphere (how much of the sun’s light is
scattered or absorbed by particles suspended
in the air)

Overview

Students point a GLOBE sun photometer at the
sun and record the largest voltage reading they
obtain on a digital voltmeter connected to the
photometer. Students observe sky conditions
near the sun, perform the Cloud, Optional
Barometric Pressure (optional) and Relative
Humidity Protocols, and measure current air
temperature.

Student Outcomes

Students understand the concept that the
atmosphere prevents all of the sun’s light from
reaching Earth’s surface and they learn what
causes hazy skies.

Science Concepts

Earth and Space Science

The atmosphere is composed of different
gases and aerosols.

The sun is the major source of energy for
changes in the atmosphere.

The diurnal and seasonal motion of the
sun across the sky can be observed and
described.

Geography

Human activities can modify the physical

environment.
Atmosphere Enrichment

Aerosols decrease the amount of solar
energy reaching Earth’s surface.

Aerosols in the atmosphere increase haze,
decrease visibility, and affect air quality.

Scientific Inquiry Abilities

Use a sun photometer and voltmeter to
measure the amount of direct sunlight.

Identify answerable questions.

Design and conduct scientific
Investigations.

Use appropriate mathematics to analyze
data.

Develop descriptions and explanations
using evidence.

Recognize and analyze alternative
explanations.

Communicate procedures and
explanations.

Time
15-30 minutes to collect data

Level
Middle and Secondary

Frequency

Every day, weather permitting

Materials and Tools

Calibrated and aligned GLOBE sun
photometer

Digital voltmeter

Watch, preferably digital (or GPS
receiver)

Thermometer

Hygrometer or Sling psychrometer

GLOBE Cloud Chart

Barometer (optional)

Aerosols Data Sheet

Preparation

Practice using a digital voltmeter.

Prerequisites

Cloud, Relative Humidity, and Optional
Barometric Pressure (optional) Protocols

Ability to measure current air temperature
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Aerosols Protocol -
Introduction

Background

The atmosphere is composed of molecules of gas
and small solid and liquid particles suspended
in the air, called aerosols. Some aerosols are
naturally produced from volcanoes, sea spray,
sand, or wind-driven erosion of surface soil. Some
aerosols are a result of human activity, such as dust
from agricultural activities, smoke from burning
biomass and fossil fuels and photochemically
induced smog due primarily to vehicle emissions.
Drops and ice crystals that form when water vapor
freezes or condenses are also aerosols.

Most aerosols are in the troposphere, but large
volcanic eruptions can inject aerosols and
trace gases much higher into the stratosphere.
Aerosols in the stratosphere may remain for
years while in the troposphere, precipitation and
interactions with Earth’s surface remove aerosols
in ten days or less.

Aerosols are too small to be individually visible,
but you can often see their combined effect
when the sky is hazy or looks dirty. Brilliant
orange skies at sunrise and sunset may also be
indicators that aerosols are present.

Aerosols influence our weather and climate
because they affect the amount of sunlight
reaching Earth’s surface. Volcanic aerosols in
the stratosphere have changed surface air
temperatures around the world for years at a time.
Biomass burning causes large local increases in
aerosol concentrations that can affect regional
weather. Taken together with other atmospheric
measurements, aerosol measurements help
scientists to better understand and predict
climate and to understand atmospheric
chemistry.

Aerosol concentrations vary significantly with
location and time. There are seasonal and diurnal
variations as well as unpredictable changes due
to events such as large dust storms and volcanic
eruptions. Aerosols are highly mobile; they can

cross oceans and mountain ranges. It is generally
agreed that, because of higher concentrations of
aerosols, skies in many parts of the world are
hazier than they were one or two centuries ago,
even in rural areas.

Aerosol optical thickness (AOT, also called
aerosol optical depth) is a measure of the extent
to which aerosols affect the passage of sunlight
through the atmosphere. The larger the optical
thickness at a particular wavelength, the less
light of that wavelength reaches Earth’s surface.
Measurements of aerosol optical thickness
at more than one wavelength can provide
important information about the concentration,
size distribution, and variability of aerosols in
the atmosphere. This information is needed for
climate studies, for comparison with satellite
data and to understand the global distribution
and variability of aerosols.

Investigating Aerosols

Scientists have many questions regarding aerosols.
How do aerosol concentrations change with the
seasons? How are aerosol concentrations related to
the weather and climate? How does smoke from
large forest fires affect sunlight reaching Earth’s
surface? How long do volcanic emissions stay in
the atmosphere and where do they go? How is
air pollution related to aerosols? How do large
industrial facilities and agricultural activities affect
aerosols? How do aerosols affect a satellite’s view of
Earth’s surface? Global measurements are needed
to monitor the present distribution of aerosols and
to track events that alter aerosol concentrations.
Their study can lead to a better understanding of
Earth’s climate and how it is changing.

By reporting measurements regularly, you can
provide scientists with the data they need and you
can start to answer some questions about aerosols
for your own data collection site. You may even
observe plumes of aerosols originating thousands
of kilometers away as they pass through your
area. By building a data record that extends across
several seasons and includes data from many
locations, GLOBE can help scientists learn more
about the global distribution of aerosols.
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Teacher Support

Understanding Measurements of
Aerosols

Aerosol measurements are best understood in
the context of the other GLOBE atmospheric
measurements. There may be observable
relationships between aerosols and temperature,
cloud cover, relative humidity, and precipitation.
Certainly, aerosols vary seasonally. Thus, it is helpful
to approach this topic as part of a “big picture” of
the atmosphere and its properties.

An introduction to the concepts of solar elevation
angle and relative air mass is essential to
understanding these measurements. The Learning
Activities Making a Sundial and Calculating Relative
Air Mass describe activities to measure these
values. Advanced-level students with appropriate
mathematics backgrounds can calculate their own
value for aerosol optical thickness using the Looking
at the Data section. They can then compare their
calculations to the value calculated by the GLOBE
Data Server.

The GLOBE Sun Photometer

The GLOBE sun photometer has two channels, each
of which is sensitive to a particular wavelength of
light — green light at about 505 nanometers (nm)
and red light at about 625 nm. Green light is near
the peak sensitivity of the human eye; hence, a
visibly hazy sky is likely to have a large aerosol
optical thickness at this wavelength. Red light
is more sensitive to larger aerosols. Data from a
single channel enables the calculation of AOT in a
particular wavelength range but it does not provide
information about the size distribution of aerosols.
Combining data from more than one channel
provides information on size distribution. Knowing
the size distribution helps identify the source of the
aerosols.

Measurements taken with the GLOBE sun photometer
are in units of volts. These values must be converted
to aerosol optical thickness. Since the calculations
require mathematics (logarithmic and exponential
functions) that are appropriate only for high school
students taking a pre-calculus mathematics course,
the GLOBE Data Server will perform the calculations
based on the voltage readings submitted by students
and return a value of optical thickness for students

to use. There is a Looking at the Data section for
advanced students that includes the equation for
converting sun photometer measurements into
aerosol optical thickness. A typical aerosol optical
thickness value for visible light in clear air is
roughly 0.1. A very clear sky may have an AOT at
green-light wavelengths of 0.05 or less. Very hazy
skies can have AOTs of 0.5 or greater.

It may be easier to understand the concept of
optical thickness when it is expressed in terms
of the percentage of light that is transmitted
through the atmosphere, according to this
formula:

percent transmission = 100 x ¢

where a is optical thickness at a particular
wavelength. This calculation gives the percentage
of light at a particular wavelength that would
be transmitted through the atmosphere if
the sun were directly overhead. For an optical
thickness of 0.10, the percent transmission is
about 90.5%.

For students who are not yet comfortable with
exponential functions, Table AT-AE-1 gives
percent transmission as a function of optical
thickness.

Table AT-AE-1

Optical Percent
Thickness |Transmission|
0.10 90.5%
0.20 81.9%
0.30 74.1%
0.40 67.0%
0.50 60.7%
0.60 54.9%
0.75 47.2%
1.00 36.8%
1.25 28.7%
1.50 22.3%
2.00 13.5%
2.50 8.2%
3.00 5.0%
3.50 3.0%
4.00 1.8%
5.00 0.7%
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Where and When to Take Sun
Photometer Measurements

The logical place to take sun photometer
measurements is the same place where you do
your cloud observations and other atmosphere
protocols. If you take measurements at some
other place, you need to define it as an additional
Atmosphere Study Site.

Ideally, aerosol measurements should be made
in the morning when the solar elevation angle
is at least 30 degrees. This is because, generally,
the air in the morning is less turbulent than
air near noon when the sun is high in the sky,
or in the afternoon, especially in the heat of
summer. The less turbulent the air, the easier it
is to obtain reliable measurements. During the
winter in temperate and higher latitudes, the
relative air mass at your location may always be
greater than 2. You can still take measurements,
but you should take them as close to solar noon
as possible. Although you should try to take
measurements during optimum conditions, it is
OK to take and report measurements whenever
it is convenient and you have an unobstructed
view of the sun.

If you wish to collect sun photometer data that
support ground validation efforts for Earth-
observing spacecraft, you may need to take
measurements at specific times, corresponding
to spacecraft overflights of your observing site.
For more information about this activity, please
contact the GLOBE Science Team.

Instrument Care and Maintenance

Your GLOBE sun photometer is a simple and
rugged device with no easily breakable parts.
However, you must take care of it in order to take
accurate measurements. Here are some things you
should do (and not do) to make sure your sun
photometer performs reliably over long periods
of time.

1. Do not drop your photometer.

2. Protect your sun photometer from dirt and
dust by storing it in a sealed plastic bag
(such as a plastic sandwich bag) when you
are not using it.

3. Do not expose your sun photometer to
extremely hot or cold temperatures by

leaving it in the sun or on a radiator or by
leaving it outside.

4. Keep your sun photometer turned off when
it is not in use.

5. Check the battery voltage every few
months. See Checking and Changing Your
GLOBE Sun Photometer Battery. Your sun
photometer uses very little power when
you take measurements, so the battery
should last for many months of normal use.
If you accidentally leave the photometer
turned on for hours or days when you
are not using it, check the battery before
taking additional measurements and
replace it if necessary.

6. Do not modify the electronics inside your
sun photometer in any way. The calibration
of your instrument depends critically on
retaining the original components on the
circuit board.

7. Do not enlarge the hole(s) in the case
through which sunlight enters your sun
photometer. The calibration of your sun
photometer and the interpretation of its
measurements are based on the size of this
hole. If you change it, your measurements
will no longer be valid.

With a little care, your sun photometer will work
reliably for many years. Although the GLOBE
Science Team might ask you to return your sun
photometer for recalibration, under normal
conditions no periodic recalibration is necessary.
If your instrument appears not to be working
correctly, consult with GLOBE before doing
anything else.

Checking and Changing Your GLOBE
Sun Photometer Battery

At least every three months, check the voltage of
the battery in your sun photometer and replace
the battery if necessary. If your sun photometer
has a built-in digital voltmeter and a “low battery”
indicator appears, or if the voltages from your
instrument appear erratic, replace the battery at
once. (See the Checking and Changing Your GLOBE
Sun Photometer Battery Lab Guide for Instructions.)
Replacing the battery will not change the calibration
of your instrument and measurements made with
the old battery will be OK as long as you replace the
old battery before its voltage falls below 7.5 V.
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Checking and Changing Your
GLOBE Sun Photometer Battery

Lab Guide

Task

Check the battery in the sun photometer and replace it if necessary.

What You Need
(1 Small Phillips-head screwdriver O Any standard, new 9 V battery if the old battery
needs replacing (rechargeable batteries are not
O Voltmeter recommended for this instrument)
In the Lab

1. Open the case by removing the four screws in the cover.
Do not remove the printed circuit board or disturb the electronics in any way.

Do not touch the front surface of the LED detectors (the round green and red devices on the
front of the printed circuit board).

2. With the instrument turned on, use a voltmeter to measure the voltage across the two
connectors on the battery holder.

Note that new 9-volt batteries typically produce voltages greater than 9 V, and can even
produce voltages in excess of 10 V.

3. If the voltage is less than 7.5V, replace the battery. Any standard 9 V battery is OK. Alkaline
batteries are more expensive than other types and are not required. Note that the
connectors on the + and -terminals are different, so the battery will fit in its holder only one
way. Rechargeable batteries are not recommended for this instrument.

4. When you are done, check the operation of your sun photometer by letting sunlight shine
on the LED detectors. You do not have to replace the cover while you are performing this
test. Whenever an LED is not shadowed, you should see a voltage substantially larger than
the “dark” voltage.

5. When you are sure the photometer is working, replace the cover. If your sun photometer has
a foam strip on the lid, make sure the cover is oriented so this strip pushes against the top of
the printed circuit board. Tighten the screws until they are snug, but do not force them.
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If you want to convince yourself that replacing
the battery has not changed the calibration of
your instrument, wait for a clear day. Make a few
measurements right before and right after you
change the battery. These measurements should
be consistent as long as the old battery voltage
was not significantly less than 7.5 V.

Student Preparation

1. Prior to implementing this protocol, it
will be helpful to spend a few minutes
in your classroom or lab practicing how
to use a digital voltmeter. When the
voltmeter is connected to a circuit that is
not producing a voltage signal, the digital
display may indicate the presence of a
small voltage (perhaps a few millivolts).
This is normal operation, but it may be
confusing to students who are expecting
to see a voltage of 0.0 V. (Note: If your sun
photometer has a built-in voltmeter, you
do not need a separate digital voltmeter to
take measurements. However, if you have
a separate digital voltmeter, this is still a
useful activity.)

2. In order to calculate aerosol optical
thickness from your measurements,
GLOBE must know the true barometric
pressure (the station pressure) at your
site when you took your measurements.
The preferred source for local barometric
pressure is an online or broadcast weather
source for your area (such as the National
Weather Service in the U.S.). See the
Optional Barometric Pressure Protocol.
Locating such a source should be part of
student preparation for this protocol. If
an online source is not available, there are
other options discussed in Getting Ready to
Take Measurements, below. Almost always,
barometric pressure is reported adjusted to
what it would be at sea level. This enables
meteorologists to draw weather maps over
terrain with varying elevation. GLOBE
uses the elevation data from your site
definition to adjust the sea level pressure
you report to the station pressure needed
to calculate AOT.

3. Current air temperature and relative
humidity are also helpful supporting
information for this protocol. Have
students practice these measurements as
well. See the Digital Multi-Day Max/Min
Current Temperature Protocol Field Guide,
steps 1-5 of the Maximum, Minimum
and Current Temperature Protocol Field
Guide, steps 1-4 of the Digital Single-Day
Maximum and Minimum Temperature
Protocol Field Guide or the Current Air
Temperature Protocol Field Guide and the
Relative Humidity Protocol.

4. The presence of thin, high (cirrus)
clouds in front of the sun will affect
sun photometer readings. This is why
it is important that students gain
some experience in identifying clouds,
especially cirrus clouds, as described in
the Cloud Protocols.

5. Tt is especially important to take sun
photometer measurements in the
prescribed way and under acceptable
sky conditions. A Classroom Preparation
Guide is provided to help you prepare. It
describes in detail the steps required to
take and record a measurement, along
with the reasons for each step. It parallels
the Field Guide that simply lists the steps
in order without explanation. As part
of their preparation for this protocol,
students should study the Classroom
Preparation Guide to make sure they
understand the critical parts of each step.

Questions for Further Investigation

To what extent is AOT related to other atmospheric
variables — temperature, cloud type and cover,
precipitation, relative humidity, barometric
pressure, and ozone concentration?

How does AOT relate to the appearance of a
distant landmark or to the color of the sky?

Does AOT vary with site elevation? If so, how?

How does AOT vary as surroundings change from
urban to rural?

How does AOT vary with the seasons?
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Classroom Preparation Guide
Task

Record the maximum voltage reading that can be obtained by pointing your photometer at the sun.
Record the precise time of your measurement.

Observe and record cloud conditions, current air temperature, and relative humidity.

What You Need

U Calibrated and aligned GLOBE sun

photometer

U Hygrometer or sling psychrometer
U Digital voltmeter (if your sun photometer

does not have a built-in voltmeter) U Field Guides for cloud, relative humidity

and one air temperature protocol
U Watch, preferably digital or GPS receiver

U Aerosols Data Sheet 3 Pencil or pen

U GLOBE Cloud Chart
U Barometer (optional)

U Thermometer

Getting Ready To Take Measurements

In order for the Science Team to interpret measurements made with your sun photometer, you must
provide the longitude, latitude, and elevation of your observing site, as required for other GLOBE
measurements. You do this once, when you define an Atmosphere Study Site. Other values and
observations must be provided along with each measurement, as shown on the data entry form. The
purpose of this section is to give you the information you need to complete the data entry.

Time

It is important to report accurately the time at which you take a measurement because the Science Team
needs to calculate solar position at your site and that calculation depends on time. The GLOBE standard
for reporting time is UT, which can be calculated from local clock time based on your time zone and
the time of year. For this protocol, it is absolutely essential to convert local time to UT correctly; be
especially careful when your local time is summer (“daylight savings”) time. For example, you must

add 5 hours to convert Eastern Standard Time to UT, but only 4 hours to convert Eastern Daylight
Time to UT.

Time should be reported at least to the nearest 30 seconds. A digital watch or clock is easier to use
than an analog one, but in either case you must set your timepiece against a reliable standard. The
time accuracy requirements for this protocol are stricter than for the other GLOBE protocols. However,
it is not difficult to set your clock or watch to meet this standard. You can get time online at www.
time.gov. In many places, you can get an automated local time report by phone from a local radio
or TV station. Your GPS receiver will report UT. In some places, you can buy a clock that sets itself
automatically by detecting radio signals from a government-sponsored official time source. (In the
U.S., for example, this so-called “atomic clock” signal is broadcast over station WWBV.)

It might be tempting to use the time stored in your computer as a standard. However, this is not a
good idea, as (perhaps surprisingly) computer clocks are often not very accurate, and they must be
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set periodically according to a reliable standard. Note that some computer operating systems will
automatically switch your computer clock back and forth between standard and summer (“daylight
savings”) time. You should be aware of when this change occurs if you need to manually convert
time from your local clock time to UT.

The preferred time of day for reporting sun photometer measurements at most latitudes, during most
of the year, is mid-morning. However, it is acceptable to take these measurements any time during the
day between mid-morning and mid-afternoon. No matter what time you take measurements, be sure
to report UT as accurately as possible, as noted above. The Science Team understands that it may be
most convenient to take these measurements at the same time you collect your other atmospheric
data. Measurements should be made at a relative air mass of no more than 2 whenever possible.
(Refer to the Learning Activity that discusses relative air mass. A relative air mass of 2 corresponds
to a solar elevation angle of 30 degrees.) During the winter in temperate and higher latitudes, the
relative air mass at your location may always be greater than 2. You can still take measurements,
but you should take them as close to solar noon as possible.

If you are taking sun photometer measurements in support of ground validation activities for
Earth-observing spacecraft, then the measurement times will be based on the times of spacecraft
overflights of your observing site.

Sky Conditions

When you record sun photometer measurements, you should also record other information about the
sky, including cloud cover and cloud type, sky color, and your own assessment of how clear or hazy
the sky is.

Sky color and clarity are subjective measurements but, with practice, you can learn to be consistent
in your own observations. For example, you can easily learn to recognize the bright blue clear sky
associated with low aerosol optical thickness. As the aerosol concentration increases, the sky color
changes to a lighter blue color. It may appear milky rather than clear. In some places, especially in
and near urban areas, the sky can have a brownish or yellowish tint due to air pollution (primarily
particulates and NO,).

When there are obvious reasons for high values of aerosol optical thickness, the Science Team needs
to know about them. This is why you are also asked to comment about why you think the sky is
hazy. It could be due to urban air pollution, a volcanic eruption, or dust from agricultural activity,
for example.

Sun photometer measurements can be interpreted properly only when the sun is not obscured
by clouds. This does not mean that the sky must by completely clear, but only that there must be
no clouds in the vicinity of the sun. This is not necessarily a simple decision. It is easy to determine
whether low- and mid-altitude clouds are near the sun, but cirrus clouds pose a more difficult
problem. These clouds are often thin and may not appear to block a significant amount of sunlight.
However, even very thin cirrus clouds can affect sun photometer measurements. For this reason, if
you observe cirrus clouds earlier or later in the day relative to when you report measurements, you
should note this fact on your data entry form.

Another difficult situation occurs in typical summer weather, especially near large urban areas. In
this environment, very hazy skies and hot humid weather often make it difficult to distinguish cloud
boundaries. Such conditions can produce relatively large values of aerosol optical thickness (any
value greater than about 0.3-0.5) that may not represent the actual state of the atmosphere. It is
important to describe such conditions whenever you report measurements.

To get a better idea of where cloud boundaries are, you can observe the sky through orange or
red sunglasses, or through a sheet of translucent orange or red plastic. These colors filter out blue
skylight and make clouds more distinct.
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Never look directly at the sun, even through colored sunglasses or plastic sheets! This can damage
your eyes.

Fog is another potential problem. It can make things look hazy. But fog (a stratus cloud at ground
level) is not the same as atmospheric haze from aerosols. Conditions where the sun is shining
through even light fog are unsuitable for taking sun photometer measurements. In many locations
fog dissipates before mid-morning, so it will not affect your measurements.

Whenever you try to determine sky conditions before taking sun photometer measurements, you
must block the sun itself with a book, a sheet of paper, a building or tree, or some other object. A
sensible rule is that if you can see any shadows at all on the ground, you should not try to look at
the sun. If in doubt, or if you believe you cannot determine sky conditions near the sun, do not take
a measurement!

Temperature

The electronics in your GLOBE sun photometer, and especially its LED detectors, are temperature-
sensitive. This means that the output will change under the same sunlight conditions as the sun
photometer warms and cools. Therefore, it is important to maintain your sun photometer at
approximately room temperature. To alert the Science Team to potential problems with temperature,
we ask that you report air temperature along with your sun photometer measurements.

If you are taking sun photometer measurements at the same time you record temperature data from
your weather station, you can use that current temperature. Otherwise, you must measure the air
temperature separately. The preferred way to obtain air temperature values is to take them following
the GLOBE Temperature Protocols using a thermometer that meets GLOBE standards mounted in an
appropriate weather shelter. Alternatively, a value can be obtained from an online source or from
a thermometer that does not necessarily meet GLOBE standards. Non-GLOBE temperature values
should be reported as metadata on the Data Sheet, and not in the air temperature field.

In terms of instrument performance, the relevant temperature is not necessarily the outside
temperature, but air temperature inside your sun photometer’s case. Newer GLOBE sun photometers
include a built-in sensor that monitors air temperature inside the instrument, near the LED detectors.
These instruments have a rotary switch on the top of the case rather than a green/red channel toggle
switch. If your sun photometer includes this feature, there is a place to report case temperature
on the Data Sheet. The temperature, in degrees Celsius, is 100 times the voltage displayed on the
voltmeter when the “T” channel is selected. For example, a voltage reading of 0.225 V corresponds
to a temperature of 22.5° C. Ideally, this temperature should be in the low 205%.

There are some steps you should take to minimize temperature sensitivity problems. Keep your
sun photometer inside, at room temperature, and bring it outside only when you are ready to take
a measurement. In the winter, transport it to your observing site under your coat, for example, to
keep it warm. In very hot or very cold weather, you can wrap the instrument in an insulating material
such as an insulated sandwich bag, a towel, or pieces of plastic foam. In the summer, keep your
instrument shielded from direct sunlight whenever you are not actually taking a measurement. You
should practice taking and recording measurements so that an entire set of voltage measurements
should take no more than two or three minutes.

Relative Humidity

Relative humidity is a useful addition to the Aerosols Protocol metadata because high (or low) values
of relative humidity are often associated with high (or low) aerosol optical thickness values. There is a
Relative Humidity Protocol available for this measurement, which requires a digital hygrometer or sling
psychrometer, but it is also OK to use an online or broadcast value from within an hour of your sun
photometer measurements. Online values should only be reported as comments while values you obtain
following the Relative Humidity Protocol are valid GLOBE data and may be reported as such.
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Barometric Pressure

Unlike the previous values described in this section, the station pressure at your observing site is required
in order to calculate aerosol optical thickness. Unless your site is very close to sea level, the barometric
pressure reported on weather broadcasts, in your local newspaper, and on the Web is not station pressure.
Why? Because in such reports, the true barometric pressure has been adjusted to what it would be at sea
level. This enables meteorologists to construct pressure maps that show the movement of air masses over
large areas, independent of the varying elevation of the ground. Barometric pressure decreases roughly 1
mbar for every 10 meters of increased elevation. (See Figure AT-1-1 and the Optional Barometric Pressure
Protocol.)

As noted above, the preferred source of barometric pressure is an online or broadcast value for your
area. A second option is to leave the barometric pressure field blank. In this case, GLOBE will fill in the
barometric pressure using a computer-generated model value. If you have calibrated your classroom
barometer on a regular basis so that it gives sea level pressure and have confidence in that calibration,
you may report a reading from your barometer. However, typical classroom aneroid barometers must
be calibrated regularly as described in the Optional Barometric Pressure Protocol. At higher elevations,
it may not be possible to calibrate your classroom barometer to give an equivalent sea level value.

In the Field

It is much easier for two people to take and record measurements than for one person working alone. If
you can work as a team, divide up the tasks and go through several practice runs before you start recording
real measurements.

1. Connect a digital voltmeter to the output jacks of your sun photometer.
If your sun photometer has a built-in digital voltmeter, you can skip this step. If you need a
separate voltmeter, do not use an analog voltmeter, which cannot be read accurately enough
to be suitable for this task. Be sure to put the red lead in the red jack and the black lead in the
black jack.

2. Turn the digital voltmeter and sun photometer on.

If your sun photometer has a built-in digital voltmeter, the same switch turns on both the meter
and the sun photometer and you do not need to worry about selecting an appropriate voltage
range.

If you are using an external voltmeter, select an appropriate DC volts range. Be careful not to

use an AC volts setting. The appropriate range setting depends on your voltmeter. If it hasa 2 V
(volts) or 2000 mV (millivolts) setting, try that first. If your photometer produces more than 2V,
use the next higher range, often 20 V. Some voltmeters have auto-ranging capability, which means
that there is only one DC volts setting and the voltmeter
automatically selects an appropriate voltage range. If

you are using an auto-ranging voltmeter, make sure you
understand how to read voltages in this range.

Note that if a digital voltmeter is connected to your sun
photometer when the photometer is turned off, you

will get unpredictable readings on the voltmeter, rather
than the value of 0 V you might expect. This is normal
behavior for digital voltmeters. Erratic voltage readings
will also occur if the battery in your sun photometer is too
low to power the electronics. When you turn your sun
photometer on, and it is working properly, the voltmeter
should produce a stable reading of no more than a few
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millivolts indoors or if the sun is not shining on a detector, or a value in the range of roughly 0.5-
2 V when sunlight is shining on the detector.

3. If your sun photometer has a rotary switch on the top of the case, select the “T” setting and record
the voltage.

Multiply the voltage reading times 100 and record this value.

4. Select the green channel on your sun photometer (because the GLOBE data entry page asks for
the green channel first).

5. Hold the instrument in front of you about chest-high or, if possible, sit down and brace the
instrument against your knees, a chair back, railing, or some other fixed object. Find the spot
made by the sun as it shines through the front alignment bracket.

Here is an important safety rule:
Under no circumstances should you hold the sun photometer at eye level and try to “sight”
along the alignment brackets!

Adjust the pointing of your instrument until the spot of sunlight shining through the front
alignment bracket shines on the rear alignment bracket.

6. Adjust the pointing until the sunlight spot is centered over the appropriate colored dot on the rear
alignment bracket. Record this value on your Data Sheet.

Your sun photometer case will have either one or two round holes on the front of the case. If it
has one hole, the rear alignment bracket will have two colored alignment dots - one green and
one red. The sunlight spot must be centered around the green dot when you are taking green-
channel measurements and around the red dot if you are taking red-channel measurements. If
your sun photometer has two holes, the rear alignment bracket will have one blue alignment dot.
The sunlight spot must be centered around this dot regardless of whether you are taking green- or
red-channel measurements.

When you adjust the pointing of your photometer so that the sunlight spot is centered around
the alignment dot, the sunlight shining through the aperture hole(s) on the front of the case is
centered over the LED detector(s) inside the case. It takes a little practice to learn how to center
the sunlight spot over the alignment dot. Be sure the pointing is stable before you record voltages.
It may help to steady your instrument against a chair, post, or other stationary object. The entire
measurement process should not take more than 15 or 20 seconds for each reading of each
channel. Be sure to record all the digits displayed on your voltmeter.

Unless the sky is very hazy, or unless you are taking measurements late in the afternoon or early
in the morning, the voltage should increase to more than 0.5 V. If you are using an auto-ranging
voltmeter, the range will change automatically when you point your photometer directly at the
sun (from a range appropriate for displaying the dark voltage to a range appropriate for displaying
the sunlight voltage).

Small movements of the sun photometer will cause the voltage to vary by a few millivolts. Even
when your sun photometer is completely still and properly aligned with the sun, the voltage will
still vary a little. This is due to fluctuations in the atmosphere itself. The hazier the atmosphere,
the larger these fluctuations. Do not try to average the voltmeter readings. It is important to
record only the maximum voltage you obtain during a few seconds of measurement time, starting
only after the pointing of your instrument has been stabilized. There is a slight time delay
between the time when the voltage output from your instrument changes and when that change
is reflected in the digital reading. With a little practice, you can learn to compensate for this time
delay.
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7.

8.

10.

11.

12.

13.

14.
15.
16.

17.

Record the time at which you observed the maximum voltage as accurately and precisely as
possible. An accuracy of 15-30 seconds is required.

While still pointing your sun photometer at the sun, cover the aperture with your finger to
block all light from entering the case. Take a voltage reading and record this dark voltage
reading on your Data Sheet.

Note that the dark voltage must be reported as volts rather than millivolts, regardless of the
range setting of your digital voltmeter. It is critical to report both the dark voltage and sunlight
voltage in units of volts. It is important to record the dark voltage accurately, reporting all

the digits displayed on your voltmeter. The dark voltage should be less than .020 V (20 mV).
Depending on the characteristics of your instrument and the range setting of your voltmeter, the
dark voltage may display as 0 V If so, report 0.000 V for the dark voltage.

. Select the other channel (the red one, assuming you have started with the green channel) and

repeat steps 6-8.

After you gain experience with your sun photometer, it will be unnecessary to repeat step 8
after every sunlight voltage measurement. Indeed, the dark voltages should not change during
a set of measurements. If this value changes by more than a millivolt or so, it means that your
instrument is getting too hot or cold during the measurement and you need to develop a
measurement strategy that prevents this from happening.

Repeat steps 4-9 at least twice and no more than four times.

This will give you between three and five pairs of green/red measurements in all. It is a good
idea to be consistent about the order in which you record measurements; you should record
green, red, green, red, green, red, green, red, green, red.

The time between measurements is not critical as long as you record the time accurately.
However, as noted above, you should try to minimize the total time required to collect a set of
measurements. Remember that your measurements will not be accurate if your sun photometer
is significantly colder or warmer than room temperature.

If your sun photometer has a rotary switch on the top of the case, select the “T” setting and
record the voltage.

Multiply the voltage reading times 100 and record this value.

Turn off both the sun photometer and the voltmeter (if your instrument does not have a built-in
digital voltmeter).

You can disconnect a separate voltmeter or leave it plugged into the output jacks, depending on
whether your class uses the voltmeter for other purposes.

Note any clouds in the vicinity of the sun in the Comments section of the Aerosols Data Sheet. Be
sure to note the type of clouds by using the GLOBE Cloud Chart.

Do the Cloud Protocols and record your observations on the Aerosols Data Sheet.
Do the Relative Humidity Protocol and record your observations on the Aerosols Data Sheet.

Read and record the current temperature to the nearest 0.5° C following one of the air
temperature protocols.

There are four Field Guides from which to choose listed in the Student Preparation Guide. Be
careful not to touch or breathe on the thermometer.

Complete the rest of the Aerosols Data Sheet. This may be done back in the classroom.
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Field Guide
Task

Record the maximum voltage reading that can be obtained by pointing your photometer at the sun.

Record the precise time of your measurement.

Observe and record cloud conditions, current air temperature, and relative humidity

What You Need

Q Calibrated and aligned

U Thermometer
GLOBE sun photometer
U Hygrometer or sling psychrometer

U Digital voltmeter

U Field Guides for cloud, relative humidity and

Q Watch, preferably digital or GPS receiver one air temperature protocol

Q Aerosols Data Sheet U Pencil or pen

U GLOBE Cloud Chart

U Barometer (optional)

In the Field

1.

10.

11

12.
13.

14.
15.
16.

17.

Connect a digital voltmeter to the output jacks of your sun photometer. (Skip this step if your
sun photometer has a built-in digital voltmeter.)

. Turn the digital voltmeter and sun photometer on.
. If your sun photometer has a rotary switch on the top of the case, select the “T” setting and

record 100 times this voltage.

. Select the green channel.
. Face the sun and point the sun photometer at the sun. (Do not look directly at the sun!)
. Adjust the pointing until you see the maximum voltage in your digital voltmeter. Record this

value on your Data Sheet.

. Record the time at which you observed the maximum voltage as accurately as possible, to

the nearest 15 seconds.

. While still pointing your sun photometer at the sun, cover the aperture with your finger to

block all light from entering the case. Take a voltage reading and record this dark voltage
reading on your Data Sheet.

. Select the red channel (assuming you have started with the green channel) and repeat steps

6-8.
Repeat steps 3-9 at least twice and not more than four times.

. If your sun photometer has a rotary switch on the top of the case, select the “T” setting and

record 100 times this voltage.

Turn off both the sun photometer and the voltmeter.

Note any clouds in the vicinity of the sun in the comments (metadata) section. Be sure to
note the types of clouds by using the GLOBE Cloud Chart.

Do the Cloud Protocols and record your observations on the Aerosols Data Sheet.

Do the Relative Humidity Protocol and record your observations on the Aerosols Data Sheet.
Read and record the current temperature to the nearest 0.5° C following one of the air
temperature protocols.

Complete the rest of the Aerosols Data Sheet.
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Frequently Asked Questions

1. What is a sun photometer and what does
it measure?

A sun photometer is a type of light meter that
measures the amount of sunlight. Most sun
photometers measure the amount of sunlight
for a narrow range of colors or wavelengths.
All sun photometers should measure only the
sunlight arriving directly from the sun and not
the sunlight scattered from air molecules and
aerosols. Therefore a sun photometer is pointed
directly at the sun and the light is collected
through a small aperture (hole or opening) that
greatly restricts the amount of scattered sunlight
that reaches the instrument’s detector(s).

2. The GLOBE sun photometer uses a light-
emitting diode (LED) as a sunlight detector.
What is an LED?

A light-emitting diode is a semiconductor device
that emits light when an electrical current flows
through it. The actual device is a tiny chip only
a fraction of a millimeter in diameter. In the
GLOBE sun photometer, this chip is housed in an
epoxy housing about 5 mm in diameter. You can
find these devices in a wide range of electronic
instruments and consumer products. The
physical process that causes LEDs to emit light
also works the other way around: if light shines
on an LED, it produces a very small current. The
electronics in your sun photometer amplifies this
current and converts it to a voltage.

Generally, the wavelength of light detected by
an LED is shorter than the wavelength of light
emitted by the same LED. For example, certain
red LEDs are relatively good detectors of orange
light. The LED in the GLOBE sun photometer
emits green light with a peak value at about 565
nm. It detects light with a peak at about 525 nm,
which is a little farther toward the blue part of
the light spectrum.

3. What is the field of view of a sun
photometer, and why is it important?

The equation that describes theoretically how to
interpret sun photometer measurements requires
that the instrument should see only direct light
from the sun — that is, light that follows a straight
line path from the sun to the light detector.

/
This requirement can be met only ﬁ
approximately in practice because all o/J
sun photometers will see some scattered
light from the sky around the sun.

The cone of light a sun photometer’s detector
sees is called its field of view, and it is desirable
to have this cone as narrow as possible. The
GLOBE sun photometers field of view is about
2.5 degrees, which GLOBE scientists have
concluded is a reasonable compromise between
the theoretical ideal and practical considerations
in building a handheld instrument. The basic
trade-off is that the smaller the field of view, the
harder the instrument is to point accurately at
the sun. Very expensive sun photometers, with
motors and electronics to align the detector
with the sun, typically have fields of view of 1
degree or less. Studies have shown that the error
introduced by somewhat larger fields of view
is negligible for the conditions under which a
GLOBE sun photometer should be used.

4. How important is it to keep the sun
photometer from getting hot or cold while 'm
taking measurements?

The LED detector in your sun photometer is
temperature-sensitive, so its output is slightly
influenced by its temperature. Therefore, it is
very important to protect your instrument from
getting too hot in the summer or too cold in
the winter. In the summer, it is essential to keep
the instrument case out of direct sunlight when
you are not actually taking a measurement. In
the winter, it is essential to keep the instrument
warm — you can tuck it under your coat between
measurements.

Never leave your sun photometer outside for
extended periods of time. The sun photometer
case itself provides some protection from
temperature changes that can affect the
electronics inside. (This is why newer GLOBE
sun photometers have a built-in temperature
sensor to monitor the air temperature inside
the case, near the detectors.) If you follow these
precautions and take your measurements as
quickly as possible, then your measurements
will be acceptable.
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In extreme conditions (winter or summer),
you should consider making an insulating
housing for your sun photometer. You can use
styrofoam or other foam plastic. Cut holes for
the on/off switch and the sunlight aperture(s),
and a channel for sunlight to get from the front
alignment bracket to the target on the back
bracket. The hole for a sunlight aperture should
be no smaller in diameter than the thickness
of the insulating material itself, and in no case
should it be smaller than about 1 cm.

5.1dropped my sun photometer. What should
I do now?

Fortunately, the components inside your sun
photometer are virtually indestructible, so they
should have survived being dropped. Check
the case for cracks. Even if the case is cracked,
you should still be OK. Just tape over the cracks
— use something opaque, such as duct tape.
Open the case and make sure that everything
looks OK. In particular, make sure that the battery
is still firmly attached to the terminals on the
battery holder.

If the alignment brackets have moved or are loose
as a result of the fall, then your sun photometer
should be returned to the GLOBE Science Team
for realignment and recalibration.

6. How do I know if my sun photometer is
working properly?

When you turn your sun photometer on without
pointing it at the sun, you should measure a
voltage in the range of no more than 20 mV.
On some instruments, dark voltages are less
than 1 mV. When you point your instrument
directly at the sun, the voltage should increase
to a value in the range of about 0.5-2.0 V. Only
in very hazy conditions, late in the afternoon, or
early in the morning, should you see a sunlight
voltage less than 0.5 V. If you do not see the
expected voltages, then your sun photometer
is not working.

The most likely reason for a sun photometer
not to work is that the battery is too weak to
power the electronics. If you suspect this is the
case, then test the battery voltage and replace it
according to the instructions given in Checking
Your GLOBE Sun Photometer Battery. Remember

that a dead or very low battery will not produce
a sunlight voltage of 0 V, but will instead cause
your voltmeter to display erratic values. If you
still believe you have a problem, contact GLOBE
for help.

7. What does it mean to calibrate a sun
photometer?

A sun photometer is considered to be calibrated
if its extraterrestrial constant is known. This
is the voltage you would measure with your
sun photometer if there were no atmosphere
between you and the sun. As an exercise, you
could think about pointing your sun photometer
at the sun from the open cargo bay of the Space
Shuttle as it orbits Earth above the atmosphere.
The voltage you measure would be your
instrument’s extraterrestrial constant. This value
depends primarily on the wavelength at which
your sun photometer detects light and also on
the distance between Earth and the sun. (This
distance varies slightly because Earth follows
a slightly elliptical, rather than a circular, path
around the sun.)

Note that if you really could use a sun photometer
outside Earth’s atmosphere, you would not have
to worry about limiting the field of view. Why?
Because outside the atmosphere there are no
air molecules or aerosols to scatter sunlight.
Hence, your sun photometer will see only direct
sunlight.

As a practical matter, sun photometers must
be calibrated by inferring the extraterrestrial
constant from measurements made at Earth’s
surface. This is called the “Langley plot” method.
These measurements are difficult to take at low
elevation sites with variable weather. GLOBE sun
photometers are calibrated against reference
instruments that have been calibrated using
measurements taken at Mauna Loa Observatory,
which is widely accepted as one of the best
locations for such work.

It is an interesting project to make your own
Langley plot calibrations and compare the
results with the calibration assigned to your sun
photometer. If you would like to do this, contact
GLOBE for additional help.
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8. Can I make my own sun photometer?

You can purchase a sun photometer Kkit.
Constructing a sun photometer involves
soldering some electronic components, which is
a skill students need to learn under supervision
by someone who has done it before. You can
start taking measurements as soon as you have
assembled your instrument. However, at some
point, you must send your sun photometer to
the GLOBE Science Team for calibration before
your data can be accepted into the GLOBE Data
Archive.

9. How often must I take sun photometer
measurements?

The protocol asks that you take measurements
every day, weather permitting. In some parts
of the world, it is possible to go many days
without having weather suitable for taking these
measurements. It is highly desirable to have a
plan for taking measurements on weekends
and during holiday breaks (especially during
extended summer holidays).

10. How can I tell whether the sky is

clear enough to take sun photometer
measurements?

The basic rule is that the sun must not be blocked
by clouds during a measurement. It is OK to
have clouds near the sun. This can be a difficult
decision, because you are never supposed to
look directly at the sun. You can look at the sky
near the sun by blocking the sun with a book
or notebook. An even better idea is to use the
comer of a building to block the sun. It is very
helpful to wear sunglasses when you make these
decisions because they protect your eyes from
UV radiation. Orange-tinted sunglasses will help
you see faint clouds that might otherwise be
invisible.

If you have concerns about a measurement,
note them in the Comments section of the
Aerosols Data Sheet when you report the
measurement. Thin cirrus clouds are notoriously
difficult to detect, but they can dramatically
affect sun photometer measurements. If you
see cirrus clouds in the hours before or after a
measurement, be sure to include that in your
sky description.

11. What are aerosols?

Aerosols are liquid or solid particles suspended
in air. They range in size from a fraction of a
micrometer to a few hundred micrometers. They
include smoke, bacteria, salt, pollen, dust, various
pollutants, ice, and tiny droplets of water. These
particles interact with and scatter sunlight. The
degree to which they affect sunlight depends on
the wavelength of the light and the size of the
aerosols. This kind of particle-light interaction is
called Mie scattering, named after the German
physicist Gustav Mie, who published the first
detailed mathematical description of this
phenomenon in the early part of the twentieth
century.

12. What is optical thickness?

Optical thickness (or optical depth) describes
how much light passes through a material. The
amount of light transmitted can be quite small
(less than a fraction of 1%) or very large (nearly
100%). The greater the optical thickness, the less
light passes through the material. As applied to
the atmosphere, aerosol optical thickness (AOT)
describes the extent to which aerosols impede
the direct transmission of sunlight of a certain
wavelength through the atmosphere. In a very
clear sky, AOT can have values of 0.05 (about 95%
transmission) or less. Very hazy or smoky skies
can have AOT values in excess of 1.0 (about 39%
transmission).

Percent transmission through the atmosphere
is an alternate way to describe the same
phenomenon. There is a simple relationship
between AOT and transmission expressed as a
percentage:

transmission (%) = 100 x 40D

Refer to Table AT-AH-1 to see the percent
transmission for several values of AOT. Any
scientific calculator should have an e* function
key. Try to reproduce one or more of the
examples in this table to check if you understand
how to use a calculator to convert AOT to percent
transmission.

13. What is Beer’s Law?

August Beer was a nineteenth-century German
physicist who worked in the field of optics.
He developed the principle known as Beer’s
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Law, which explains how the intensity of a
beam of light is reduced as it passes through
different media. Other nineteenth-century
physicists also examined this law and applied
it to the transmission of sunlight through the
atmosphere. Hence, the equation used to
describe how sun photometers work is usually
referred to as the Beer/Lambert/Bouguer law. As
applied to a sun photometer, Beer’s Law is

V. = V(r/ro)zexp{-m[AOT + Rayleigh(p/po)]}

Where 1/r_ is Earth-sun distance in astronomical
units, m is the relative air mass, AOT is the
aerosol optical thickness, Rayleigh is the optical
thickness due to Rayleigh scattering, and p/p,
is the ratio of current atmospheric pressure to
standard atmospheric pressure (1013.25 mbar).
You need to be comfortable with exponential
and logarithmic functions before you use this
formula to make your own calculations of
aerosol optical thickness. Also, you need to know
your sun photometer’s calibration constants
— one value of V, for each of the two channels
— and the Rayleigh coefficients corresponding
to each wavelength. If you would like to do
this calculation on your own, you will need to
obtain the calibration constants and Rayleigh
coefficients from GLOBE.

14. What is relative air mass (m)?

Relative air mass (m) is a measure of the amount
of atmosphere through which a beam of sunlight
travels. At any location or elevation, the relative
air mass is 1 when the Sun is directly overhead
at solar noon. (Note: At any latitude greater than
about 23.5 degrees, north or south, the sun is
never directly overhead, so the sun can never be
observed through a relative air mass of 1.

A simplified formula for relative air mass is
1
" sin (elevation)

where “elevation” is the angle of the sun above
the horizon. This calculation is sufficiently
accurate for relative air masses up to about
2. Larger values require a more complicated
formula that corrects for the curvature of Earth’s
surface.

15. What is Rayleigh scattering?

Molecules of air scatter sunlight. Air molecules
scatter ultraviolet and blue wavelengths
much more efficiently than red and infrared
wavelengths. (This is why the sky is blue.) This
process was first described in the nineteenth
century by the Nobel-prize-winning British
physicist John William Strutt, the third Baron
Rayleigh.

16. How accurate are aerosol measurements
made with the GLOBE sun photometer?

The accuracy of sun photometer measurements
has been studied for decades by atmospheric
scientists, and it remains a topic of some debate.
There are some inherent limitations to measuring
atmospheric aerosols from Earth’s surface, and
there are also some limitations imposed by the
design of the GLOBE sun photometer.

Measurements made carefully according to
the protocols should be accurate to within less
than about 0.02 AOT units. For very clear skies,
with AOT values of perhaps less than 0.05, this
is a significant percentage error. However, even
operational “professional” sun photometers
claim accuracies of no better than 0.01 AOT
units. Thus, the accuracy of measurements made
carefully with a GLOBE sun photometer are
comparable to measurements made with other
sun photometers.

Unlike some other GLOBE measurements, there
is no easily accessible standard against which to
check the accuracy of AOT calculations. GLOBE
aerosol measurements will be subjected to
scrutiny by the GLOBE Science Team and others
for the foreseeable future. Nevertheless, it is fair
to say that GLOBE aerosol measurements can
achieve a level of accuracy that can be extremely
useful to the atmospheric science community.

17. Will scientists really be interested in my
aerosol measurements?

The answer to this question is an only slightly
qualified “Yes.” Comparatively few sun
photometers are in use around the world. Since
recent studies have shown that aerosols can
block considerable sunlight, thus causing a
cooling effect on Earth’s climate, there is renewed
interest in sun photometer measurements.
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Upcoming Earth-monitoring satellite missions
will focus on global characteristics of the
atmosphere and its constituents. It is essential
that reliable ground- based data measurements
be available to calibrate satellite instruments and
validate their measurements.

GLOBE schools provide the potential to establish
a global aerosol monitoring network that is
otherwise unattainable. On a regional scale,
there is essentially no comprehensive monitoring
of aerosols produced naturally by water vapor,
naturally occurring forest and brush fires, dust,
pollen, gases emitted by plants and trees, sea
salt, and volcanic eruptions. The same is true for
monitoring aerosols produced by automobile
emissions, coal-burning power plants, intentional
burning of forests and rangelands, certain
industrial and mining operations, and dust
from unpaved roads and agricultural fields.
Again, GLOBE schools provide the potential for
addressing these topics.

Here'’s the qualification to the “Yes.” In most
situations, aerosol measurements must be
taken in the same place for many months, and
even for years, in order to have lasting scientific
interest. It is sometimes difficult to keep in
mind the long-term value of taking the same
measurements day after day. (This is not just a
problem for aerosol measurements, of course.)
In the case of aerosols, persistence is especially
important due to the long time scales required
to observe and analyze significant changes in
the atmosphere.

What about ground validation measurements for
space-based measurements? In this case, even a
few accurate ground-based measurements can be
valuable. However, it is still important to establish
as long a data collection record as possible. This
will give scientists confidence in your work,
and will establish an aerosol “baseline” for your
observing site, against which to evaluate unusual
conditions when they occur.

So, the conclusion is: If you follow the protocols
and provide careful measurements (especially
during the summer), then there is no doubt that
scientists will value your contribution now and
in the future.
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Aerosols Protocol -
Looking At the Data

Are the data reasonable?

Perhaps your first thought about determining
whether your data are reasonable would be to
consider the voltages measured using your sun
photometer. This is not as easy as it might seem!
A sun photometer converts light from the sun to
a voltage; this is what you measure and report to
GLOBE. The relationship between the intensity of
the light and the voltage produced is determined
by the sensitivity of the detectors in your sun
photometer (a green or red light emitting diode)
and the gain provided by your sun photometer’s
battery-powered amplifier. This relationship is
different for every GLOBE sun photometer, so each
instrument has its own calibration constants (one
for each of the two channels) that allow aerosol
optical thickness to be calculated from the voltages
you report.

The GLOBE sun photometer produces a small
output voltage even when the sun is not shining
on the detector. This “dark voltage,” should be
small, but how small? GLOBE performs some
range checks on both the sunlight and dark
voltages. However, reasonable voltages fall
within a wide range of values. In some cases,
your sun photometer’s dark voltage may be only
a few tenths of a millivolt. If so, it may display as
0 when you are using a 2 V (or 2000 mV) range
setting on your digital voltmeter.

So, it is not easy to predict what “reasonable”
voltages are for your sun photometer. However,
after you have done the Aerosol Protocol a few
times, you will get a good sense of what dark
voltages your instrument produces and what
sunlight voltages to expect under certain sky
conditions. Remember that, generally, these
ranges will be different for the green and red
channels because of the differences in the
detector responses and electronics.

It is much easier to determine whether the
aerosol optical thicknesses calculated from your
measurements at green and red wavelengths
are reasonable. Table AT-AE-2 gives some typical
ranges for aerosol optical thickness (AOT).

Table AT-AE-2

Sky condition =~ Green channel Red channel
Extremely clear  0.03-0.05 0.02-0.03
Clear 0.05-0.10 0.03-0.07
Somewhat hazy ~ 0.10-0.25 0.07-0.20
Hazy 0.25-0.5 0.02-0.40
Extremely hazy  >0.5 >0.4

The relationship between these numerical values
and the sky clarity description (required as part
of your data reporting) are only approximate,
and may vary depending on local conditions.

Note that red AOT values are typically less
than green AOT values. This is due to the fact
that typical aerosols scatter green light more
efficiently than red light. (The larger the AOT,
the more light is being scattered away from the
direct beam of sunlight that reaches your sun
photometer’s detector.) If the red AOT is larger
than the green, it is not necessarily wrong, but it
is an unusual enough occurrence that it should
trigger a closer examination of the conditions
under which the measurements were taken.

What do scientists look for in these
data?

As noted above, green AOT values are usually
higher than red AOT values. When the Science
Team looks at your data, they will check that the
relationship between the two channels appears
reasonable.

The Aerosols Protocol requires that you report at
least three sets of sun photometer measurements
taken within the span of a few minutes. Assuming
that you are pointing your sun photometer
carefully and consistently toward the sun,
differences among the three voltages for each
channel are a measure only of the variations in
the atmosphere at the time you are taking your
measurements. If the differences are large, it
may mean that clouds are drifting across the sun
while you are taking measurements.

Scientists will also look carefully at cloud cover
and type reports and will compare the AOT values
calculated from the voltage measurements with
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reports of sky color and clarity. Cirrus clouds are
of particular concern, as they can greatly reduce
the transmission of sunlight even when they are
almost invisible.

AOT tends to vary seasonally. Warm and humid
days in temperate and equatorial climates can
produce photochemical smog, especially in
urban areas. Consequently, AOT tends to be
higher in the summer than in the winter. This
seasonal cycle can be difficult to find in GLOBE
data, as many GLOBE schools do not report
data during summer vacations. Figure AT-AE-
1 shows some aerosol data from East Lincoln
High School, Denver, NC, USA. Students made
some measurements through the spring of 2000
and another class restarted the measurement
program in the fall of 2000. Some of the values
(especially the very low values) appear to be in
error. Although it appears to be the case that
warm weather produces higher AOT values, the
lack of summertime measurements means that
this conclusion cannot really be supported by
these limited data.

Note also in Figure AT-AE-1 that there are some
very high AOT values recorded in 1999. There
are several possible explanations for these
values. One possibility is, of course, that these
data represent actual very hazy conditions.
Another possibility is that students were
initially unfamiliar with the sun photometer
and recorded sunlight voltages that were
too low (which will lead to AOT values that
are too high). A third possibility is that there
were some clouds between the observer and
the sun. The AOT values themselves do not
help us choose among these possibilities. The
additional information scientists need to make
decisions about the quality of sun photometer
measurements can be obtained only by looking
at all the measurements and their accompanying
metadata.

One of the most exciting opportunities for
students working with the Aerosols Protocol
is to compare their measurements with other
ground- and satellite-based measurements. Such
comparisons can serve both as a check on GLOBE
measurements and on the performance of other
sun photometers. One source of aerosol data

is the Aerosol Robotic Network (AERONET),
managed by NASAs Goddard Space Flight Center.
This ground-based network has about 100 sun
photometers in operation at various locations
around the world. The AERONET sun photometers
are automated, solar-powered instruments. Their
advantage is that they can operate unattended even
in remote locations, broadcasting the results of
their pre-programmed measurements to satellites,
which then beam data to a central ground station
for processing. The primary disadvantage of these
automated devices is that there is no human
observer to make decisions about whether a sun
photometer measurement should be made at a
particular time. Algorithms are applied to “screen”
the measurements for cloud contamination.
However, these algorithms are not perfect. They
may, for example, suffer from the same lack
of ability to distinguish thin cirrus clouds as
ground-based observers. Thus, comparisons of
automated and manual measurements provide a
fascinating and extremely important check on the
performance of both systems.

Figure AT-AE-2 shows a comparison of GLOBE
sun photometer data with data from AERONET
sun photometers. (AERONET data are publicly
available online.) AERONET makes measurements
every few minutes throughout the day. The
GLOBE data sometimes fall near the lower range
of AERONET values within a day. A more detailed
examination of these data with an expanded
time scale (to look at individual days) would
clarify the relationship between these two
datasets; this would make an excellent student
project.

Figure AT-AE-3 shows comparisons between
AOT values derived from the MODIS satellite and
measurements made by students at East Lincoln
High School, Denver, North Carolina, USA. (The
MODIS data points are connected with solid
lines, but this is only to make the data easier to
follow; there is no reason to expect that missing
MODIS data would fall along the lines.) Note that
the GLOBE data again tend to cluster near the
lower MODIS AOT values.

Some of the MODIS values in Figure AT-AE-3 seem
very high. Figure AT-AE-4 offers some insight
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Figure AT-AE-1: Sun Photometer Data (minimum AOT from a set of three) from East Lincoln High School, Denver, NC,
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Figure AT-AE-2: Comparison of GLOBE Sun Photometer Measurements Made at Drexel University,
Philadelphia, Pennsylvania, USA, with a Nearby AERONET Sun Photometer
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