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NASA GLOBE Atmospherlc Science Investigation Video
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“How do clouds impact Earth s climate?”

View the video at https://v4y.ed.gov/stemchallenge/nasa. 5
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Steps 1 and 2: Introduction

Step 1: Project Introduction Step 2: What is GLOBE?

Why are clouds so important?

=)
u

NASA
Scientists
NEED YOU!

Who is studying the clouds?

mowor®
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Step 3: What Does a Scientist Do?

Draw a picture of a scientist in action. Consider the following: Where does your scientist work?
What does your scientist do? What are some characteristics of your scientist? Write down any
additional information regarding your scientist below.
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Step 4, Part 1: Observing, Describing, and Identifying Clouds

What do you already know about clouds? Part 1. What do you see? Draw a
picture of the clouds you see in the sky.
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Step 4, Parts 2 and 3: What clouds did you observe from
the GLOBE cloud chart?

& GLOBE CLOUD CHART

} High Altitude | ‘ Middle Altitude ‘

~F, jé....'r 5
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Mational Aeronautics and N
Space Administration

Step 5: Recording Cloud Observation: Clouds 1-Measurement

Data Sheet

Step 5: Cloud Observation

Clouds Measurement Data Sheet

School Name: Study Site:

Observer Names:

Date: Year Month Day Universal Time (hour:min):

Sky conditions (check one):

\d Clear (no clouds visible)

:| Clouds visible (1% to 100% covered by clouds or contrails)

(] Obscured (More than 25% of the sky is not visible)
Note: selecting Obscured will prevent data entry on clouds and contrails; therefore skip the cloud type and cover
and the contrail type and cover sections and proceed to the Obscured section. If clouds and contrails are visible

in non-obscured areas of the sky, these data can be entered in the Metadata field

If clouds are visible select all cloud types seen:

High (in the sky):
(Check all types seen)

] Cirrostratus

\d Cirrus
5

Middle (of the sky):
(Check all types seen)

(] Altostratus (] Attocumulus

- =

Low (in the sky):
(Check all types seen)

(] Stratus

] Stratocumulus ] Cumulus

Rain or snow
producing clouds:
(Check all types seen)

(] Nimbostratus (] Cumulonimbus

NASA Langley Research Center 2016

Student Science Research Journal - 9

auo Yaam

Week 1

Study Site: Date: Time (UT):

What percent of the sky is covered by clouds? (Check one): Three-quarters or s
More of the Sky is Visible: ;
Cloud Cover (Check one) o
r F 2
E (1]
No Clouds Clear Isolated Scattered Broken Overcast
Qo% =010 10% 100 25% 125 10 50% 50 to 90% Q>90%

Are there contrails in the sky? (Check one): | No contrails _| Contrails are visible

If contrails are visible, record the number of each type seen:
Short-lived

Persistent non-spreading Persistent spreading

e

Number observed [_] Number observed [_|
What percent of the sky is covered by contrails? (Check one):
] 0to 10% Jwot2s% [J2stos0% [ >50%
If you selected “obscured” (>25% of the sky is not visible) (check all that apply):

Number observed [_]

—_

_I Blowing snow _| Heavy snow

o FO9

] Volcanic ash

| Smoke
Comments:
3 Dust 3 Haze
NASA Langley Research Center 2016 Student Science Research Journal - 10 Week 1

Week One Science Journal Reflections:

3
[}
@
What have you learned? ;—
- ~ =l
| |y
|
|
. J

What would you like to know more about?

I

Student Science Research Journal - 11 Week 1 |

8

MASA Langley Research Center 2016
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Step 6: Heating Things Up Learning Activity

Data Table 1 Sheet 1

Temperatures ©C

Time Bare Soil Grass Gravel/Rocks Sand Water

Beginning

3 minutes

6 minutes

9 minutes

12 minutes

15 minutes

Shaded or turn off lights

18 minutes

21 minutes

24 minutes

27 minutes

30 minutes
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Step 7: GLOBE Cloud Observations Data Collection

Step 7: Cloud Observation

Clouds Measurement Data Sheet

School Name: Study Site:

Observer Names:

Date: Year Month Day Universal Time (hour:min):
Sky conditions (check one):

:| Clear (no clouds visible)
:| Clouds visible (1% to 100% covered by clouds or contrails)
_| Obscured (More than 25% of the sky is not visible)
Note: selecting Obscured will prevent data entry on clouds and contrails; therefore skip the cloud type and cover

and the contrail type and cover sections and proceed to the Obscured section. If clouds and contrails are visible
in non-obscured areas of the sky, these data can be entered in the Metadata field.

If clouds are visible select all cloud types seen:

High (in the sky): ’

(Check all types seen) g
75 R ﬁ

|
|

| Cirrus ol Cirrocumulus o Cirrostratus

Middlle (of the sky):
(Check all types seen)

Low (in the sky):
(Check all types seen)

Rain or snow
producing clouds:
(Check all types seen)

(] Nimbostratus (] Cumulonimbus

NASA Langley Research Center 2016 Student Science Research Journal - 18 Week 2 10
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Steps 8 and 9: How might the surface temperature of the
different surface areas around the outside of your school
be different?

i = _.||.-'I -

As-phalt

11


http://www.meted.ucar.edu/
http://www.meted.ucar.edu/
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Space Administration

Step 10: Cloudy vs. Clear My NASA DATA Activity

Energy from the Sun-China (clear sky)
350
300

200

Watts/m*2

January  February March April May June July August  September October November December

Months of the Year

Energy from the Sun-China (cloudy sky)

Watts/m"2

January  February March April May June July August  September October November December

Months of the Year

12
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Mational Aeronautics and
Space Administration

Step 10: Cloudy vs. Clear My NASA DATA Activity

Watts,/ m*~2

400

350

300

250

200

150

100

January February

March

April

Energy from the Sun in China

May

June July

Months of the Year

August September October November December

Cloudy Sky
Clear Sky

13
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Step 11: What'’s Visual Opacity? Learning Activity

e Transparent—Light passes through the material or objects; things on the other
side can be seen clearly.

e Translucent—Light passes through the materials or objects; things on the other
side cannot be seen cleatrly.

« Opaque—Little or no light passes through the materials or objects; things on
the other side cannot be seen at all

Transparent Translucent

14
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Mational Aeronautics and
Space Administration

Step 11: What’s Visual Opacity? Learning Activity

Looking at the Science: Cloud Effects on Earth’s Radiation

Incoming
solar
shortwave
radiation

Incoming solar
shortwave
radiation

Reflected
solar
radiation

Reflected
solar
radiation

Outgoing
longwave
- radiation

Earth's surface

Outgoing
longwave
radiation

Low
clouds

15
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Step 12: NOVA Connections, The Climate Wild Card

http://www.pbslearningmedia.org/resource/nvcl.sci.earth.wild/the-
climate-wild-card/

16


http://www.pbslearningmedia.org/resource/nvcl.sci.earth.wild/the-climate-wild-card/
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Step 13: Continue Data Collection

Step 13: Surface Temperature Measurement and Study Ste: Date: Time UT): ,
. T P ——— What percent of the sky is covered by clouds? (Check one): Three-quarters or
Cloud Observation Data Sheet P : WMore of the Sky is Visible:
s Cloud Cover (Check one)
School Name: Study Site: High (in the sky): =
(Check all types seen) F
Observer Names: " =
Date: Year Month Day Universal Time (hour:min): u Cirrus |_| Cirrostratus
) No Clouds Clear Isolated Scattered Broken Overcast
Surface Temperature: g Do% Q5010 10% Q10t025% 026 10 50% 50 10 90% 0>90%

Middle (of the sky):

Site’s overall surface condition (Check one): [_] Wet Jory J Snow (Check all types seen)

Are there contrails in the sky? (Check one): :I No contrails j Contrails are visible

If contrails are visible, record the number of each type seen:

(] Attostratus (] Altocumulus _ _
1 1 Zero [ Trace (<10 mm) _ Short-lived Persistent non-spreading Persistent spreading
[ Measurable (>10 mm) __ mm T o
Low (in the sky): E_. = ‘-
2 3 Zero ] Trace (<10 mm) (Check all types seen) o
J Measurable (>10 mm) mm o : !
3 = Zero [ Trace (<10 mm) ] Stratus Stratocumulus ] Cumulus Number observed Number observed Number observed ‘
[ Measurable (>10 mm) mm u -I |-| |:I |:I D
4 0 Zero O Trace (<10 mm) Eoi o show What percent of the sky is covered by cq_ntrails? {Checkine): i
1 Measurable (>10 mm) _mm producing clouds: 0to 10% 10t0 25% 2510 50% >50%
g
heck all . . -
Sky conditions (check one): |=heck s types sean) If you selected “obscured” (>25% of the sky is not visible) (check all that apply):
j Clear (no clouds visible) D Nimbostratus 3 Cumulonimbus = ; Sy
j Clouds visible (1% to 100% covered by clouds or contrails)
j Obscured (More than 25% of the sky is not visible)
Sketch the sky below: Comments: -
7 2 _l Blowing snow u Fog
\] Volcanic ash |_| Smoke
Comments:
o _4 | Dust | ] Haze
NASA Langley Research Center 2016 Student Science Research Journal - 40 Week 4
— — - = = NASA Langley Research Center 2016 Student Science Research Journal - 41 Week 4

NASA Langley Research Center 2016 Student Science Research Journal - 42 Week 4

17
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Step 14: What does a NASA Science Research Question
ook Like?

Step 14: What Does a NASA Science Research
Question Look Like?

As you can see from the previous activities, scientists asking questions and finding answers is
extremely important to all of us. All factors of our daily lives are affected by the answers that
NASA scientists are seeking. Everything we know about Earth and the world around us has
been a result of someone, somewhere, asking a question and setting out to find an answer. It
is natural human curiosity that has often resulted in the most important discoveries.

So what makes a “GOOD” science research question?

A good research question is a question that is worth answering. It poses a problem that can be an-
swered through scientific investigation or the examination of data that has been collected. Simple
yes or no questions may have important practical significance, but they do not make good research
questions. A good science research question requires more than looking something up in a book or
on the Internet. The answer does not simply depend on one or two missing facts. A good research
question should force you to evaluate evidence and compare different possible answers.

Use the Research Question Characteristics Rubric below to identify which of the following questions
are “GOOD" science research questions.

1. Is there a relationship between today’s clouds and tomorrow’s weather?

2. How reliable is a prediction of tomorrow’s weather based on today’s cloud observations?
Research Question Characteristics Points (0 or 1)

The answer is not immediately obvious

There could be more than one answer - the answer is not just yes or no

Encourages a new or different view of phenomena

Narrow in focus so that the necessary research can be done

Clear enough for other people to understand

Tests an accepted explanation

Goes beyond existing explanations

Possible to answer in the time available to you

Possible to answer with measurement equipment and technigues available to
you

Any data required from others is available or can be obtained through
collaboration

Will sustain your interest for the time required to complete the research

Tests your assumptions about the phenomena

Completes or adapts an existing explanation

Total Points

NASA Langley Research Center 2016 Student Science Research Journal - 48 Week 5

18
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Step 15: The Science Research Process in Action

One of NASA'’s Big Research Questions: How do clouds affect the Earth’s
Energy Budget?

EARTH’S
ENERGY Energy Emited

from
Surface and
Atmosphere

Energy Absorbed by Atmosphere

Ab?sr':tmn Energy Emitted
ht.m o1 20lar f
) Radiation by rom
Inf Atmosphere

Atmosphere
Radiation Radiation
Emitted to Emitted to

D)

Infrared
Radiation

e Shgce Energy Absorbed Emitted to Earth
by Surface and
Atmosphere
=

19
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Step 16: Looking at Your GLOBE Data

Step 16: Looking at Your GLOBE Data Learning

Activity

Part 1: Sketch, label, and describe the four surface areas that you have gathered data for

during your investigation.

Location #1: Location #2:
& P
Location #3: Location #4:
- »
NASA Langley Research Center 20168 Student Science Research Journal - 50 Week 5

Mational Aeronautics and
Space Administration

20
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Mational Aeronautics and
Space Administration

a:

Step 17: Continue Data Collection Using the Surface
Temperature Measurement and Cloud Observation Data Sheet

nd
Step 17: sSurface Temperature Measurement @

Cloud Observation pata Sheet

School Name:

Study Site:

Observer Names:
Date: Year Month Day

ture: )
rface Tempera Tyt
gyl:e’s overall surface condition (Check one) \d

oy

o Measurabte (>10

Sky conditions (check one‘):.
) Ciear (no clouds visible) »
G Clouds visible (1% to 100% covered by ¢!

i ible)
Jd Obscured {More than 259, of the sky is not visible)

Sketch the sky below:

NASA Langtey Research Genter 2016

Universal Time (hour.min);

10 mm)
Zero i) Trace {« N
% Measurable (=10 mm) m

Zero ) Trace {<10 mm)
] Measurable =10 mm)

<10 mm)
Zero 1 Trace (<1
% Measurable (=10 mm) ™M

1 Zero \J Trace (<10 mm)

urnal - 53
Sudent Science Research Journal 53

udy Site:

Date:

Time (UT):

1h (in the sky):

We (of the sky):

(] snow

in the sky):
k all types seen)

mm

tsnow
ing clouds:

mm) ___ mm all types seen)

s or contrails)

Comments:

-
- —

Week S baren Genter 2016

- ——

leck all types seen)

ick all types seen)

clouds are visible select all cloud types seen:

_I Altostratus

s

j Stratus

o

_l Nimbaostratus

u Altocumulus

—

[ Stratocumulus

u Cumulonimbus

Student Science Research Journal - 54

—

D Cirrostratus

D Cumulus

Vieek 5

is cover,
. ed by clouds? (Check one): Three

~Guarters of ‘1
4 |
[ . 1
poe |
Nm i, |
. o Isolateq s —_— |
Are there contrails j =010 259 Qze ?St?cfid _ Broken O e
’fcontrait‘s are vis;, N the sky? ( Check one): :., 50 to 9g9 ;‘ngjst
visible, recor, No contrails [}

d the
! nmber of eacpy type

Seen:

Persisrent non-spreading

Persistent sproaiing

' [ |

|

lumber ob: : ‘
ser ; :

I ved D Number observeq |

Percent of the sky is Cover |

& 010109 .

[
d 1010 259,
bu s, %
electeq “obscured”

Com ments: |
|
\  II
“1
i 21

FSearch Conter 2y

Student Soignce Fesearch Journg - 55
it Scieror arch Jo
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Surface Temperature v

. _ |

%

e

€
2
o]

Q Q-

LN e

M4 449 20

i L i

22
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45N

1 Surface Temperature: January 2007 O Surface Temperature: July 2007
Sea Surface Temperature (G) Land Surface Temperature | C) Sea Surface Temperature ['C) Land Surface Temperature |*C)
] A | ,
-2 16.5 15 25 10 43 2 16.5 15 25 10 45

23
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45N

ar Cloud Fraction: January 2007 Q= Cloud Fraction: July 2007
Cloud Fraction (%) ; Cloud Fraction (%)
] 50 100 0 50 100

24
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Step 19: Select Your Culminating Project

e Choice 1: Science research
poster

 Choice 2: Public service || e
announcement Tl S0 |

* Choice 3: PowerPoint
presentation f

25
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Step 20: Following the Steps of the Scientific

Research Process
Scientific Research Process

Observe Pose
> > Questions

Nature

Pose New Develop
Questions = Hypothesis
Present ,_ S Plan
Findings : b - = ol Investigation
Document Analyze Assemble
Conclusions < Data < Data

26
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Step 21: Continue Data Collection Using the Surface

Temperature Measurement and Cloud Observation Data Sheet

Study Site: Date: Time (UT):
l'f ce Temperature Measurement a“d If clouds are visible select all cloud types seen:
Step 21: Surface
Cloud Observation Data Sheet

High (in the sky):
(Check all types seen)
Study Site: —

School Name:

] cirrus
> min); e

Observer Names: Universal Time (hour:min)

Day _—

(] Cirrostratus
No Cioy
] : ! = Dow- autear Isolated

Middle (of the sky): >0t0 10% Q1010 259 Scattereqd
te: Year - Month (Check all types seen) Are there contraj S 25 to 5094
v = 0 snow nirails in the
Surtace TemPErarat, - checkone): i Vet it - ]

" rface conat — L apth (mm \ Altostratus Altocumulus

Site’s overall sul - Snow De

0 zero 1 Trace (<10 mm)

-
Low (in the sky): H—.—.
4 Coasrabie (>10 mm) —— mm Check all types seen) DEESS
Trace (<10 mM)
1o -
2 ﬁeas\t;‘able {>10 mm) _—— ] Stratus [] Stratocumulus (] Cumulus
Trace (<10 M)
0 zeo )
le (>10 M! gin or snow
3 Measurab! ;
T e educing clouds:
0 zeo ) Trac i) heck all types seen)
ie (> s
1 Measurabl

'] Nimbostratus
gky conditions (check one).v
’ ] Clear {no clouds visible) E—
isible (1% tO 100% covered by clou
{_] Clouds vis!

You selecteq “obscureq”

= A [ >50%
> (>25% of the sky is not Visib/

(J 25t0 509
[] Cumulonimbus

More thar e e,
h isible) |
Ky is not visib I
than 25% of the S .
lQbscured( o -
gomm= = i / ' B

J Heavy snoy

Comments:

-J Haze
Week®  jy Research Center 2016 Student Science Research Journal - 68
e
65
reh Journal - 65

Student Science Resed
[ 16
esearch Cener 20
NASA Langiey Research CETeT =

Week 6

ils? (Check one):

Mational Aeronautics and
Space Administration

S ————
Overcast
>90%

Number observeq D

) (check aly that apply):

lley Research Center 2015

St
Student Science Researc Journal - g7

Week 5

27
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Step 22: Assemble and Graph Your Data

Use the grid below to create a rough draft of the graph of your data:

Step 22: Assemble Your Data

(Gontinuing the development of your science research project)

Describe the data you will use to show the results of your investigation:

Compoenents to consider for your graph: (Depending on the data you have selected to use for your
project, consider the following compaonents and fill in the information that you will use to complete
your graph.)

Title:

What variable will you plot on the X-Axis?

Range of numbers needed:

Scale:

Units of measurement:

NASA Langley Research Center 2016 Student Science Research Journal - 70 Waek 7

28
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Step 23: Analyze Your Data

In conclusion: As you develop your conclusion refer back to your hypothesis as it relates to
your research question and state whether or not it was supported by your data. You should
also include any new questions that you might have as a result of your findings.

Questions for further research:

NASA Langley Ressarch Center 2016 Student Science Research Journal - 72 Week 7

29
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Mational Aeronautics and
ace Administration

t and
Step 24: Surface Temperature Measuremen
Cloud Observation pata Sheet

School Name: /

Observer Names!

ourming:
Universal Time {hour:min)
Day

Study Sit€; e

Date: Year Month

~ ~ \ J
Site's overal surface condition (Check oney l et I Ty
Site's OV! E 1 di h - v DI

J Snow

Trace (<10 mm}
0
j %ﬂe;as:r‘able (>10 mm) mm

) Zero [ Trace (<10 mm) -
J Measurable (>10 mm}

ace (<10 mm)
o [ Trace (<1
-_Jl i’lela’\sursble {>10 mm) mm

Zero ) Trace (<10 mm) -
d Measurable (=10 mm} r

Sky conditions (check one): ,
] Clear (0 clouds visibie)

isi (1% to 100% covere

-J s . sky is not visible}

d by clouds of contrails)

_J Obscured (More than 25% of the

Comments:
Sketch the sky below:

7
roh Journal - 73
student Science Resaarch Jou

NAGA Langley Research Certer H

Study Site: Date:

If clouds are visible select all cloud types seen:

j Girrus j Cirrocumulus

High (in the sky):
(Check all types seen)

Middle (of the sky):
(Check all types seen)

_| Altostratus

_l Altocumulus

Low (in the sky):
(Check all types seen)

:] Stratus

:] Stratocumulus

Rain or snow
producing clouds:
(Check all types seen)

] Nimbostratus

_I Cumulonimbus

ASA Langley Resaarch Canter 2016

Student Scisnce Research Journal - 74

Time (UT):

(] Cirrostratus

_l Cumulus

Week 7

JASA Lan,

ﬂl//l]lhat Percent of the sky
C/or"e rof the Sky js Visible
oud Cover (Check one)-

]

s covered by cjoy,

ds?
S? (Check one): Three—quarters or

r

1 1 ; 1
= 1
e p | |
No Ciouds W 4 | |

o ' & —— {

£ =010 109 -lg?f;:; Scattered ]

]

=125 to 5014 Broken

=150 to 909y

. ‘ e seen:
ersistent non—spreading

Persistent SPreading
'-L-,,,_':‘ P
Number obseryeq D r—

Number obs;er\; »
ed
? (Check one): -

_J 2510 509 5
: _' >509%
(>25% of the SKY is not visib,

Number gbs l ,
erved
Whafpercent of the sky js cove,

Qow red by contrajls
o b wd 1010 2504
selecteq “obscureg

:J Blowing snow, - —
= o [ Heavy snoy,

\\
J Fog .

o ol

D Smoke

D Volcanic ash

Comments:

Dy
3 st D Haze

gley Fe

reh Center 20

16

Student Science Raseareyy

Joumai - 75

30
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Cloud Obhservation pata Sheet

School Narme:

S

Observer Names:

Month ___—— Day ——

Date: Yeal

e ralt surfac s condition Check one} l Wet
& Cf oh
gite's overall U

Sky conditions (check one):
o Clear (no
_| Clouds visibte (1

clouds visible)
9% to 100% covered by
2 Obscured (More thar

Sketch the sky below:
'

]

Spudent

HASA Langley Resesreh Gerter 2018

nd
Step 25: Surface Temperature Nleasurement a

—

[} Measurable

I Zero ] Trace
a Measurable

[ Zero | Trace
) Measur:

clouds of contrails)

259 of the sky IS not visible)
- Comments:
~

| Blowing snow

agience Rasearch

Study Site: Date:
If clouds are visible select all cloud types seen:

=

Time (UT):

High (in the sky):
(Check all types seen)

Study Site:

Cloud Cove,

>

10 mm) MM

—

<10 mm)
10 mm) _——

_l Cumulus

] Stratus

mm

Rain or snow
producing clouds:
(Check all types seen)

Number observeq D

(<10 mm}

ol (>10 mm) —— ™™

Whafperc:enr of the sky js covi
-d 010 1004
f your Selected “obscuy

wd 1002504
] Nimbostratus

_I Cumulenimbus

]

Heavy snow

D L D Haze

A Lang) -
NASA Langlay Research Canter 2016 Student Science Research Journal - 79 glay Research Canter 2y
ek - T8
Joura

Waek 8

16

Student Science R,

ered by contrajls

Number opsg, s
erved D Number observe-d D
? (Check onej:
_’ 25 to 50% _‘ >50%

ed” (sp59, of the

s

Comments

2arch Journa

Mational Aeronautics and
Space Administration

r (Check one) ~Quarters or
- f )
= el | / ) , ‘
'] Girrus [J Cirrostratus NO‘C]I —~ !' 1 |
ouds Cl —— I |
= Lo £ar Isol y -/ | ]
o ) A ] 3 =0 to 195, ated
Universal Time (hour:min) Middfe (of the sky): % l P 0 10% Q1010259 %gaér‘?[;ed e J = i
(Check all types seen) | €re contrails jn the s, = 150 to 9pog, 0 \fi{‘céab{
i contrajt, ; -
S are visible, rec, Ntrails L] Contrails are visibje
] Attostratus Short-liveg e seen
ace (<10 mm) Low (in the sky): %
-..JJ ﬁ;gsjagzi =10 ) ™ (Check all types seen) E ‘
e (<10 mm)
Zero ) Trace (<

Persistent Spreading

SKy i il
Y Is hot visible) {check aff that apply):

D Volcanic ash

Vieek 3
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GLOBE Offers More Opportunities to Share Your Research and
Connect with Other Students

« 2017 GLOBE International Virtual Science Fair
e Student research report upload
e Student research exhibition at GLOBE annual meeting

* Plus Competitions, Data entry competitions, video competitions, and
art competitions

« WWW.globe.gov

33


http://www.globe.gov/
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