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Overview and Learning Objectives

Overview

This module:

Describes how to take surface temperature measurements
Provides instructions on how to enter your data on the GLOBE website

Learning Objectives

After completing this module, you will be able to:

Describe and define surface temperature

List reasons why it is important to collect surface temperature data
Determine the correct locations to take surface temperature readings
Upload data to the GLOBE website

Visualize data using GLOBE and formulate your own questions about
weather

Estimated time needed for completion of this module: 1.5 hours
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The Atmosphere

Extremely thin blanket of air
extending about 300 miles
from Earth’s surface to edge

of space

Protects us from the blasts of
heat and radiation coming
from the Sun

Image: NASA

Link to GLOBE Teacher’s Guide Atmosphere Protocol


http://www.nasa.gov/images/content/616664main_iss030e031275_1600_946-710.jpg
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Surface Temperature

Is the radiating temperature
emitted as electromagnetic
energy of the Earth’s surface
including vegetation, paved

surfaces, and the ground, etc.

Varies depending on the
ground cover and the time of
day

Affects all aspects of the
Earth’s Energy Budget

Aerosols
Air Temperature
Albedo
Barometric Pressure
Clouds
Precipitation
Relative Humidity
Surface Ozone
Water Vapor
Wind



http://www.globe.gov/documents/348614/7537c1bd-ce82-4279-8cc6-4dbe1f2cc5b5
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Atmosphere Surface Temperature

NOAA Visualization: 2015 was the warmest
year on record!




awnatis  Surface temperature is the temperature at the Earth’s
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http://farm4.staticflickr.com/3831/9971653914_b18df224c2_z.jpg
http://www.meted.ucar.edu/
http://www.invisiblestructures.com/images/grassThermoBig.jpg
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Recording surface temperature is important-1

1. To help verify surface temperature readings collected by NASA satellites

Image: NASA

Find out more about
NASA’s MODIS Imaqgery

Image: Kevn Czajkowski


http://www.ntsg.umt.edu/sites/ntsg.umt.edu/files/imce/EOS_AM1_scan.jpg
http://www.windows2universe.org/earth/climate/climate_today.html
http://modis.gsfc.nasa.gov/about/
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Recording surface temperature is important-2

2. To help understand seasonal changes in Earth’s surface

LasliﬂYenrsSmfaceTempemhneChnnchasedon[mrT\ends(“C)
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Image: NASA GISS
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http://data.giss.nasa.gov/gistemp/2005/2005cal_fig3.gif
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Recording surface temperature is important-3

3. To help understand the rate of heat and moisture exchange
between the atmosphere and Earth.

2 (3) OV

BOUNDARY LAYER
{AND EXCHANGE
WITH FREE ATMOSPIHERE)

Image. NASA



http://science.nasa.gov/media/medialibrary/2010/03/31/water_cycle.jpg
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Recording surface temperature is important-4

4. To assist in urban planning and to help understand the Urban Heat Island Effect
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http://globe-net.com/wp-content/uploads/Urban-Heat-Island-Effect.png
http://earthobservatory.nasa.gov/IOTD/view.php?id=86440
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YOUR measurements can help NASA scientists
to understand and predict

How do urban areas affect the temperature around them?

What is the contribution of changing land use and land cover on local
energy budgets?

How are land surface temperatures changing over the long-term?
How accurate are data from NASA satellites?
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What you need to collect data:

Instruments | Your eyes, GPS unit, Infrared Thermometer, Meter
Stick
References GLOBE cloud chart
Good: Any time
When Better: Within one hour of local solar noon
Best: Within +/- 15 minutes of a satellite overpass
Wh A good observation site (See Documenting your
ere atmosphere study site)
Form Surface Temperature Data Sheet

§ [



http://www.globe.gov/documents/10157/2872378/GLOBE+Cloud+Chart
http://www.globe.gov/search-results?p_p_auth=U5COsYBF&p_p_id=15&p_p_lifecycle=0&p_p_state=maximized&p_p_mode=view&_15_struts_action=/journal/view_article&_15_groupId=10157&_15_articleId=2514809&_15_version=1.4
http://scool.larc.nasa.gov/en_rover_overpass.html
http://www.globe.gov/documents/348614/b24c8410-2ed7-4fd2-9cf7-2e68168f40ff
http://www.globe.gov/documents/348614/57388c8d-4774-422c-a104-ba72012d7a66
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Instrument: Infrared Thermometer

Measures infrared (heat) radiation emanating
from a surface and converts it to temperature.

S25sC

MAX 25

Surface temperature can be observed by sensing the infrared part of
the electromagnetic spectrum.


http://www.globe.gov/
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Infrared Thermometer Specifications

Accuracy: 2 °C

Range: make sure that the instrument’s
temperature range is large enough to capture the
variations in your area.

Where do | get one?
Handheld infrared thermometers can be purchased froma
number of stores and online retailers. Prices range from $25-

$300USD

Maintenance of instrument:

-proper cleaning of lenses is important since
accumulated particles on the lens can reduce the

accuracy

-do not use solvents to clean the lens
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Calibrate your Infrared Thermometer

Calibrate once per year to ensure proper performance!

Calibrate with an ice water bath. Wait until the water reaches 0° C,
then see if the infrared thermometer shows a similar reading.

If the temperature observed is more than +2° C or less than -2° C, try
changing the battery. If the calibration still is off, the IRT needs to be
replaced.

Photo credit: Sara Mierzwiak Photo credit: Sara Mierzwiak
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Collecting Data using an Infrared Thermometer

HOW?

Hold your arm at arms length and
point the instrument at the
ground. After you pull the trigger
then read the value including the
tenths of a degree Celsius.

WHEN?

Surface temperature
measurements can be taken any
time during the day.



http://www.primexwireless.com/uploads/products/clock-custom-nasa.jpg
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Data Collection: Overview

Choose a site that is homogenous at least 30 meters
square (if possible). Can be grass, asphalt, etc.

Collect GPS data for the center of the site (latitude,
longitude and elevation).

Pick nine random observation spots in the study site

- Read and record surface temperature

- Record the time

- Measure and record snow depth (if present)

Use the Cloud Protocol to record cloud observations.
Record your data on the Surface Temperature Data sheet.
Log into the GLOBE website .

Create a Surface Temperature site.

Go back to Data Entry, select the new Surface Temperature
site you just created, and enter your data.



http://www.globe.gov/documents/348614/e83c12f1-38a7-404d-b032-b363f4ad4cd2
http://www.globe.gov/
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2. Collect GPS data of the center of each study area.

Record latitude, longitude and elevation.

GPS Protocol



http://www.globe.gov/documents/10157/2209c9c4-96d7-46fe-acdd-eba84b73e5df
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3. Take 9 random surface temperature readings

Take 9 random surface temperature readings within each study area. The 9
random observations ensure a good average for the site is observed.
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Caution!

Do not mix cover types in one study area.

In this case, the study area mistakenly has grass and bare ground.
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Caution!

Do not take the temperature of shadowed areas including the shadow that
your body may cast.




R

Caution!

Extend your arm in front of you to take the observations. You don’t
want to measure the temperature of your feet.
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Caution! Thermal Shock

When the air temperature
at your study site varies
more than 5° C from the
air temperature of the
storage location of the IRT,
place the IRT outdoors for
at least 60 minutes prior to
data collection.

Or, you can make a thermal
glove using a terry cloth
oven mitt.

Step 3and 4

Display visible

Step 5

Recording button

Directions for Use of IRT with Thermal Glove:

1. Hold the thermal glove so the thumb
points down.

2. Position the IRT in the finger section of
the thermal glove with the sensing eye
pointing out through the cut hole in the
end of the finger section. Make sure the
thermal glove does not cover the sensing
eye and laser areas; however, also make
sure that the IRT fits snugly against the
front area of the thermal glove to prevent
air from flowing through the glove.
(Ignore the thumb section of the thermal
glove).

bt

. Position the digital display screen so that
it is visible in the upper cut hole (when
the thumb is pointing downward.)

4. Take your hand out of the thermal glove

and use a rubber band to tighten the
thermal glove around the IRT handle at
the large bottom opening of the thermal
glove.

5. Operate the IRT from outside the thermal
glove by placing your finger on the
recording button and squeezing.
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Measuring Surface Temperature in Snow

What if there is snow?
Just measure the snow
depth for each of the 9

observation locations,
and then collect your

surface temperature

readings.

Your footprints will
affect the snow but

that is ok.

f

=
&£

L



http://i.telegraph.co.uk/multimedia/archive/02448/jerusalem-palm-tre_2448489k.jpg
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4. Record cloud and contrail data using the GLOBE
Cloud Protocol

pliers, Inc.

|

UD

- % |
(DAS

The GLOBE Cloud Chart can help you identify the clouds.



http://www.globe.gov/documents/348614/782194b1-b5c3-4416-b3aa-b4a208ea5812
http://www.forestry-suppliers.com/Images/Original/4171_33485_p1.jpg
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5. Record your data on the Surface Temperature

Data Sheet

Atmosphere Investigation

Surface Temperature Data Sheet * Required Field

Schoal Name: Study Site:
Observar names:
Date: Year. Month Day Universal Time (hourmin}:

*Surface Temperature
Site's Overall Surface Condition (Select One): D Wet O Dry O Snow

Sample Temperature Snow Depth (mm)
Measurement (°C) (‘if snow selected abova)

1 Qzero O Trace (<10 mm)
3 Measureabls (>10mm) mm

2 Qzero O Trace (<10 mm)
(>10mm) mm

3 Qzero O Trace (<10 mm)
O Measureable (>10mm) _ mm

4 D zero O Trace (<10 mm)
0 Measureable (>10mm) ___ mm

5 Qzera O Trace (<10 mm)
3 Measureabls (>10mm) mm

[] Qzero O Trace (<10 mm)
a (>10mm) mm

7 Qzero O Trace (<10 mm)
0 Measureable (>10mm) mm

[ QD zero O Trace (<10 mm)
O Measureable (>10mm) ____mm

] Qzero O Trace (<10 mm)
0 Measureable (>10mm) ___mm

Comments:

“Sky Conditions (Check one):
O Clear {ne Clouds Visible)
0 Clouds Visibla {1% to 100% Covered by Clouds or Contrails)
0 Obscurad (More than 25% of the Sky is not Visible)

Note: selecting Obscured will prevent dala entry on douds and contrails; therefare
skip the cloud type and cover and the cantrall type and cover sections and
proceed to the Obscured secton. If clouda and contraila are visible in nen-
‘obscured sreas of the sky, these data can be entered in the Metadata fleld

BLOBE® 2014 Appands - 24 Atmashare

Atmosahors (nvestgation: Suface Tamparature Data Sheat - Fage 2
Study Site: Date: Time (UT):
If Clouds are Visible select all Cloud Types Seen

* Required Field

= |

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

Q Cirrocumulus Q Cirrostratus

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

3 Altocumuius
Low (in the sky):
(Check all types seen)
Q Stratus O Stratocumulus O Cumulus

Rain or Snow Producing
Clouds: -
(Check all typss seen)

O Nimbostratus 0 Cumulonimbus

What Percent of the Sky is Covered by Clouds? (Chack One) Three-quarters or
More of the Sky is Visible: Cloud Cover (Check One]

A

T B
f'**.-*‘

- -

T e
No Clouds Clear lsola{sd Scattered Overcast
Qo Q>0w010% Quowzss  Qzswso% Dsmosm O >s0%

Are There Contrails in the Sky? (Check One) U No Contrails 1 Contrails are Visible
If Contrails are Visible Record the Number of Each Type Seen

Short-lived Persistant Non-Spreading Persistent Spreading

Number Obsarved [ ] Number Observed [ | Number Observed [ |

GLOBE® 2014 Appandx - 25 Amasghers

Afmosgphare Invostigatian: Surface Temperature Dot Shest - Page 3

Study Site: Date: Time (UT):

What Percent of the Sky is Covered by Contrails? (Check one):
D0to10% O10to25% O25t050%  O>50%

* Required Field

If you Selected Obscured (> 25% of the Sky is not Visible) Check all that apply:

Q Blowing Snow 0 Heavy Snow

h—

Q Heavy Rain

.
e

Q Volcanic Ash O Smoke

O Dust O Haze

Comments:

GLOBE® 2014 Appand - 26 Atmosghere


http://www.globe.gov/documents/348614/57388c8d-4774-422c-a104-ba72012d7a66
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Be sure to enter your school, study site,
names, date and time (local or UTC)

observers

Surface

Study Site:

Observer names:
Date: Year

> Required Field

Month Day

Universal Time (hour:min):

*Surface Temperature
Site's Overall Surface Condition (Select One): AWst U Dry O Snow

Sample Temperature ‘Snow Depth (mm)
Measurement (°C) ("if snow selected abova)

1 Q zero O Trace (<10 mm)
J Measureable (>10mm) mm

2 O zero O Trace (<10 mm)
J Measureable (>10mm) mm

3 3 zero O Trace (<10 mm)
J Measureable (>10mm) mm

4 O zero O Trace (<10 mm)
3 Measursable (>10mm) mm

o QO zero O Trace (<10 mm)
O Measureable (>10mm) mm

6 O zero QO Trace (<10 mm)
J Measureable (>10mm) mm
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CAUTION — An observation without a date or
time is worthless

School Mama:

Surface Temperature Data Sheet

Study Site:

* Raquired Fiald

*Surface Temperalure

Obseny :

Site's Overall Surface Condition (Select One) DA wWet O Dry O Snow

Sample Temperature Snow Depth (mm)
Measurement (°C) (“if snow selected above)

1 O zero O Trace (<10 mm)
J Measureable (>10mm) FriE

2 - zero A Trace (<10 mm)
J Measureabls (>10mm) rim

3 o zaro ' Trace (<10 mm)
< Measureable (>10mm) PRI

4 3 zers O Trace (<10 mm)
O Measureable (>10mm) P

5 Q zero O Trace (=10 mm)
d Measureable (>10mm) i

& = zero ' Trace (<10 mm)
= Measuraable (>10mm) Frim

T Il omememn T Temme LAl o
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Enter the 9 surface temperature observations
and snow depth, add comments of anything
interesting about the observation.

*Surface Temperature

Site's Overall Surface Condition (Select One): dWet O Dry d Snow

Sample Temperature Snow Depth (mm)
Measurement (°C) (“if snow selected above)
1 3 zero O Trace (<10 mm)
22.3 J Measureable (>10mm) mm

= zero 2 Trace (<10 mm)
= Measureable (>10mm)

Il

 zero I Trace (<10 mm)

- Measureable (>10mm)

PR

d zero O Trace (<10 mm)

< Measureable (>10mm)

T

 zero 2 Trace (<10 mm)
J Measureable (>10mm)

T

d zero [ Trace (<10 mm)
= Measureable (>10mm)

T

Caution — be
sure to enter
the
observations in
Celsius and
include 1
decimal point.

d zero 1 Trace (<10 mm)
= Maasureabls (=10mm)

T

3 zero O Trace (<10 mm)

J Measureable (>10mm)

i

= zero ' Trace (<10 mm)
= Measureable (=10mm]

Frim




Do the cloud and contrail protocols.

*Sky Conditions (Check one):
QO Clear {no Clowds Visible)
O Clouds Visible (1% to 100% Covered by Clouds or Contrails)
O Obscured (More than 25% of the Sky is not Visible)
Hole: selecting Obscured will prevent data entry on deuds and contralls; therefore
ship the coud type and cover and the contrall type and cover sections and
proceed o the Obseured secton. f elouds and contralls sre visible in non-

obscured areas of the sky, these data can be enterad in the Matadata field.

Suface Data Sheot - Page 2 * Required Field
Study Site: Date: Time (UT):

If Clouds are Visible select all Cloud Types Seen
= |

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

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

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

Q Stratus O Stratocumulus O Cumulus

Rain or Snow Producing
Clouds:
{Check all types seen)

ani ac

What Percent of the Sky is Covered by Clouds? (Chack One) Three-quarters or
More of the Sky is Visible: Cloud Cover (Check One

el
d m ‘ - w
No Clouds Clear Scattered
Qow Q>0w10% Clwmws Q25w 50% Dﬁomms C.Mm,

Are There Contrails in the Sky? (Check One) U No Contrails O Contrails are Visible
If Contrails are Visible Record the Number of Each Type Seen
Short-lived Persistent Nen-Spreading Persistent Spreading

ot =——

Number Observad : Number Observed :] Number Observed |:]

GLOBE® 2014 Appandix - 25 Atmasghere



http://www.globe.gov/documents/348614/1c29caf7-fb2f-4414-8b43-11fd64087ea8
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Record the sky condition.

If you can’t see
the sky, check
the reason.

Caution — If you
click obscured,
clouds cannot be
entered.

Anrospheve [nvestigation: Surface Tampevalure Dafa Shes! - Page 3 * Required Field
Study Site: Date: Time (UT):
What Percent of the Sky is Covered by Contrails? (Chack one):

Q0 0to10% O 10to 25% 0 25 to 50% Q >50%

if you Selected Obscured (> 25% of the Sky is not Visible) Check all that apply:

L] - .

0 Blowing Snow O Heavy Snow O Heavy Rain
O Sand Q Spray 0 Volcanic Ash J Smoke
O Dust

Comments:
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https://itunes.apple.com/us/app/globe-data-entry/id980592274?ls=1&mt=8
https://data.globe.gov/
https://www.globe.gov/globe-data/data-entry/email-data-entry
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Entering Data-Step 2 and 3

2) Choose Enter Data.

3) Choose Live Data
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Set up a new surface temperature site.

If you have already done this step, skip to the next step. If you have not,
set up a surface temperature site. You must first create one by following
the steps below.

e Select “Surface Temperature Site Selection” from the
atmosphere data entry menu

* Select site and initial, correcting, or updating information
option

 Enter date & supplemental site definition data from the
surface temperature data sheet

* Confirm data entries on verification page
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Create a New Surface Temperature Site-1

.« 6) Add a surface temperature 7) Enter a site name, latitude
site. and longitude for the center of
your site, and click on Create

Site.




awnatis | Create a New Surface Temperature Site-2

surface
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Continue to enter your data

Once you’ve created the Surface Temperature site, go back to
Data Entry, select the site you just created, and enter your
data.

'THECLOBEPROCRAM SCIENCE Data Entry Weicome Kevin Czajke

Data Entry Home ~ The University Of Toledo  Snyder Memorial Handicap parking ICtATM-21 | Surface Temperature

Surface Temperature Croon0
Enter The Date And Time Of The Observation (24hr)

- OUTC  Get Gurent UTC Time
20160129 W 1308 o P

‘Your Local (EST) time converted to UTC time is 2016-01-29 18:08
Solar Noon: 17:47 UTC

"/’ (Y Surface Temperature * oo

Site's Overall Surface Condition

¢ Cloud ™ = Expanc/Colapse
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Continue to enter all 9 of the random observations
you collected within your Surface Temperature
study area

indicates required sections or fields

- () Surface Temperature * = Expanc/Colapse

C
Site's Overall Surface Condition

C—

Surtce Torperars




Click All Cloud Types Seen

High In The Sky

Miccle Of The Sky

Low In The Sky

Rain Or Snow Clouds

=3

—

Isolated 10 To 25 Percent J

Are There Contrails In The Sky?

—

Persstent Non Spreacing

e

_...ii

‘What Percent Of The Sky Is Covered By Contrails?
070 10% j

Comments
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Once you’ve successfully entered your data,
you can upload any photos you took of the sky

: Do You Have Pictures Of The Sky?
| Photos
+Add | @Ede
No Sou East West pward
age ||  Nolmage ag o Image ag

Adding photos to your site is a fun way to get others (students,
family members, etc.) involved, AND it helps NASA scientists
corroborate your data!



A. What is
surface
temperature?

B. Why collect
surface
temperature
data?

C. How your
measurements
can help!

D. How to
collect your
data.

E. How to
report data to
GLOBE.

F. Understand
the data.

G. Quiz
yourself!

H. Further
resources.

Retrieving Data from the GLOBE
Visualization System

Click on Visualize Data

© Mcknight Middie School, Unved States, Weatherbug, Measured on: 2015.10.13

Latest News and Events
NEWS GLOBE ON SOCAL

o
: i
- S ¢ H
| .
8 B
— >

ncaa The Data Entry Challange Has Begun! Mow Ca
- Your Data be Used? % Dirts Drtry Therwe — try cur ol appc
Y9y Laaem mmame: e ) con A LN: Metg
| WA

E-training is available to explore the full power of the visualization
system.



http://www.globe.gov/get-trained/using-the-globe-website/retrieve-and-visualize-your-data
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Once the data is entered, you can
view It.

Comparison of Asphalt versus concrete temperature,
Ida Elementary School, Michigan

__50 -

) =¢=Concrete m

o 40 -

“35 30 - n

gl"20 ¢ ¢
5 = " T =

§ 10 ’ ¢ r'S

(%)

Date

GLOBE allows you to analyze your data. For example,
surface temperatures of different surface materials can be
very different!
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Questions for you to investigate:

* How does surface temperature compare with current air
temperature? How does surface temperature compare with soil
temperature at 5 cm and 10 cm?

* How does surface temperature vary with land cover (e.g., bare soil,
short grass, tall grass, concrete, asphalt, sand, forest litter)?

* How does surface temperature vary with surface soil color?

* How does the surface temperature of the ground, near the outside of
the atmosphere shelter, compare with the current air temperature
measured inside the shelter?

* How does surface temperature change for different cover types (grass
vs. asphalt for instance) on a cloudy day?

* How does the time of year affect the surface temperature?

* How does the surface temperature change for different cover types
when it is wet versus when it is dry?
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What have you learned?

* What does surface temperature mean?

* Why itis it important to collect surface temperature data?

* What instruments are needed to collect surface temperature data?
* Where can | purchase the instruments?

* Where should | take my surface temperature measurements?

* What data is collected?

* How do | submit data to GLOBE?

* What can | do with the data submitted to GLOBE?
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Frequently Asked Questions (FAQs)

Should | turn on the red laser on the IRT to do my measurement?

Some IRT units are equipped with a laser and backlight. You can choose
whether or not to activate these. If you choose to put them on, a red laser
will shine from the sensing eye area along the approximate line of sight of
the instrument when the recording button is pressed. This will cause a red
dot to appear where the surface temperature is being measured. A backlight
for the digital display screen will remain lit for seven seconds after the
recording button is pressed and released.

Using the laser can help you more accurately locate the point where you are
measuring the surface temperature. However, it will also reduce battery life
and could possibly be a distraction to students. It is imperative that the laser
beam NOT be aimed directly at eyes or off surfaces where it could reflect
into anyone’s eyes. The laser and backlight option is controlled by a switch
located above the battery in the battery compartment.
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Further Resources

For information on purchasing GLOBE supplies

For information on infrared thermometers and how they work

For information about the NASA MODIS Satellite Mission

For information about GLOBE

NASA Wavelength: NASA’s Digital Library for Earth and Space
Education



http://www.globe.gov/web/north-america/resources/globe-equipment-suppliers
http://www.grainger.com/content/qt-370-infrared-thermometers
http://modis.gsfc.nasa.gov/
http://www.globe.gov/
http://nasawavelength.org/
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Please provide us with feedback about this module. This is a community project and we
welcome your comments, suggestions and edits!
Comment here: eTraining Feedback

Questions about Module: Contact GLOBE eTraining rlow@ucar.edu
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