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Atmospheric Controls of Surface Temperature

WHAT YOU SHOULD LEARN IN THIS EXERCISE:
* How the greenhouse effectinfluencesthe global mean surfacetemperature.
* How cloud cover aff ectsthe global mean surfacetemperatur e.
* How cloud albedo aff ectsthe global mean surfacetemperatur e.

WHAT YOU NEED TO DO IN THE COMPUTER LAB:

1. Creae a folder on your desktop ertitled OrempControls.OY ou should save all of the plots ard
data for todayOexercise in this folder.
2. Openthe program:
(a) Go to the Hands-On Metearology page via Blackboard | Exterral Links
(b) Choose CATMOS 1000
(c) Openthe programlink to GControls of TemperatureO
3. Openanotepadto recad your answers. Sekct the GGraphing Tool Obutton. In the
Graphing Tool window click ONotepad O
4. Work through parts A, B, C and D.

You will vary four differert quartitiesduring todayOsxercise:

% of Greenhouse Gases Thisisthe percertage of greerhouse gasespresrt in the
atmosphereasa percert of normal concertrations. For examgde, 100% means thatthereis
the same amount of greerhouse gasesasin the currert atmosphere 0% mears there are
no greerhouse gaseesand 200% mears thereare twice as mary.

Cloud Cover %: Thisisthe percertage of the Earth thatis coveredby clouds. For examgde,
0% mears no clouds and 100% mears the ertire plaret is coveredwith clouds. On
average 30% of the eart is coveredby clouds atany giventime.

Cloud Albedo: Thisisthe globally averaged albedo associated with the clouds. It hasarange
of 30-50% for thin clouds and 60-90% for thick clouds.

Ground Albedo: Thisisthe globally averaged albedo of EarthOsurface. The range canvary
from 0 to 100%.

PART A: GREENHOUSE EFFECT
This part of the exercise exploresthe effectof greerhouse gasson the global meansurface
temperature of the Earth. Recall that the amount of greenhouse gases(selective absorbers) ard
clouds controls the greerhouse effect.

Answer thefollowing quedions:

ALl. Slide the % of Greerhouse GasDto 0%. Setthe OCbud Cover %0to 60%, the OCbud
AlbedoOto 65%, and the GGround AlbedoOto 25%. Record the Global MeanSuface
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Temperature on your notepad (accesible through the Graphing Tool). Be sure to include the
guesgion number and temperaure units.

A2. Slide the % of Greerhouse GaeDto 100%. Leave all other slider barsthe same. Record the
Global Mean Suface Temperaure.

A3. Slide the % of Greerhouse GaeDto 200%. Leawe all other slider barsthe same. Record
the Global MeanSufaceTemperature.

A4. Now you will create and save a graph depicting temperaure change asa function of percert
of greerhouse gases
a. Inthe Graphing Tool window choose:
X-axis: GH gas
Y-axis: TempC (not the TempK)
b. Sawthegraphinthefolderyou createdon the Desktop.

A5, Save your notepad data, but do not close it. Choose OFieGand O%ive AsOfrom the meru.
PART B: EFFECT OF CLOUDS

This part of the exercise exploresthe role that clouds play on the global meansurfacetemperatre
of the Earth.

Answer thefollowing quedions:

B1. SetM of Greerhouse Gaeto 100%, OCbud AlbedoOto 65%, and GGround AlbedoOto
25%. Slide GCloud Cover %0to 0%. Recad the Global MeanSufaceTemperature on your
notepad (Include quegion number and units.)

B2. Slide the OCbud Cover %0to 50%. Leawe all other slider barsthe same. Recad the Global
MeanSuface Temperature.

B3. Slide the OCbud Cover %0to 100%. Leaw all other slider barsthe same. Record the Global
MeanSuface Temperature.

B4. Creak and save a graph depicting temperature change asa function of Cloud
Cover %. (seenext page)
a. Inthe Graphing Tool window choose:
X-axis: Cloud %
Y-axis: TempC
b. Sawthegraph inyour folderon the Destop

B5. Sawe the datain your notepad (Choose CFileGand OSag.O)

PART C: EFFECT OF CLOUD ALBEDO

Now examine the effect of cloud albedo on global mean surface temperature. Cloud albedo can
range from 30% to 90% depernding on how thick the clouds are. Thin clouds have analbedo of
30% to 50%, while thick clouds have an albedo from 60% to 90%.
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Answer thefollowing quedions:

C1. Set of Greerhouse GaseOto 100% and GCloud Cover %0to 60%, and Ground Albedo to
25%. Slide the GCloud AlbedoOto 30%. Record the Global Mean Suface Temperaurein
your notepad (Include quegion number and units.)

C2. Slide the OCbud AlbedoOto 50%. Leave all other slider barsset the same. Recad the Global
MeanSuface Temperature in your notepad.

C3. Slide the OCbud AlbedoOto 90%. Leave all other variadesthe same. Record the Global
MeanSuface Temperature.

C4. Creak and save a graph depicting temperature change asafunction of Cloud Albedo.
a. Inthe Graphing Tool window choose:
X-axis= Cld Alb.
Y-axis=TempC
b. Sawthegraph asyou did above.

C5. Saw your notepad data.
PART D: EFFECT OF GROUND ALBEDO

Now examine the effect of ground albedo on global meansurfacetemperature. Ground canrange
from near0% to 98% depending on surface conditions.

Answer thefollowing quedions:

D1. Set W of Greerhouse Gases0to 100% and OCbud Cover %0to 60%, and Cloud Albedo to
65%. Slide the GGround AlbedoOto 5%. Recad the Global Mean Suface Temperaurein
your notepad (Include quegion number and units.)

D2. Slide the GGround AlbedoOto 25%. Leawe all other slider barsset the same Record the
Global Mean Suface Temperaure in your notepad

D3. Slide the GGround AlbedoOto 60%. Leawe all other variad esthe same.Recad the Global
MeanSuface Temperature.

D4. Creat and save agraph depicting temperature change asa function of Ground Albedo.
c. Inthe Graphing Tool window choose:
X-axis= Grnd. Alb.
Y-axis=TempC
d. Sawthegraph asyou did ahove.
D5. Save your notepad data.

The red of the exercise you canwork on at home.

© 2003 Dept. Atmospheric Sciences, Univ. lllinois



Pv UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
.Q ‘i HANDS-ON, MINDS-ON ]
[ PPN METEOROLOGY
DEPARTMENT OF ATMOSPHERIC SCIENCES

PART E: QUESTIONS FOR THOUGHT

WHAT YOU NEED TO TURN IN:
Plea® organize the following materials in the order they arelisted stape, and turn in.

« Coverpage with your name, the date, title of exercise: OCaitrols of Suface
Temperature,Oand your secion number and instructor.

* Printeddata file that contains your arswers to the quedionsin parts A through D (see#1
below).

* Thefour graphsyou createdin class (see#2 below)

* Theamswersto quedions 3 - 8 below (partE).

Note: Your arswers should be typed. This will provide you with a backup copy of your
assignmert and prevent any misinterpretation by the TA gradng the assignmert.

Completethe following:

1. Openthe datafile that contains your arswersto the quegionsin parts A through D and
convertyour temperaturesto degreesFahrerheit. Type the Fahrerheit value next to the value
you recaded Be sure to indicate units. (Your final file with contain both units.)

2. Print out the four graphs you created (listed below). Attachthes graphs to your Exterded
Exercise write-up.
* 9% Greerhouse Gassvs. Global MeanSufaceTemperature
* Cloud Covervs. Global MeanSuface Temperature
* Cloud Albedo vs. Global MeanSufaceTemperature
* Ground Albedo vs. Global MeanSufaceTemperature
3. Deribe, in your own words, whatis meart by Odobal mean surfacetemperaure Oand Ocbud
albedo.O

Use your amswersto parts A through D along with your graphs to arswer the following quegions.
Regpond to the QvhyOquedions with brief (2-3 sertence maximum) regponses

4. (a) How doesthe global meansurface temperature change (increa®, decreas or remain

constant) asthe % of greerhouse gasesincreases? Why?

(b) How doesthe global mean surfacetemperaure change asthe percert cloud cover
increags? Why?

(c) How doesthe global meansurface temperature change asthe cloud albedo increases?
Why?

(d) How doesthe global mean surface temperaure change asthe ground albedo increases?
Why?

5. (a) Whatisthe range of global meansurface temperature whenthe percert of greerhouse
gasesis changedfrom 0 to 200 percert? (Give your answer asa single numeric value,
eg., 5K)

(b) Whatisthe range of global meansurfacetemperature whenthe percert of cloud coveris
changedfrom 0 to 100 percent?
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(c) Whatis the range of global mean surfacetemperaure whenthe cloud albedo is changed
from 30 to 90 percert?

(d) Whatisthe range of global meansurfacetemperature whenthe ground albedo is changed
from 5 to 65 percent?

6. Basdon your answer to #5, what variabe could account for the larges changein global
meansurfacetemperature?

7. Whatwould happento the surface temperature if all the greerhouse gaseswereeliminated
from todayOsatmosphere?

8. If theamaunt of greerhouse gasesdoubled, the Earth would be warmer. The warmmer global
meansurfacetemperature would reault in more melting of the polarice caps and snow. This
would change the meanglobal ground albedo. The wam temperatureswould also erhance
the evaporation rate from the ocears and leadto a change in meanglobal cloud coverage.

(a) In this scerario, would the meanground albedo increa® or decreag?Why? Basdon
your graph of meanground albedo and temperature, how would the surface
temperature change?

(b) In this scerario, what would happento the amount of cloud coverage? Why? Based
on your graph of cloud cover and temperature, how would the surface temperature
change?
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