Activity 5 — The Effect of Greenhouse Gases @ :
Klimawandel

verstehen und handeln

What effect do greenhouse gases have on the Earth's Moritz Strahle und

Cecilia Scorza

temperature?

Part 1: Can CO2 "intercept" invisible infrared radiation?
Switch on the infrared radiator. As the emitter heats up, read the background text carefully and match
the parts of the experiment with their equivalents in reality:

Air in the can Additional greenhouse gases

Ceramic infrared radiators% Earth's atmosphere with normal CO; concentration
CO; produced in the Erlenmeyer Earth soil

flask

Implementation:

— Wait until the temperature in the can no longer changes in a time frame of 30 seconds and you
can as-sume that the equilibrium temperature has been reached (in the range between 30°C and
40°C). Write this down!

Shown below iis @ sample: measurement with

equilibrium temperature without CQO,: 28,8°C

eq liliébrl im.temperature.with.C05:.29,6:°C

The temperature rises:by 0,8°C!
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? The CO2 concentration in the atmosphere is measured in
parts per million (ppm). It thus indicates how many molecules
of CO2 one million molecules of dry air contain. Search the
Internet for "NASA CO2" and search for the current CO2
concentration in the atmosphere. Also compare with the , :
historical values of the last 800,000 years in the figure there. 320
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Thousands of years before today (0 = 1950)

Quelle: NASA

The €OZ concentration in the atmosphere has increased by almost:50% in tne ilast 200

years - from gbaut0.0280% ta 0.0416% today.

(NASA; Febriigry 2027T).
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nat comparableito the fllictuations of the:last 800,000 yearst We hiave had an

extremely strong and rapidiincrease of CQ2 in the:atmosphere since the 19th century.

The curkent concentration is as high as never before!

For centuries, atmospheric carbon dioxide had never been above this line
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? What has led to the observed greenhouse gas concentration since the 19th century? How is the
exper-iment related to these data? Summarise your findings in two sentences.

Since the 19th century or. with the beginning:of ithe industrial revolution, :humanit
o

emits.enormaus.amounts.of CO2through:machines.like.cars!:Many.techhol

o)

es.the

1t

~

. + | £, /. £, I
0p_u re oUuscu, urriori LT erimy s, UEN JOSSE fUCiS UE CQUl, W

e
onte product being COZ, whicnis emitted so that we can: use electricity, jor examg

>}
-
)

Crivroi-ffD)-D).

1180--Efb rtio a4

e-ejject:anga-tnus causes

[
Q

[1°)

G

smeertctyz nospnere-mcreases

tempergtiure of the planét to rise (reminder: radiative equilibritm); Tt is Very eqsy

to

see that humans are directly responsible for glabal warming or climate change.
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Part 2: Infrared radiation is intercepted
In addition to measuring the temperature in the can, the radiation that passes through the can can be
measured (transmission).

Implementation:

— Wait until the temperature remains constant (as above) and then observe the temperature
reading (and visible image, if applicable) of the thermal imaging camera as CO2 is poured into the
cardboard tube.

Afterifilling with:CQ2, the image on thé thermal imaging camera changes, the

observed zoné becomes somewhat darker or. the temperature ta be read off
decreases somewhat after agpproximately:5 min. Approx. 0.6°C lower.

The same grocess is shown more spectacularly in the following video:

https://www.youtube.com/watch?v=SeYfl45X1wo

Task:

— Interpret the result! Note that a thermal imaging camera calculates the temperature of an object
using the emitted thermal radiation (see Activity 4 - Stefan-Boltzmann law).

Tnenéat radiation how noTonger I’EQCE)ES the thermal lﬁna ging camera unninaered.

The COZ absorbs the energy from: the heat radiation and releases it evenly in both

directions (to the lamp and to the camera). Thus, not.all of the heat radiation from

the-lamp.-reaches.the-¢amera, the.image.-k rature.is
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The lamp emits hedt radidgtion (répresenting the éarth); towards: the thermal imager

(representingispace). The tube with the CO2 {representing the atmosphere).absorbs

this however and radiates again. a gart back.



https://www.youtube.com/watch?v=SeYfl45X1wo

Part 3: Why do greenhouse gases in the atmosphere heat up the Earth's surface?

Implementation:

— The Petri dish out of glass in the following experiment acts like a very dense greenhouse gas
atmosphere that absorbs almost all the infrared radiation from the Earth's surface (infrared
radiator). Observe the infrared radiator from the front with the thermal imaging camera, first
without the glass plate and then push the glass plate in between with the help of wooden clip (left
picture). Observe for about one minute and then write down your observations.

Without the glass plate, a bright red to.white image is seen on the camera where th

0

emitter is. With the glass plate in between, this.changes rapidly, the image becomes

darker.adnd:the.temperature.is.also.s nV,nI reduced.vwhere.the.emitter.is.:Afterisome
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— Now look (directly afterwards) at the glass plate from the surface of the Earth (right picture). The
effect observed here in the model experiment is a further crucial element in understanding the
greenhouse effect. Explain it by putting the sentence blocks in the right order:

1. The greenhouse gas CO2 absorbs the heat radiation emitted from the Earth.
2. ltis heated up by absorbing radiant energy.

3. The heated gas itself now radiates infrared radiation in all directions,
including towards the Earth.

4. This additional source of radiation heats up the Earth's surface.

Riickstrahlung von IR-
Strahlung durch die
Atmosphdre



