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Climate change and carbon dioxide — Teachers’ notes

Background information

See T

he greenhouse effect and global warming.’

How science works

Use theories, models and ideas to develop and modify scientific explanations

Use knowledge and understanding to present scientific arguments and scientific ideas
Analyse and interpret data to provide evidence

Evaluate methodology, evidence and data and resolve conflicting evidence
Appreciate the tentative nature of scientific knowledge

Communicate information and ideas using appropriate terminology.

Answers to questions

1.

10.
11.
12.

13.

RS

Fossil fuels contain carbon, which when burnt in sufficient oxygen produces carbon
dioxide. Eg:

CgHqg + 25/2 O, > 8 CO, + 9H,0

Alternatively, the large hydrocarbons in oil can be represented simply by CH, which
undergoes complete combustion as:

CH, + 3/2 O, 2 CO, + H,0.

Sources of CO, include respiration (animals and plants), decay of dead organisms,
volcanic activity, the oceans (as they warm up the CO, can come out of solution.) Sinks
for CO; include photosynthesis, the oceans (which dissolve a large amount), carbonate
structures such as shells of molluscs and corals.

There are no local emissions to distort the readings.

Regular calibration is important to ensure that the readings are as accurate as possible
and that there is no ‘drift’ in the data.

Winter will be higher — the rate of photosynthesis will be lower and emissions for heating
etc will be higher.

0.038%.
The rate at which carbon dioxide concentrations are rising is increasing.

The global average temperature has been mainly increasing through the century, with the
exception of the 1940s when the temperature decreased.

As the century has progressed, the blue line has got thinner. This shows that the level of
confidence in the data has increased as the uncertainties have been reduced.

No.

'®0 contains 8 neutrons and "0 contains 10.

To ensure that they do not contaminate the ice cores.

The pattern is regular with an interval of aproximately 100 000 years.
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14. Yes.
15. Temperature.
16. No, CO, concentrations have never been this high before.

17. As concentrations this high have never been seen before we do not know how the Earth
will respond and particularly what will happen to the temperatures. This is effectively a
massive chemistry experiment with the Earth’s entire atmosphere.

Possible response to summary

Possible causes of climate change over the last half a million years:
e The variation in solar radiation reaching the Earth (Milankovich cycles)
¢ Rising temperature and carbon dioxide working in feedback with each other.

Possible causes of climate change over the last 150 years:
e Rising temperature and carbon dioxide working in feedback with each other
o Anthropogenic (man-made) carbon dioxide emissions
e Changes in the activity of the Sun — the more sunspots, the more solar energy reaches
the Earth.

Parts of the climate and carbon dioxide link which are well understood:

e (CO, does absorb infrared radiation

e There have been cycles/variations in the temperature of the Earth.

o The temperature of the Antarctic and the concentration of carbon dioxide follow a similar
pattern. This is consistent with CO, acting as an amplifier of climate change.
There are natural sources and sinks of carbon dioxide

o Humans are putting carbon dioxide into the atmosphere at a rate never seen before and
the concentration is higher than at any time in the last 800 000 years.

Parts of the climate and carbon dioxide link which are not fully understood and where further
research is required:
e There is less data for how the temperature of the Earth, apart from Antarctica, has varied
in the last 800 000 years.
e Itis not known in detail why carbon dioxide concentration and temperature followed a
similar pattern in the past.
e ltis not certain whether carbon dioxide or temperature began to rise first at the end of the
ice ages.
o While it is expected that temperature will rise if carbon dioxide increases, the exact
magnitude of the rise is not known.

Further reading

There is a huge amount of information in the media and on the web about climate change and
carbon dioxide.

For information in the media, try searching the websites of New Scientist (some of the content is
restricted to subscribers) or major newspapers. For example:
http://environment.newscientist.com/channel/Earth/climate-change/ or try the New Scientist
homepage: www.newscientist.com
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www.timesonline.co.uk
www.telegraph.co.uk
www.independent.co.uk

For an article about sunspots see http://news.bbc.co.uk/1/hi/sci/tech/3869753.stm.

There have been some major studies into the likelihood and implications of climate change.
Even the summaries of these are long, but could be understood by most students. Try
www.ipcc.ch; this will give access to the assessment reports. The most relevant to this activity
is the Working group 1 report: ‘“The physical science basis’. The Fourth Assessment Report
(AR4) was published at the start of 2007.

For a British version, see the Air Quality Expert Group (AQEG) 3™ report available on the Defra
website: http://www.defra.gov.uk/environment/airquality/publications/airqual-
climatechange/index.htm.

For information about the British Antarctic Survery (who participate in drilling and analysing ice
cores) see: www.antarctica.ac.uk.

The Royal Society website has a section on climate change controversies which is clear and
easy to understand: http://www.royalsoc.ac.uk/page.asp?id=6229.

For the most up-to-date data on carbon dioxide concentrations as measured at Mauna Loa see:
http://www.esrl.noaa.gov/gmd/ccgg/trends/co2 data mlo.html.

(All last accessed November 2008.)

RSC Advancing the
Chemical Sciences




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


