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The Carbon Cycle

Atmosphere Carbon Store ey
Carbon exists in many forms: L /
- atmospheric gases (CO, and methane) iy \
- dissolved CO, in aquatic systems P Blosiiare bt e
- organic carbon in living organisms " feaehng ?.?;'254 Respiration &
- carbons deposits in the lithosphere, as ‘ ehremnn

minerals (carbonates) or fossil fuels.

Carbon cycle animation: Lithosphere Carbon Store

http://www.physicalgeography.net/fundamentals/9r.html
a

What are the sources of atmospheric CO,?

Physical and
chemical

pmr.;assas Physical and
t | chemical
processes

What is the sink of atmospheric CO,?

Sadlmeniatlnn —_—

S -- — Which processes return C to the lithosphere?

Aquatic ecosystems

L —

http://www.nodvin.net/snhu/SCI219/demos/Chapter_3/

Chapter 03/Present/animations/51 1 2 1.html
(&)




The Carbon Cycle

Carbon exists in many forms:

- atmospheric gases (CO, and methane)

- dissolved CO, in aquatic systems

- organic carbon in living organisms

- carbons deposits in the lithosphere, as
minerals (carbonates) or fossil fuels.

Carbon cycle animation:

Vs

Photosynthesis

Respiration ¥ O™

e

¢ : -

Terrestrial ecosystems

_4?}.!!1 E—

http://www.nodvin.net/snhu/SCI219/demos/Chapter_3/

Chapter 03/Present/animations/51 1 2 1.html
(&)

Atmosphere Carbon Store

Fossil Euel
Emissions  Bijosphere
2= Carbon Store /

Coal, Qi & Gas

Lithosphere Carbon Store

http://www.physicalgeography.net/fundamentals/9r.html
a

What are the sources of atmospheric CO,?
respivation, decomposition, diffusion,
burning of fossil fuels (combustion)

What is the sink of atmospheric CO,?
photosy nthesls,

some diffusion into aguatic systems

Which processes return C to the lithosphere?
decomposition of organic matter,

maring deposits of cavbonnates



A simplified carbon cycle

. : extraction
@%’JM I

"~ ~1
- ~ Fossil Fuels < \f%_“/
http://www.carboncounter.info/images/carbon_cycle.gif




A simplified carbon cycle

extraction
) p < ﬁ
i D
sy o Fossil F

~1
_‘W—L,H ue I S <
http://www.carbioncounter.info/images/ecarbon_cyele.gif

@
A. Respiration D. Fossilisation
B. Photosynthesis (carbon fixation) E. Combustion

C. Decomposition F. Methane emissions



Solar radiation has a wide range of wavelengths:

short wavelength (high-energy)
radiation emitted from the Sun

some heat lost to space

/'
.---"""'-d——. —————————— ‘hh"""'-.. I,I
," \"x_
longer wavelength R4 some radiation reflected
b (lower-energy) g \\ back to Earth by greenhouse gases
,z’ radiation re-emitted from ,¢ \\ .
’ the surface ,/’ AN N\

Qg, P \\ \\
O 5 ’ \
4% < 7’ . ;

o) Y ’ \

R N : ,' %
qu 1 radiation strikes Earth > .
& ’ N
’
2 S
uv 400, 500 600 , 700 800 infra-red
; visible spectrum of radiation (nm)
high-energy low-energy
harmful heat

absorbed by the ‘
ozone layer
(more on this later)

wavelengths used in
photosynthesis



Greenhouse gases are trapped in the

troposphere layer, up to 16km above
the Earth's surface.

80 km (SO

Greenhouse gases include:
- water vapour 48 km (30 mi)
- carbon dioxide (CO,) Ozone Layer

- methane (CH,) 16 km (10 mi)

- nitrous oxide (NO,)

Stratosphere

Troposphere

-

http://www.pacificislandtravel.com/nature_gallery/atmosphere.html

ars Planets and atmospheres [

Thin atmosphere

st B The presence of greenhouse gases is vital to
the evolution and survival of life on Earth.
'-' 0,03% of CO3 in the atmosphere
Average temperatura : + 15°C
Greenhouse gases trap radiation within the
- Thick atmosphere .
- condeining 99% of COp troposphere, raising temperatures.

Average temperature : + 420°C

==
e
=

Without the natural greenhouse

effect, the temperature of the Earth would
| not be warm enough to sustain life.

Bouroes: Canvn A Hamilon, Yews of Te o B Amett . The hr = e (BT WETAITRL W A, PRI T e

http:ﬁwww.gfida.nofclimate!vitalﬂ}l.htm
A



Elevated levels of greenhouse gases are strongly correlated with an

enhanced green house effe ct: 1o CO2and Temperature over the 20th Century
As levels of CO,, methane, water vapour and oxides o v | F 1°°
of nitrogen increase, more radiation is reflected back sl TEmpersuE Aoy (NASAEES) 1
to Earth instead of being lost to space. 360 1 A
i lJl : Il; | + 02

Anthropogenic = human-caused 1 Wl 1A i

o | N }o
Which gases in the table have the potential to cause L Wl U1
the most damage? o1 41 «ah o }o2

260 L — ’ —r——y 04

Although we see CorrE|at|0n, Where do SCIentIStS flnd 1900 1910 IC_-lZL" 1930 1940 I'E;F-El 1960 ?;;?-': 1980 1990 2000 2010
the evldence for a causal relatlonshlp? htip:iwww.skepticalscience.com/The-CO2-Temperature-

correlation-over-the-20th-Century.html

More greenhouse effect tutorials:
Tutorial: The Greenhouse Effect

Althaugh & hight wave will pass right through water and carbon

The Earth's surface absorbs the solar energy and

releases |t bal:k to thC atmDSﬂhC[’C as irlfl’a[’l:d ([R:] dioxide, & heat wave will not. When a heat wave collides with
radiation, some of which goes back into space.

a waler or carbon dioxide molecule, it gets absorbed

and then may be reradialed back 1o Earth. This

a» = d# process, which keeps heal energy longer
in the Earih sysiem, is called the

Gragnhouse Efact

™ L - e ae e
s @ | Next..
- *en L - »n o L
= N F Y L g L & = &
'3 o

R IR radiation & -
@ (heat) - VI ; Radiate! "

. R . hitp://www.planetguide.net/book/chapter_3/greenhousel.html
http://earthguide.ucsd.edu/earthguide/diagrams/greenhouse/ (&)

a

Global Temperature Anomaly (* C)



What is the evidence for increasing levels of CO, in the atmosphere?

I I I T 390
. o Recent data has been easy to collect
Atmospheric Carbon Dioxide 280 _ y
Measured at Mauna Loa, Hawaii ) experimentally.
: : : : 370 &
250 € Over 40 years, Charles Keeling measured
| | B atmospheric CO, from his observatory in
I [ c e
.' .' 0 3 Mauna Loa, Hawaii, and the
Annual Cycle 340 E 'Keeling Curve' has become an icon of climate
I._“\ 'g "
r__,./' \ a0 5 science.
N /-* ja
- YL \. =
| .. 20 & It shows a clear trend and annual cycles and
! Jan Apr Jul Oct Jan 8 . ] )
310 may field stations use a standardised method.
1960 1970 1980 1990 2000 2010

http://icestories.exploratorium.edu/dispatches/ipy-the-next-generation/

Historical data takes more effort to collect
and is more variable in the reliability of the
results produced.

o
(=]

direct measurement

&
en

Ice cores are a good source of CO, data,
where researchers can analyse the CO,
concentration of air bubbles trapped in the
ice and estimate year based on the depth
of the core.

ice core data

AT (K) Relative to Present Day

-
[=]

1500 1600 1700 1800 1500 2000

Year
http://www.ncdc.noaa.gov/paleo/borehole/core.html
Q

_http:/fwww.aslo.org/photopost/showphoto.php/photo/620

a



Plot annual fluctuations and long-term trends for one of these sites:
O O @)

32°9' N, 117°3' W 19°32" N, 155°35"' W 89°59' S, 178E

Scripps Institution of Oceanography monitoring sites

90N | | I | I | I |

Point Barrow

G0N

30N
Mauna Loa

Cape Kumukahi

EQ \ 5:}&'._1_-?;; o, ®Christmas Island .

; v - @ American Samoa
L
® Kermadec Islands

» Baring Head

30S

605 -

-

.--—.H_—'r'-“"__b-.—l"'- e W
a0s | | l South Pole | 1 | I |

30E B60E 90E 120E 150E 80 150W 120W 90w B0W 30W

http://cdiac.ornl.gov/trends/co2/sio-keel.html
Q

a 30E



Plot annual fluctuations and long-term trends for one of these sites:

O La Jolla Pier O Mauna Loa, Hawaii @ The South Pole

32°9"N, 117°3' W 19°32" N, 155°35' W 89°59' S, 178E

Seripps Institution of Oceanagraphy monitoring sites

90N | I I | [ | [

Point Barrow

S0M

30N

A5

Mauna Lo
b:ape Kumukahi

J T ®Christmas Island
'mm«

3 v .~ ® American Samoa
L™
® Kermadec Islands

© Baring Head

EQ

308

-

N_o-d"—‘-—_w..r— W
Qos | | ] South Pole | | | | l

30E B60E 90E 120E 150E %D 150W 120W 90w BOW 30W

http://cdiac.ornl.gov/trends/co2/sio-keel.html

a
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Data analysis task: Atmospheric CO, measurements

90N T T T T T T
et Point Barrow

w‘i —R= ---q—-q..‘_' - i
GON =*
35@" 2

30N

308
© Jﬁarlng Head

G0S L

N
j‘g '
La "
i
Mauna Loa Baja Callinmla Sur
{( ®cape Kumukahi’
WChristmas Island
Feex
o
\\‘ + . ®American Samoa
~
! ®#Kermadec Islands

Alert—l_

F- ""’i
Jolla I"Im":x

]
.,J‘_"f—‘.—_\_? “{,_“_'—ﬁi-—_ﬂ’
o0s | 1 | ‘South Pale 75 |

30E 60E 90E 120E 150E 180 150W

’Ihttp:e'fcdiac.nrnl.gow‘t rends/col/sio-keel.html

Visit the webpage and ma
- Station name

- Coordinates

- Period of record

120w 90w 60w 30w

ke notes on:

- Situation (type of environment)

The Carbon Dioxide Information Analysis Centre
(CDIAC) has a huge database of information
regarding carbon dioxide measurements.

1 In this task, use one set of data from their field

observatories in this list:

http://cdiac.ornl.gov/trends/co2/sio-keel.html
e

Using the spreadsheet:

- Open the digital data page

- Select all data for the past 5 years

- Paste into Excel (one giant row)

- Adjust the spreadsheet to make sure
that all columns and rows are correct

- Produce a line graph, presented to meet
requirements for Presenting Processed Data

Look at the graphics for the overall trends. What trends can you see?
Using your own graph, explain the annual cycles in the data.



Analysing atmospheric CO, data:

- Atmospheric CO2 Levels (ppmv) recorded at Mauna Loa observatory, S _*.;k y;;,:-'{”f;i’:w,'_?gi =
189 Jan 2003 - December 2008 A ._.'_?n; o ’:‘5 s j“ff*
387 “am' ‘-‘._..-«-__‘. : * 1. .
\ ’ £ -:::!;L?--; e
E 385 5 <k -
_% 383 4 Tt
g R
¥ 381 X -
'! 379 -
g Mauna Loa, Hawali
= 377 )
S Period of record: 1958-2008
373 Barren lava field of an active volcano
371 2003 2004 2005 2006 2007 2008 p 3|‘lt'lp:||'klliai.'.DrIll.gl‘.l\\'u"l'rl.‘nd&ft'nZJ'Eiill-kt!l.‘,l.llt ml

jfmamj jasondjfmamjjasondj fmamjjasondjfmamj jasondjfmamjjasondjfmamjjasond

Month (Starts Jan 2003)

Trend:

Annual fluctuations:



Analysing atmospheric CO, data:

e Atmospheric CO2 Levels (ppmv) recorded at Mauna Loa observatory, . q__;:-?":,f ;.f-'f:{' _E rH:_ Y
389 Jan 2003 - December 2008 L. A “- ' 3
Mauna® oL = O
= G A’
i e g S
g 385 -1
4 .
= 383 e
o sl B — I —
';,: 381 - - >
‘é " Mauna Loa, Hawaii
2 377 .
- Period of record: 1958-2008
373 Barren lava field of an active volcano
371 2003 2004 2005 2006 2007 2008
jfmamj jasondjfmamj jasondjfmamj jasondjfmamj jasondjfmamjjasondjfmamjjasond

Maonth (Starts Jan 2003)

Trend: Theve Ls an bnervense bn atwospheric COz at Mawna Loa, year-on-year

Annual fluctuations:



Analysing atmospheric CO, data:

391

389

387

385

383

381

379

377

Atmospheric CO2 (ppmv)

375

373

371

Atmospheric CO2 Levels (ppmv) recorded at Mauna Loa observatory,

Jan 2003 - December 2008

2003 2004 2005 2006

2007

2008

jfmamjjasondjfmamjjasondjfmamjjasondjfmamjjasondj fma

Manth (Starts Jan 2003)

mjjas

ondj fmamj jasond

-—-qﬁ?\’} = e
;"_\... VIE lr""fif ::? -
N DS T Y
{ . - i L]
Mauna® o N s g
Loa y % . 5 N i:a;’
! l -_'..-:!f_*_?:;w\,
- T
] g b

wil

Mauna Loa, Hawaii
Period of record: 1958-2008

Barren lava field of an active volcano

Trend: Theve Ls an binerense bn atwospheric COL at Mauna Loa, year-on-year

Annual fluctuations: Awnnual troughs tn CO2 corvespond with northern-hemisphere
swmmers. The northern hemisphere has the greatest land mass
and at this time of the year, more trees and others plants in leat.
This lncreased amount of foliage leads to linerensed
photosywnthesis, and thevefore a greater sink of COz from the
atwosphere. Aninual pears corvespond with winters.



Use this database to seach for ice-core data:

' NOAA Satellite and Information Service Vv Y. Chwaeic
V sbonil Emirarnentsl Sulelils i kaisalion Sen NESDH . D‘“a C"te
Ma tal Satefits. Data. and Infos o ViCe .
WDCforPaleochmalology _Semchicoc |

Home « Research « Data - Education - What's New - Features - Perspectives + Site Map

Ice Core Data Search

Use this form to search owr onfine Ice Core data collection. The search results will be presented as a list of
matched lez, which can then be clicked fior transfer 1o your computer. For more information wsi our Ice Core
pages

Stan Search | Reset Form | Help |Mateh Limiz © 50 & 100 © 260 © 50
Site Name Sites with Data for Calendar Years
I < >
Latitude Longitude Variable Investigator
@_ |
IH Alley. RB
- 10-8e Anikding M
[I&JW |1£E 14C Arkhipov. SM
F 15N Baiita, JR
Accumulation Fiate =] | Barlow. L -l
Altitude |m| Country
All) A
Bolvia :l
Cither Searches
Privacy Policy . ThsTON Disclaimer

htp /e ane nodc noaa gowplspales_dewTm createpages Ireenng
Fage Genersted Wednesday, 27-Aug-2008 08:38.05 pm EDT by palec(@noas gov

Fiease see the Faleocimatology Contact Page or the NCDT Contact Page # you have queshions or comments

http://hurricane.ncdc.noaa.gov/pls/paleo/fm_createpages.icecore
&

Drill deeper:
Find out how researchers genarate

CO2 data from trapped gas bubbles in ice cores.

How do they estimate temperature?

Another chance to use
databases in 1B Biology

Scientists inspecting
an ice core

http://www.treehugger.com/ice-core-inspection.jpg

Temperature and CO, concentration in the atmosphere over the past 400 000 years

e (from the Vostok ice core)
m ] A
200 /'. | -
= | /\ | I&Ih\"l,l..l II'\MMI\ f‘u/f
sl o Yo U "m'\ M\ =) =%
- b : Y m TRAT WA N\ A |
220 \ == | \ ]’ ".. } | | -|| . \ VA i .I
d \n ) N, \ tll'\ [ / \\ | v \ ! i
e ‘ WY \v“\_,-'r""-/‘f\J &l i
180 4
160 . o o =t - e
400 00O 350 000 300 000 250 000 200 000 150 000 100 00O 50 000 0
Year befors present (present = 1950)
Temperature change from present, °C
4C
2C A1 I:” | n'li? |
o) B | { f
2°C+ ¢ | Il \ J'P‘ B I.ll ‘\Ii err
4C M, Ne A | \ i ! w.w "k“ I ‘
W L L Nl " Iy i)
&C = o | ey M ' f il& ) , / ! | Fr"
395 M VLW Wi ”P" ‘Wﬂ,
S0°C +— T T T Y T
400 000 350 000 300 00O 250 000 200 000 15|:||uoo 100 000 :m:nn [}
Year before present (present = 1850)
e AR
Bourns: JA e, J Jogeel of ol Climats e e past #rors the Vemink ioc oo in Amteotes, Nt 390 (L Urg), pp €20-406 1909,

http://www.grida.no/climate/vital/index.htm

a

e http://www.youtube.com/watch?v=V|Tsj-fi-p0

e http://www.youtube.com/watch?v=o0HzADI-XID8




What are the relative warming and cooling effects of various gases?

Climate Influence Between 1750 and 2005

p
in

% z SURFACE WARMING INFLUENCE Although manv gases; natural and a'r]t}]r'o;)oger,ic:JI
g s play a role in the enhanced greenhouse effect,
& - scientists are most concerned about carbon dioxide,
£ 05- = 1 . .
£ al W._ & __L| methane and nitrous oxides.
i R A4 b J
gos +
;g-w Where other gases, such as CFCs have more potential
L isaniiti for damage, they are produced in smaller amounts.
&**" IS (f"‘» A ALLL L SALS
RS T i ronossgaos
i & 3] &
4 s & gy - Onhiie e . 4
P G@“"Z& & 5¢ gases | e R Mg Marpog xﬂm-
Lj& = Fossil fual combustion
Human-induced Climate Drivers Hatural Carbon-dioxde co, 278000 ppby 358 000 ppbv Vanabie Land use conversion 1
] Tabila 202 F i Lnilan af C i S |prtiat CWIprmm
ftti}?fw?;w ucsusa.org/elobal warming/science and_impacts/ pfm' fuels
science/CO2-and-global-warming-faq.html Methane CH, 700ppbv 1721 ppbv 12243 ﬁﬂﬁ“",ﬁ:ﬁ 21
a Livestock
Fertilizer
. Nitrous cxide N,O 275 ppbv 311 ppbv 120 industnal processes 310
The focus on CO2 is understandable: o
E : . . Liquid coolants i
- it remains in the atmosphere for RN WSy R 0% @ Foams 82007100
extended lengths of time o Mg G Sy | L";i';"s R
Bt f g Perfluoromethane|  CF, 0 070ppbv 50 . 6 500
- it is produced in huge quantities i o AR
o aps " Sulphur Dislectric
- it is familiar and easy to communicate neafuonde |  SFe e N i

its importance to the public

Nale - pgtw= | el per irilios by volume: ppbe: | parl pes billon by volume, ppme: | port por mi|bon by velame

* GNP for 100 B hostron, Inmmﬂmdtw i poeinction s il moaphi: st \epour 5o
e i umﬁ' foa O oo b o ﬂemlrmud“wﬂ-ﬂﬂpmm“rmm-u:m S!Rllim: .@)
(L. Inckadng N mnmnhnmqﬂh: vadal unl

G 1 '||I|N'-'| _;---;.- I--ull dhearega 1l T of geFws TaEnge, SOrldutoR of @k QD T 1 T Secon o asessenE rapart of e
III Qe TrerLE O i Imile 2. INEP anciwhiC dH ltl reis utiversly 1996

http Hw““ grlda no/climate/vital/05.htm
a
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UNEP G unu!n!?
Golng for the

green::

:

e

]

RTINS

UN Environmental Programme:

Some great resources here to relate environmental
impacts to poverty and human issues.

¢ The Environment and Poverty times:
How are the effects of environmental
change impacting the lives of those in
developing nations and in poverty?

ehttp:.-’Iwww.grida.nm’publicatinnsf ct/ep6/

The cooling factors
‘Volcanic " Sl
o - =
AEROSOLE o

| e
—

ARbedo: abilty of
Enary reflected uu:::m;u.

fromsandsloms L EROS0LS B
Sulphates) nds

AEROSOLS

«“<N, ﬁm' _ﬁ“

Asrosols: finy particies of iquid or dust suspended in
rmmwmm

of CC, ' e pebcprakas, WAO, UNEP, LD Durey Marvay, Olnae ird ghobal snvironsents

Boaraas. ““d‘-“ﬁ
dhange, Paeics M___.m

6http Jiwww.grida.no/climate/vital/14.htm

Useful Stats and Graphs

CO, emissions from industrial processes

L
Arends

mfp:waw.grida.na'climatefvitalmlhtm
a

CO,, emissions from land use change
North and Central
America Europe Asia
Alrica
0 i.
South
America
1 500 000
1000 000 -~~~ SR
500000 -~
200000 -
DT,
CRIn (@)

Arandal e

e ""6]1 ttp://www.grida.no/publications/vg/climate/page/3064.aspx



What are the consequences of global temperature increases on arctic ecosystems?

Increased global temperatures will result in a
shift of characteristics of the world's biomes.

°c
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A regular polar ice-cap climograph:
Low precipitation and temperatures

p 'jh ttp:/fen.wikipedia.org/wiki/Climate_of the Arctic

Yakutsk

40

mm

20

o *C| annual mean ~115°C
under 0°C all year. 40f- ™)
———— Maximum exlréme lempeérature 204 I I I
- Minimum extreme temperature . l : I )
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-20
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To camerl Caliivi 16 Falveahent multiply by 1A, then sod 32 - 40 | \ i
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40 ;I “80 -
A sub-arctic climograph:
2 AR ; 185
20 Higher annual precipitation and rainfall. i
The future of the arctic ecosystems. P T e e

JFMAMJJASOND

Critically, geographical regions will develop the characteristics of their
warmer neighbouring biomes: the niches present in the area will no
longer exist in the same form, resulting in a change in populations.

Let's look at the arctic ecosystems as an
example of an environment under threat.

. As temperatures and precipitation increase, there will be a
shift in species present as new species migrate into the
< !} s I“y area to take advantage of new niche opportunities.
- 4_—7_ \ The Arctic (including Arctic circle):

10° C isotherm, £ =
July gz | e il




The Arctic Report Card
M: Produced annually by NOAA, the report card outlines

P T climate data and changes in local physical and
 biological characteristics.

" = l-.' c‘tl.l-;nllburu incieases were recorded in ut.!lcn’ld Increase in femperature of suface i
! - I A Seasonal sea-ice changes:

; omo

= e wET T -0n-
[ " — —_— ﬂ A R I N ok, N lce Extents S—— ] Year-on-year decrease of
. , = i summer sea-ice coverage
Z Fianaries s manine masmmals impacted by Parmarant temperature s tand 16 increais, e 1 o
Sl 0w of wen ice ﬁ while §now s xtent tends to decreass 5 4 7 leads to habltat IDSS-
!2 12 rF
Primishin nn*':;;‘llh.‘:u?;j Irr;p:..nauplal. :g 10
_| .,E 8
Key issues: y N
- Sea-ice and habitat loss R o o BT L
1 I ,I: Jon Feb Mor Apr Moy Jun Jul Aug Sep Ocl Nov Dec
- Increased decomposition and release o Siniiin a0 Wiiter Surnmer 2008

organic matter from permafrost (further release of CO,)
But:
- Redistribution of plant and animal species:
- coniferous forests moving into arctic areas, more
photosynthesis and sink of CO,
- migration of animal species, leading to food
scarcity for arctic predators
- fisheries changing structure from ice-requiring species
to sub-arctic species (interspecific competition)
- pest species are more successful, including bacteria http://www.arctic.noaa.gov/reportcard/seaice.html
and other pathogens °




The Precautionary Principle:
If there is a chance that an action may do
harm to people or the environment, it
should be stopped until it is proven safe.

The burden of proof lies on those whose
actions may possibly do harm.

It is their responsibility to provide

evidence before they are allowed to carry

on with their actions.

There's no

(

From the Wingspread statement:

"When an activity raises threats of harm to human
health or the environment, precautionary measures
should be taken even if some cause and effect
relationships are not fully established scientifically.
In this context the proponent of an activity, rather
than the public, should bear the burden of proof."

"Not having the evidence is that something might be a

problem is not a reason for not taking action."
Caroline Raffensperger at Bioneers discusses the Precautionary Principle:

http://www.youtube.com/watch?v=yAsH4Q7N|y3
(&)



In the case of global warming, we are collecting i F . d h 1
evidence daily that suggests that there is an I rSt, 0 n O a rl I |
anthropogenic component to the enhanced
greenhouse effect.

Primum non nocere

The hippocratic oath taken by doctors:
how does it relate to the precautionary principle?

The precautionary principle dictates that we should
take action to reduce the human impacts on
greenhouse gases as we gather more evidence for or
against anthropogenic cause. This way, if (and it looks
ever more likely) we prove a human impact, we have
taken steps early to reduce harm.

If we do not take action and anthropogenic cause is
proven, we have done more damage to the
environment in the meantime.

The burden proof lies on all those individuals and
organisations whose actions may be contributing to
the problem.

Regardless of one's position on the climate change
'debate’, it is the responsibility of all of us to be
informed and to take steps towards a more
sustainable, harm-reducing future.

image source unknown



Evaluating the Precautionary Principle:

How can we, as an international community, decide to do the right thing?

What are the pros and cons of taking action now, in line with the precautionary principle?
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Protecting other species from habitat loss and extinction
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How do we demonstrate the precautionary
principle in our day-to-day decision making?

How does it apply to policy-makers' decisions in:

- food safety?

- medicine?

- genetics and bioethics?
- economics?

Try some of these resources:
Environmental Ethics

What value does the environment have? Which area? Farmiand, rainforest,
cesert, meadow, river, mourtain, tundra or sea? And to whom? Do we valie
il because it 15 useful or because it has a valuz in of itself?

IN THIS SECTION
BIODIVERSITY

These are some of the guestions envronmental ethicisis hope to answer,
znd guick y, because the extent of the human population and itz associaed
tachnology mean we are now able to cause more damage then ever before

These pages address the folowing issues

& Biodiversity

¢ Pcllution

¢ Climate change
« Ccnservation

CLUMATE CHANGE

Poll
Does this rainforest flower have most value for
you because

C all plants have value?

C it provides the ingredients for a crug used to
treat childhood cancers?

C it is pretty?

Submit |

CONSERVATON

(%) Animals

Tech nulugi&

-« Cloning &
') Reproductive
v Technologies

€2 Climate

Change
2-J) Pollution

BioEthics Education Project:
http://www.beep.ac.uk

More resources:

AVAAAS

ADVANCING SCIENCE, SERVING SOCIETY
http://www.aaas.org/news/press_room/climate change/



biomagnification

The following slides are from the presentation

Impacts of Humans on Ecosystems
from

Option G: Ecology and Conservation



Ozone (Os) in the stratosphere absorbs UV radiation. oF

The high concentration of ozone (O3) in this layer ‘)
which reaches Earth. \

The ozone can be depleted by chemical gases, including CFC's
(chlorofluorocarbons). These aggregate over polar regions and the cold
temperatures allow for the depletion of the ozone layer by splitting CFC
molecules, using UV.

The result is more harmful UV radiation reaching the Earth's
surface, where it can cause damage to living things and
contribute to global warming.

NASA explanation:

Ozone layer shielding the planet:

http://svs.gsfe.nasa.gov/vis/a000000/a000800/a0
http://www.youtube.com/watch? v=qUfVMogldr8 00834/index.html
A )



CFC's deplete the ozone layer

Natural ozone production

- _) + | 3 There is a natural balance of ozone creation and
~J v = """‘02 B = destruction due to UV radiation in the atmosphere.
) l_”_"".-,"i'g‘:,'f"“' The ozone layer is maintained at safe levels.

AQ—-D + 0

Matural ozone destruction

When CFC's are released into the atmosphere, they
speed the depletion of the ozone layer.

Y
cl
0 3. Chlorine splits ozone
1. UV radiation splits CFC molecules. -

. molecules into O, and CIO
Q"‘ < (chlorine monoxide).

Source of all images:
http://www.bom,.gov.au/lam/Students_Teachers/ozanim/ozoanim.shtml

CFC molecule

J 4. Chlorine then binds free oxygen
ree atoms and is released.
)0 2. This releases chlorine molecules. et
5. Chlorine goes on to split more

CFC molecule ozone molecules. It can split up to

0 cl 100,000 molecules. At that rate,
Chlorine (Cl) J Oxygen (0) 0 Fluorine (F) @ carbon (o] J natural ozone pl"OdUCthn cannot
0, compensate.

Extend Page



Elevated levels of UV are harmful to living organisms and biological productivity.

mutations » protein malfunction
UV promotes DNA damage <
cancers or tumours

enzymes may not function

Damages organic molecules mortality in marine
algae and phytoplankton___ loss of productivity

nitrogen-fixing / in autotrophs

bacteria in soil killed

reduced yield of crops

cancers (e.g. skin cancer)

cataracts and eye damage

Human health impacts _ _
depressed immune function

A J
food shortage/ malnutrition from crop failure



Stay safe in the sun!
Check the UV Alerts (if they exist) for your area.

How to read the UV Alert

http://www.bom.gov.aw/info/about_uv.sht

Wieb version

- (Sample data only)

- . . N i

This shows the period 4 UV ALERT The maximum Uy

of this day that you SUHSMAM Index level faracaet for Protect yourself from harmful UV radial
need to be SunSmart T this day is 12 - which

i ert: 8.15 am to 4.20 pm :
8.15 am - 4.20 pm. MAX UV Index: is extreme.
12 Protect Yourself
5 Ways

p

L Index range:

® Low (0-2) - ‘ ' on sun-prot
® Moderate (3-5) ' /' clothing

* High (B-7)

® Very High @-10) |l 3 Shows the time of day. :
® Extreme (11+4) Nt ) m ™ - 8,9,10 | VeryHigh
" 4 8pm

6,7 High

Asymmetry Border Diameter:
irregularity Y4 inch or

6mm
http://64.143.176.9/library/healthguide/en-
@usﬁsupportJ'topic.asp?hwid=aa?8'?99



