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CHAPTER 2
NATURAL SCIENCE

In chapter 2 we wilintroduce the basic concepts and workings of nature. This
be split into the atmospherthe hydrospherghe lithospherand the biosphere theg
four being defined as the geosphere. We will look at the very fundamental fort
nature and the problems that has occurred doeaa idvention into the natural
world.

CHAPTER SECTION

2.1 What is nature?

2.2 Environmental degradation

2.3 The earth

2.4 Basic environmental problems

2.5 The earthsd spher
25.1 The atmosphere
2.5.2 The hydrosphere 140
2.5.3 The lithosphere

2.6 Basic conclusions 223
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Nature teaches more than she preaches.
There are no sermons in stones.
It is easier to get a spark out of a stone
thana moral

John Burroughs

developing crucial answers and solutions to a long range of fundamental
questionglealing withgenetics, space, medicirgysicsetc. Thus,natural
sciencehas given us a range of tools, methodolggiescepts, prescriptions etc.
that has made life much easier for human beings. It has provided us with a number
of essential medicines. It has allowed usénd a man to the moon. It has
constructed buildings, bridges and roads that have changed the face of tHe earth.
has stressed facts instead of fictiSo.let us have a look abmebasic assumptions
or relationship®f natural sciencéalVe can observe that:

N atural science has for long been recognized as an area which has been

nature and societgffect each other mutually

the eartlconstitutes a dynamic system

resources are limited

nature exhibits a high degree of biodiversity

all life has developed through evolution

organismsconsistof cellsi the genesf these can be hereditary or changeable
everything in the universe uildup of small particles

basic physical forcework all over the universe

the energyn the universe is constant but can change from one form to another
the solar system is a tiny fractiofbillions of galaxies in the universe

human beings are tlumly speciesvho exhibits a articulatecpurpose

> I> I > T> IT> I> T > T >

These assumptions take the character of being facts given our present knowledge of
theworld. These assumptions are observable, and constitute scientific evidéance.

can anyhow say that though being facts they dmecessarilcontain a universal

truth. Some resources are abundamsomep | a aatute sloes not exhibit a high
degree of biodiversityOn the othehand,it would be hard to argue that organisms

do not consist of cells or that all life has developed through evoluBonlet us try

to systematize it a bit.
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2.1 WHAT IS NATURE?

Not so long ago the former Danish Minister of the Environment stated thiat in h
opinion a wheat fielformedpart of naturend a couple of years ago | was
commissioned before the Danish Parliaments Environmental Committee where the

Chairman asked me what | mearttem talkingaboui s ust ai nabi | i tyo.

these two instances could be a result of ignorance at worst a deliberate attempt of a
politically motivated change of the conceptual meanings of normally well
understood concepftShese initial observationast statedo makesure thano

matter at what level wind ourselveseven the concept of nature can be given
differentconceptual meaningsdthatevenhousehold nansdike that ofnature
andsustainability might ndbe what they normally are expected to be.

HABITAT

ECOSYSTEM
AR
BIOSPHE\%E ‘,‘ b )

-

Exhibit 2.1. The wayn a t ueteméntsare classifiedin this book

Our understanding afature consists of part of the world in whichbiotic and
biotic elementsre andive which acts aafundamental angital eementin order

Now
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for such element® surviveand thriveor expire Negatively we will define nature

more specificallyas different froma) areas of urban settlements, b) areas where
human interference has made this an artif
c) areas of private or public industrial and agricultural activiti€¥.coursewe

will find wild -life and florahere London is actually more populated by foxes than
theforestsencircling it. Howeverwe will distinguish these areas from nature

because there is a big difference in our handling of nature and areas where humans
have interferedvith the natural processasd those that are left feuchnatural

processes to develdyy themselvesThis nornatural environmenie will instead

define as a part of the conceptcofture. Gardens, parks, fields, plantations,

harbors fish farmsetc. are all manifestations of humaultureas opposed to

nature Nature does not manifeisself by purposeit justis.

The core of nature consists of lii®tic specieghat is wildlife, bugs, plants, bees

andso on as well as their sounds, traces®pecies occupy laabitatwhere they

unfold theirnatural instincts that isat savannadn forests mountains cubes
beehivestc. A naturalhabitat satisfies the requirements a species is demanding for
existence, breedingnd competing. Collectively such habitiaam thetotal make

up what we will call theecosystemSuch ecosystems can exygithin the

atmosphergthe tydrospherend the lithospherandin short,we will name the

collected ecosystentkse biospherevhere an ecosystefarmally comprises a

dynamic complex of plangnimal and micreprganismcommunities and their nen

living environment interacting as a functional unit

Exhibit2.2 Nature as a hierarchical concept
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The arrowsn Exhibit 2.1mark the interrelatedxchanges ahatter and energgnd
the interactions ofarious kindetween the 4 conceptual elemeditdioni a
species will find its territory i its habitati in different places (savannas, swamps,
mountains etc.) andill usethis habitat for catching preynating andgiving birth

to newlion cups. It will fighti competéd for its habitat in order to secure its own
existence and that of future generationBafs. Speciedike the lionwill also

affect the surroundinbabitat and ecosysteihen the wildebeestrigrate they

will enter thel i ohabitag and the lion will kill some of the wildebeests thereby
affecting not only its habitat but the ecosystem as well.

However, human beings are the only species who are atiamge théiosphere

We 6 ve seen dutemissionohekcedsid amounts of Cexhereby

altering the weather systeandthe workings of many ecosystems in the lithosphere
and the hydrosphess well These interactions are portrayed by the red arrows in
Exhibit 2.1.

So lionsand peoplaffect their habitatetc, but they are also affected by the same
habitat ecosystenandbiosphereDuring increasinglydry periods lions will thirst

and some of them will die due to this., 8banges in thbiospherewill alter the

living conditions of the specie¥he wildebeest may have changed their pattern of
migration and may not enter the habitacosystem changes thaffiectthel i on 6 s
food sourcesvithin their habitat Furthermorgthe habitat might change when ¢.g.
rainfallsalterthe area, when trees are destroyedvitgfires etc. Such interactions

are marked byhe orange arrows in Exhibit2

Likewise, wewill also see interactions takimace among the 4 elements marked
by the 2 two pointed arrows pfnk colorin Exhibit2.1. Elephants for example
might destroy the vegetation in their hab@ad then find a newlacewhere to
feed.Salmon migration migt be affectedh(abita) if a hydroelectric power plant is
beingbuilt (ecosystem People can affect tHeospherdoy emitting excessive
amounts of C@and thereby affect the climateatthenwill drizzle down the 3
other elements.

This way of classifying nature gives us a way to be more spetifibat weé r e
talking about. Ithopefully will giveus a better understanding of the actions and
interactions taking place in various system elements and amongShbeke.
interactions ara mix of causeffectslinkages,and they can span over short

periods of time as well as very long periodi€an cover the smallest cwelled
species as well as human beirgss for sure a coarse dividing of the natural

world, but it anyhow will allow us to ba bitmore specificb wh a tdealng 6 r e
with.
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We will also distinguish between the:rapnmade environmendr managed

environmentthe anthropospherend b) thenatural environmentr unmanaged
environmenbecause nature works in different ways in these two sysWmsuill

maintain that human beings are almost entirely active in thenmaae environment

andnota part of what we understandreture Of coursewe are defined as a

mammal because we breathigh ourlungs,but it is also pertinently clear that man

is now dominating whatdéds happening in bot
environment. We daotfollow the rules of nature but has formed our own rules

specific to us. We anmeot complying with surival of the fittest Developments or

evolution in our own species takes a whole lddifferent pathghan that of nature.

We have found ways to feed ourselves, clothe ourselves, keep warm, migrate,

understand and transform the ecosphere so that ibsuiteeds. The idea of

human beings as a part of nature is a romantic, delusarhtangerous way to

consider our own role. We have been retracted from the natural environment and

we have to painfully accept that human beiagsin a class all of its owkve are

now the managers of the marade as well as the natural environmeBt.dt o u r

decisions that count as to how both the managed and the unmanaged environment

will develop inall of the next centuriestocomet 6 s we t hat obrol d t he
planet in our handsThe swecess or failure- of the human speciés really a oe

off story in our planetary system.

Exhibit2.3 This is what we mean whealking aboutan unmanaged environment
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Basically, the laws of nature are fundamentally different fritw& human worldn

that it is based oa.g, physics biology andchemistry andesearched through

processes designed to understand and measuréswigiead of whabughtto be

(ethicg. We will furthermorenotin essenceistinguish betweelaws of natureand

scientific lawsWe 6 v e d i swumber & lavesdhat pertain to natilirgravity,
division of cells,genes at oms etc. and wedl | dig a bit
sections, especially in section 2.4 Earths spheres

2.2 ENVIRONMENTAL DEGRADATION

There is an old saying that any substance is toxic if exceeding certain thresholds. In
order to measure whatésvironmentally damaginge must howeverdig a bit
deepeland ask whakinds of effectsonstitutes environmentaathag€

Furthermorewe must also be able to establ@hindicatorthat reflects

environmental damage and be ableneasurehis indicator. We must also ask the
guestion of environmental damageatbomor whatand we must ask about thme
frameas well?This involvesguestions that Isdo do with both ethicand scientific
standardsNature itself just adapts to changes.

It is also important to notice that nature dyamamicsystem. It evolves and changes

with time. Nature itself is a scene firamaticchanges that happeab the time-

when volcanoes erupt, plaigstflooded, wildfiresemerge, wildlifedeteriorates

due to predatiogrrain fallswashing out nutrientsunning intorivers and lakeand

so on. These are natural phenomena that sometimes can be prevented but most

often happens without any possibility for humanaltersuch processes

deliberately This must be contrasted tarnan induced changes to nature that we

deliberately or uncatiouslycause to happelivhen micro plastiés found in

organismsn Antarcticathis is not a natural phenomeniomt due to human &eity .
Somepeoplehopef or a technol ogical fix of such pro
but most often itdéds human nature that gets
solutions.This also means that environmental damzegeverythingto do with

culture, human preferences, econondosl societatlevelopments.

Please note that when we here talk about environmental degratiggiorcludes

pollution, deforestationclimate changes, smplpss of biodiversitetc. or in short;

the effects that are unwanted when trying to protect, preserve and cestore

natural ecosystemBollowing Exhibit 2.4 below we will claim that environmental
degradation is dependent on the environmental regulatiahare in place, the

social acceptance of such regulations, the extent to which environmental regulations
are enforced and thebavior exhibited by the corporations and persons submitted

to these environmental regulations. There will furthermore be links between each of
these four elements.
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SOCIAL
ACCEPTANCE

ENVIRONMENTAL ENVIRONMENTAL

REGULATIONS ENFORCEMENT

ENTREPRENEURIAL
BEHAVIOR

Exhibit2.4 Environmental damagiefactorsaffectingit

Environmentalegulations

Environmental laws are necessary means for regulating human behavior. If no
guotas existed for fishing cods in the North 8eastock would have been depleted
decades ago. If no regulations banned the use ofgab€s, they would still be part

of the cooling systems of refrigerators and if no environmental laws existed
concerning dumping chemical waste® the sea this would still be a part of

ongoing indusial operations. Laws prohilstuch acts to take place in pursuance of
the common good. Instruments are mamgarket mechanisms, bans, fines, permits
etc. making certain activities illegal thahibits environmental protectiomhe
adequacy of environmental laws is determined by the level of measures needed to
accomplish the objectives formed in a given society.

Besidesational lawdevels of environmental protecti@meregulatedvia

international lawsconventionand treatieslrawn up by international organizations

such as CITESWWF, UN etc, They are of utmost importance araflectan
internationalwillingness to mitigate environmental degradatiBuach international

instruments are aimed at transboundaryironmental problemsf elephant tusk

werené6ét sold in Chinese markets and i f an
rosewoodvere not transported around the globe national measures would suffice.

This is not thecaseand we therefore neetronginternational instruments to

combat suchlransboundarjssues
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Social acceptance of environmental regulation

ltdéds i mportant that society at | arge suppol
theenvironmentategulatory frameworkSometimes you will find that this is the
cause of conflicting interests between agriculture, industry andsereviderson
theone hand and the public and environmental authorities on the other hand. This
does not necessarily have to be so. Industrial organizations in Dehavark

actually seen environmental regulaB@s a means for improvirgntrepreneurship

and increasing efficiencgnd effectiveness within industrial operations, t8e

conflict might not be as severe as sdem tosuggestThe growing environmental
awareness that the climatésts has spurred during the lat#cadds another issue

that will increase social acceptance of environmental measures taken by the
governmentThough social acceptance might be present it will nevertheless not
deter some people from behaving contrary to environmental objeittives
environmental regulations are not enforced.

Enforcement oénvironmentakegulations

If environmentategulation is noenforcedjt just becomes a piece of paerd

hence something that some will bypd§shis is accepted by society environmental
degradatioris bound to occuilf society demanthat laws arenforced this will
mitigateenvironmentatlegradationWe 6 v e coang&rieswith excellent

environmental objectiveand measures to implement these nevertheless being
exposed to this Aenvironmental fraudo by n
measures. It then just becomes a bureaucraiiterbasket. Sd the environmental
regulatory framework is to have a chance it medbobblowed upby enforcements
measures that astrict and meaningful. Otherwiseuman nature will overrule

such regulations and pursue economic profits and jumping fences to the detriments
of the environment.

Entrepreneurial behavior

In a recent case involving aquacultirghe inner straits of Denmasdn owner of a

facility situated near Hjaoein the fjord of Horseng or rather his wife who is the

formal owner- had an environmental license to discharge 145 tons of nitagkn

16,5 tons of phosphoroirsto the sealuring2013- 2018. Infact, he discharged

more than 500 tons of nitrogen and almost 50 tons of phosphatouke inner

straits In order to lessen the environmerntapact,the owner wasurthermore

requiredt o establish a Amussel farmd (smart far
seawaternccording to the environmental permit obtain€kis did not happen.

Accordingto a reportsubmitted to the environmental authorities he claimed to have
submerged0.030 kg fish into the nets. However, it was documented that he

actually put 418.435 kg fish into thenets.Furthermorehe bred tons of silver

salmonl coho) that he MHaisinowdhargedayfdcpsSyearst s f or .
in prison and a confiscation of 191.574.671 DKK (more than 25,5 million Euros)

considerd to be his economic profity this criminal behavior.
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The example abovdemonstrates that if regulations are just regarded as a means for
occupying peoplén public offices if environmental enforcement is lacking and
nobody caregou will find people who are willing to go &xtremelengths to

circumvent the system in order to creat®nomigprofit for themselvesSo
entrepreneurial behavior becomes an important part of environmental issues and
degrading the environment can become an option they will exploit.

Howeve, the way corporations normally confront the environmental agenda is to
dosobyobbying That 6s why the German car i ndust
forming environmental protection measure&iGermany That is why the

American oil and gas industwyill impact US environmental regulationBhat is

why the Danish agroindustwyill be vital in discussions when drafting

environmental regulations in Denmakillions upon millions ae spend

performing lobbying activities throughout the worldhe unfortunate way of doing

this is when such lobby organizatiahecideto sponsor political leaderSome

politicians will find it hard to reject substantial economic endorsements

unfortunatelyMoney is powerTo say otherwise would be naive.

Measuring evironmental degradationexamples

In order tofor us to secure that measurement of environmental degratkzkem

place we must have standardized and accepted measurement methods. The US EPA
develops such methods that are to be used when analyzing samples e.g.

iMet hod 546: Determination of Tot al Mi cr c
Water and Ambient Water by Adda Enzytrimked Immunosorbent Assd&PA

August 2016. This standed includesconcepts, methods, procedures etc. in order to
investigate theumberof certain microbes contained in drinking water and ambient

waterl t 6s just an example of the accepted w
methods and the idea of having wewitle accepted standards and concepts in the

area of environmental degradatiare crucial to implement credéomeasures.

In order to conclude about sutdsts we must also know about thevelof damage.

Which levels are considered rbarmful,and which are not? This can create a

debate in the scientific community but within the tidre is one principle attached

to such assessmeritshe precautionary principleThis principle is important

because it requires that if there is any risk of contaminétiethreshold level

should be fixed so conservatively tlaady human healttisks are avoided. It goes

without saying that this will most often involve political interference or lobbyism

This standardization is also crucial when we perform life cycle assessments of
products and serviceBhe following Exhibit 2.5 can illustrate some of the main
issues associated with environmental degradafiba causes are to be found in
activities human beings undertak&zusesndicated in ExhibiR.5 are a mixture of
processes and elements that can harm the environment. Wh&Cgig.emitted
into the atmospherhis can cause a reactibarethat later will find its way to
lakes and streams by rainfalsafmage categorig¢sThis can cause a lake to
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become acidikilling all aquatic life €cosystemuality) etc.Some damage
categories will affect one or more objects in the ecosystem, human beings included.
Human health e.gcan be affected by a number of environmedéahage®f

which only the most basic are indicated in Exh2oi

DAMAGE CAUSES DAMAGE - CATEGORIES

HUMAN TOXCICITY

HUMAN INDUCED RESPIRATORY EFFECTS
ACTIVITES IONIZING RADIATION

DEFORESTATION OZONE LAYER DEPLETION

FOSSIL FUELS PHOTOCHEMICAL OXIDIZATION
EXTRACTION
DUMPING ’ AQUATIC ECOTOXICITY
CHEMICALS mmsmm = ECOSYSTEMQUALITY
DESERTIFICATION

CONSUMPTION AQUATIC ACIDIFICATION
WASTES \
TOXE
AEROSOLS TERRESTRIAL ACID/EUTROP. CLIMATE CHANGE
NUTRIENTS

/ AETG

AQUATIC EUTROPHICATION

LAND USE
v GLOBAL WARMING
NON-RENEWABLES

RESSOURCEDEPLETION
RENEWABLES - SCARCITY

Exhibit2.5 Causes, categories amdbjectsi environmental degradation

Measuring environmental degradatmndamagean also be viewed as a problem
concerned with measuring a decline in the beauty of a landscape, a site orlf view.
looking at gpainting,is it then possible to objectively assess the quality of such a
painting? The same question could Heedsfwe were to assess the beautyaof
landscapgsceneryor a naturalvonder.ls it possible to attach any objective
attributes to a landscape? Some will say that moredther market prices or costs

T are true determinants of the qualifiysuch a landscap®©thers would say né
paintings wortli or a natural wonderis only pssible to agss in the eyes of the
beholdersome would argue. Others might not agsété that.

When Henry Hudsoim 1609 looked on Manhattan or Mannahats¢he Indians
called it (Athe island of many hill so)
trees, small lakes, a rich wilde, salt marchestc. Nowadaysnsteadwe see the

squirrels in Central Paikboth are ecosystems but very different frone aother.

The original landscape wasitural (unmanagedhe present immanmade

(managed).

Thi s t el | sihunsan lbeimgs that aré thesmaiwdrivers for
environmental degradatioAnimals, however, can also act as drivers of changes to
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the ecosystehut we dondét describe such change
so environment al degradation is strictl
actions.

S
y

In orderfor us to describe and measure what environmental degragasibout we
have developed sbf concepts, tools and procedures that will let us know about
this. Such methodologid¢gmve been develop&dthin all areas of the ecosystédm
water, soil, biodiversitgtc. in order to measure harmful contents, ngeesons
changes in the landscaaed so on.

We will define environmentalegradatioras occurring when the natural
environment is altered by way of human interaction with the purpose of meeting
social- including economie objectives. Please note that this says nothing about
good or bad, right or wrong but just that an alteration hastplace due to human
interferenceMore formallythe UNhas define@&nvironmental degradation in the
following way: *

"the reduction of the capacity of the environment
to meet social and ecologicabjectives, and needs”

We will look at a couple of examples below in order to show how environmental
degradation s defined and measured to give an i
Degradation involves the perceived quality of a natural site, halbigat

ecosystemspecies reduction or extinctigrolluting waterways, emitting harmful

substances into the air efn, the following will contain examples of how we

measure environmental damagieen we talk about ozone depleti@eidification

eutrophication etc.

I tds cl ear t hat anshropopenichleen areuforneechaccotdisg t@a r e
scientific evidence of levels of harmful influence on human beings. This is done

according tanortalities by exposure, safégsues and other and such

measurements constitutes a change that is unwanted by us. Limiting the amount of
nitrogenand phosphorous bad news for the bactetiariving on thesesubstances

and good news for people who want a clear water lake to batHevirever, the

key issue here ishange Nature doesndt evahmuate chan
beings are the ones that put assessment to chartgereby qualifying it

1"ISDR: Terminology" The International Strategy for Disaster Reduction. 208481


http://www.unisdr.org/eng/library/lib-terminology-eng%20home.htm
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Exhibit2.6 Is it possibleobjectiIytasses$hequality of a painting?
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Environmental degdationi BOD

Looking at thehydrospheren indicator of environmenthkealth would béo
calculate thd8OD (BiologicalbiochemicalOxygen DemarjdTheBOD is defined
as:

IDO - FDO

BOD = VSIVB

with

BOD = Biochemical Oxygen Demand (mg/liter

IDO = Initial D.O. (Dissolvel Oxygen) of diluted sample (mg/liter)
FDO = Fnal D.O. of diluted sample (mg/liter)

VS = Volume of sample (ml)

VB = Volume of bottle (ml)

SAMPLE BOTTLE SAMPLE |INITIAL DO| FINAL DO DIL. 0, DEPL. BOD |FINAL BOD
NAME # VOLUME (mg/l) (mg/l) % (mg/l) (mg/1) (mg/l)
(ml)
10 6.00 8.60 5.20 2.00 340

Influent 170,00 147,17
11 8.00 8.70 4.90 2,67 3,80 142,50
12 10.00 8.80 4,50 333 430 129.00

Exhibit2.7 Calculating BOD
Source:HAC WIMS, http://www.opssys.com

The BODis a measure of the loadmfi ¢ r 0 o r graathér srgasi©mattém

wastewater, rivers, lakes etc. and measures this load by looking at have much such

organic mattewill use of the oxygeontained n a water sampl e whe]
the microorganisms to incubate during-day period.After that most of the

organic matter will have been degradéch at 6 s why it oés a@ften r ef
The sample is then analyzed before and after the inculpstitodby 20 Celsius

in order to determinBOD. The higher the BOEhe more it demands of oxygen to

perform the bacterial process8gveral waygxistfor tesing for BOD of which

we will refrain from going any deeper.

Besides the BOBeveral othetestsare usedo determine water quality; suspended
particles,acidity, algae, toxins etc.
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Toxicity

Toxicity refers to a dose ofsaubstance that will affect an organism or an ecosystem
in a harmful way. Toxicity is normally divided inthhemical substancesg. heavy
metals, radioactive materials etc. that can cause genetic problems, birth defects etc.,
pathogensrfiicroorganism and parasites) that can cause toxic reactions by inflicting
various diseasdike destroying cells metabolisrauffocate fish life etcand

physical toxicantg.g.coal dustexhausparticlesthat can caustr example

respiratory problems and canc®ne measureften useds that of LDso (LD =

Lethal Dose)LDsg can be inflicted by e.gswallowing (nhalation LD), by

injections @lermal LD or bypenetratingairways 6ral LD). In an LDso experiment
youwill test the toxicontentsdy observing when 50% ofsaa m p $peciéshave

died after having been exposed to the taxie time The lower the amount the
deadlier it isOther uses of this principle can also be foargl the EGo that can
measure the potency of a drug withsgReing the point on the curve where a

effect will be experienced ake for instance alcohadrhis will normally be

measured i/oo.If the alcoholcontent in your blood is above 4 o/oo things look
pretty grim.

- 0,27 0,5 o/oo: You feel slightly aroused

- 0,57 0,7 o/oo: Dampensanxiety. You become more uncritically and risk taking
- 0,871 1,4 o/oo: Loss of inhibitions, tiredness and dullness.

- 1,57 2,9 o/oo: Big problems controlling balance and movement

- 3.07 3,9 o/oo: Approachingnconsciousness, coma

-4,00 o/oo : Deadly dogesk of dying = 50%)

Sometimes you will also employ testingaafmulativetoxic effects. Here you will
inflict animals with smaller doses several times and observe when 50% of the
animals haveied. The measure can be determined ag{lMso with n = the total
amount of doses given before 50% of the animals have\Wieeintesting toxicity
on humanshe LDso this is of course not a feasitdelution Insteadgplacebo tests
areoftenundertaken. Here you administer the drugs to be tested so thaif 30%
human sample populatiagyets the drug while the other 50% gets a harmless
substance usually lime tablets. You can therifdbere areany significant
differences in responding to the drug in queshietween the twgroups.

Contamination

Closely related to toxicitis that ofcontaminatiorof resources. This may take
place in theatmospherdradiation gases, particles etc.), tlithosphere
(agrochemicals, GM®s , v i r u s lydrosgheréheayy metals, nuttients,
oil productsetc.).One important issue concerning contaminatiotiat of exposure
to radioactive materialfadiation is measured by Becquerebr Bg. It measures
the activity of quantity of a radioactive materiatdging by 1 nucleus per second
or:
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Bg=S?
with:

S = number ofdisintegrations per second

Whencalculating the amount of radioactivity meeeiin Bgthe following formula
is applicable(see Wikimedia for this example)

In 2
Apg=nXNa = =

with:

Agq = radioactivity measured in Bq

Na = 6,022 x 18 mol* (Avogadro constant)
n = number of moles

t12 = half-life of a resource in S

In 2= the natural logarithm of 2 (= 0,693)

Sq if e.g, 1 gram of potassiumontains 0,000117 gram of a radioactive isotope
with an atomic mass of 39,964 g/nasida t20f 4,030 x 16s then you can
calculate radioactivity by?

0,693

30 Bg=0,00011% 39,964x 6,022 x 18°x T 4,030 x 165

When measuring the coentation of apotentially harmful substance several ways
are used to classifypollutants harmful concemttion level:

No effect concentratiofNEC),

No doserveceffect oncentration(NOEC),
No-observeeadverseeffect leve(NOAEL)
Lowestobserveeadverseeffect leve(LOAEL)
Acceptable operatong@osure LevelAOEL)
ECx (in percent)

> I> > > T >

2 See Wikimedidor this
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Radioactivity can also be measuredehy, rad (radiationabsorbeddose) and the
standard for this is measured in Gray (Gy) with 1 Gy = 100 rad. It can also be
measured in Sieverts millisieverts(mSv) that is a measure of health risks
associated with radiation. On average a person is exposéddtori//year or
approx. 0,002 0,0045 mSv/hour. If radiation goes beyond 1 mSy it is considered
dangerousA measure callectem (roentgerequivalentman) are also employed
instead of Sieverts with rem = rad x Q where Q is a measure of the radioactive
potency of a substance.

Loss of biodiversity

When measuring biodiversithis ofteninvolve collectingsamples from which you

then infer about total biodiversity. If being in a forest and looking at insects that

live at the bottom of the forest you could ergark a spot of @0 x 100 metes

(10000?) and count théypes and number drfisects. If looking at the birds in a
specific area you could count the birds flying over, feeding or nesting in that area. If
looking at a marinenvironmentyou might count the fishes caught in a specific

area. One of the problemstlgat animals often are migratory so a precondition for
such measurements is that you understand the lifedytdeactionsand habitatef

such animals.

A loss of a species in a specific habiatild be permanent or temporary, Bo

order to establish that a loss in biodiversiais in fact taken place you must be able
to haveatime frane often involving several yeadecade®r even centurie¥ ou

can then maka list of thespecies and estimate the numbkendangered,
threatened, vulnerabletc. by defining these groupsostoften by their numbers
now and beforeThis i what the s@alled CITESist do. The loss can also be
calculated as the mass measured in kg, tons,toegaetc. e.gif estimating the

loss of insects during a specific peri@knetic variability can also constitute a loss
of biodiversity As an exampledue to rising temperatures the numbefeofales
versus male sea turtles has risen since geésdependent on temperatures when
eggs ardeing hatched. This constitutes a serious threat to the survival of that
species.

A biddiversityi nt a ct n édasaso beandseggedtdtiworks like this.flt

draws on expert knowledge about how human activities increase or decrease the
total populations of groups of ecologically similar spedesuch as inseetating

birds or large herbivorous mammals. Using a simple equation, the index gives a
measure of how close populations of each of these ‘functional groups' are to those
in pre-industrial times. The researchers tested their index by looking at seven
countries in southern Africarhey asked experts on plants, mammals, birds, reptiles
and amphibians about how different degrees of human impact, including
agriculture and urbanization, affected groups of similar species in six types of
habitats The researchers used existing data sources to assess how much of the
study aea each of these habitats occupies and the patterns of land use in each.
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Overall, their index suggests that by 2000, populations of the plants and animals
assessed had declined, on average, to 84 per centof theirprd u st r ial | evel

in farmers’ fields | _Of = There dve aboyt
g 2 “Of extant;
3
livestock repofted
globall y, afe
classified ag

CAlll 2
and threats
are ificreasing.

are estimated to be
s ] ,60%
to be maximalty
sustainably fished and
7% to be underfished. Bee-colony losses
are on the rise;
of vertebrate

are threatened with
globat

The TUCN Red List of e

Threatened Species
contains 2 imated
over 9 600 S
wild food speries e
O and 2005. These
of which ZU% :
vital ecosystems
are considered ince 1900. :
remain
th reatened

by an

is
in all regions
of the world.

Rangelands cover
i : atleast 34% of
The global area continues to |- global land 2 rea.
covered by . ; : They are among the
mated to have although the rate 4 ecosystems most
a ed by of loss decreased affected by land
in the last 100 year: by 50% in secent degradation.
~decades.

Exhibit2.8 Biodiversity threats
Source: FAO

3 Seehttps://www.scidev.net/global/biodiversihews/measuringpssof-biodiversity
the-expertway.htmlor Nature434, 45 (2004)
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Degrading the climate climate change

Often climate change considered synonymous with the atmospheric contents of
CO». However in order to recognize the different potencies of various substances
for causing global warminge will have to turn these into a common denominator.
We call thisCO; equivalentor CO;... We use CQ@being the reference value by
which we arrange other harmful global warming potestairces in order to be

able to get a better picture of weahappening in the atmosphéi¢e list such
substances btheir Global Warming Potential (GWPMethane as an example has
a GWP of 34 meaning that if 1 tons of methanemittedinto the atmosphere this
corresponds to emitting 34 tons of £0O

Radiative forcing

Another way ofdeterminingglobal warming mechanisnis done by looking at the
radiative forcing Radiative forcings the difference between insolation (sunlight)
absorbed by the Earth atite energyradiated backnto spaceThe five most
widespread greenhouse gages,, CHs, NoO, CFG12, CFG11) account for
approx. 96% of this radiative forcind?CC defines radiative forcing as:

€ a measure of t hinalteringthelaance ef incomihgaacdt o r
outgoing energyn the Earthatmospheresystem and is an index of the importance

of the factor as a potential climate changechanism. In this report radiative

forcing valuesare for changes relative to preindustrial conditions defined at 1750
and are expressed in Watts per square meter f¥/m

When heat (radiation i s t r a p p atthospharand less heatasradiated s
back into space temperatures will rise and global warming occurs. The reason why
heat is trapped is due to more heat being absorbed by the eatly ¢hg.melting

of glaziers since these radiate more light back into spaeza(leolAlbedofactor)

and because the composition of the atmosphere where greenhousegases
increased makes it more difficult for heat to be reflected back into space.
Greenhouse gas molecul#sply trap the heat that otherwise would be reflected.
Other molecules in the air like nitrogand oxygerdo not have that heat trapping
mechanism attachedn that waysuch greenhouse gadaaction like the glasses of

a greenhouse.

In Exhibit 2.9 below is an indication of the proportions attributed to the mechanism
described above. Due to the chemical composition of the atmo}9%ref

incoming solar light will be iéected back into space when hitting the atmosphere
while 23% will be absorbed. The majority of incoming solar light will be absorbed
by t he e airnobtntiss, teeesypfartscete. The amount absorbed is
critically dependent on the attributes o thurface. Ice, snow and glaziers will be
much better to reflect sunlight than oceans lakes and rivers.
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incoming solar radiation (340 W/m?)

absorbed in the atmoSPHETEREPE /4

Exhibit 2.9 Incoming solar rad'iia'tion
Source: NASA

For pure CQthe radiative forcings determined hy

RF = Up)ln(C/C
with

RF = radiative forcing

In = naturallogarithm

U = 5,35 (constant)

Co = preindustrial concentratidry 17300f CO; in parts per million (= 280 ppm)
C = present concentration of (@ the atmosphenmeasured in ppm

In order to show an example of radiative forcihg IPCC has provided for this
IPCCH st refort total anthropogenkRF is documented by the following table
shown in Exhibi2.10Q It shows the emissions of various gases (mitied
greenhouse gasasdshortlived gases and aerosols) into the atmosphedkethe
resulting drivers of radiative forcing@hese drivers of climate changan result in

the earth getting warmer (positive indication) or the earth getting cooler (negative
indication). As can be seen from the last part of this Exhibit 1950, 1980 and 2011
have seen the earth warming up relative to its base yearTl/&fe measements

are qualified by medium (1950) to high (1980, 2011) levels of confidence.
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Emitted Restiling simoephenc Radiative forcing by emissions and drivers Levelof
compound drivers confidence
{ T T T I T l
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Radiative forcing relative to 1750 (W m2)

Exhibit2.10 Radiative forcing relative to 1750 measured in W/m
Source: IPCChy Femke Nijssen and Eric Fisk

Ozone depletion

Discussions aboutepleting the ozone lay#rat protect the earth from harmful
radiationfrom space were particularly intense a decade ago. Scientists had
discovered large areas of the ozone layer that was more or less split wide open
allowing more radiation to occur. This gave rise to concerns. Now the issue seems
to have stabilizedomewhatThe use of CF@nd HCFCgases were thought to

have caused the probleiihe basic unit focharacterizinghzone depletiois the
so-calledDobsonUnit (DU). A Dobson Unit of 1 corresponds to 2,69 X%drone
moleculeger square metefhe unit for calculating theffectsof substances

affecting the ozone layer is measure®iDP or Ozone Depleting Potentialith

ODP defined as:

Calculatedglobal C8 depletionby gas(i)
Calculatedglobal 8 depletionby CFC11

ODP=
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Taking CFCG11 as a base it has an OBPL. Halon 1211, however, has an ODP of
7,9 and Halon 1301 one of 15,9 making them more damaging to thelagene
than CFG11. This way of indexingve can make up for e,dhe differences ithe
time by which thesubstances will raain in the atmospher€FG11 takes 45 years
to disappear while e gCFG13 will stay in the atmosphere for 1.020 years, 5o
the chemical components etc. were the same-C3®ould be almost 23 times as
bad as the CFQ1.

Area Covered by
Column

All the Ozone over a certain area is
compressed to°@nd 1 atm pressure.

The slab seen above is e3ymm thick
corresponding to 300 Dobson Units
(bu)

Exhibit2.11 Dobson Unit(DU)

In its most basiform, the chain reaction going on when e.g. Hfg3es or other are
reaching the stratosphere are shanvBxhibit 2.12below. Incoming ultraviolet

light will impact the HCFmolecule,and a chlorine atom will be separated. This
chlorine in turn will affect the atmospheric content of ozone by splittiagozone
molecule into two componeritsoxygenand chloridemonoxide. Free atomic
oxygenwill then separate the chloride monoxide molecule into oxygen and chloride
and the process can stalitover again with chloride splitting new ozone molesule
and thinning the layer of ozone.

Protection of thinning the ozotayeris of importance if we want to avoid harmful
effects on plants and human beings. If the ozone layer is too thin it will not protect
biotic life against the incoming solar light and it can cause cancer and altered
genetic composition of crops and othempda
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ULTRAVIOLET ‘

LIGHT

CFC MOLECULE

Exhibit2.12The@ one depl eting processé

Noise

Sound is measured erz (H2 where 1 Hz marks thieequencyof a cycle per

second see Exhibi®.15 below whiledecibelis a measurement of the strength of
the frequencies that we chrar. But when does sound become a ndigéell from

a purely physical viewpoint sound and noi s
picksup sound that it might turn into noisen unpleasant, loud or disruptive
frequency that make our brain react in a negative \Baythe way forward in

defining noise is given by the number of decibels. Noise can be a big problem e.g.
with windmills sirce the turning of the wings will cause a noticeable sound to be
heard. It can pose problems when working in a noisy environmepineag. airport

or being exposed to traffic noise etc. That is why authorities will issue guidelines
and ensure that sounglkls are within certain limits before issuing environmental
permits to a corporatiomn order to determine sound levels these will be measured
at several time interval@ften there will be differences in the noise level permitted
when speaking of thertie period involved. Is it noise experienced in daytima

night? What is the distance between the sound source and those exposed to the
noise? Are noise levels constant or changed during thelsl&yt@mporary or



On the Brinki testkapitel2

permanentAs an examplesound leelsi thresholds listed below are currently in
effect in Denmark

Area | Noise levels (Db)
Industrial areas 70 Db
Public places 40-35 Db
Windmills 447 39 Db
Airports 5571 60 Db

Exhibit2.13 Noise levels permitteid Denmark




On the Brinki testkapitel2

Cycle

I

\/

it

1 Henz =

Hertz

1 Cycle Per Second Above and Below

the Atomspheric Pressure Line

Decibel Levels
Typical Sound Levels

Gunshot
fired next to an
unprotected ear

Airbag deployment
on close-proximity

Waterfall

Pneumatic drill
10 meter away

Motorcycle

Normal conversational
speech,
Quacking frogs

Low street traffic

behind double
glazed windows

Ticking of a clock,
Rustling leaves

Fall of a feather

170

N 9

Ear smack,
New Year fireworks
close to the ear

Jet engine
Circular saw,
Night club

Train passing by,

Thunderstorm,
lawn mower

Normal street traffic

Light rain,
Fridge - 1 meter away

Whisper,
Breath sounds

Computer fan,
Mosquito

Exhibit 215 Hertz and @cibel

HERTZ

Herz is a very useful concept
when making music, when
measuring noiskevels, when a
warning signal is to be issued et
Sound is also vital for animals tc
communicate by varying the
loudness of their voices and
screams and by communicating
about prey in our oceans like ou
whales do.

DECIBEL (dB)

T h e ndecrire &ttually

wereconceptualized in honor of
the inventor of the telephone
Alexander Graham BelDeci
stands for 10 anbelfor the
surname Bell decibel. It was
accepted as a standard in 1928

I t 6 s a dicatidn efthe v
level of soundf 50 db being
higher than that of 40 db.
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Degrading resourcesresource depletion

The earth is principally and practically a place with limited resources. We define
someof these limited resourcesnonrenewablgoil, gas, minerals etcgnd some
asrenewablgforests crops, water etc.However, the amount dfothresources

can be hard to determine. New deposits are found, vast areas of land are thawing
due to climate changbat will open up new areas for exploitation, new technology
makes previously inaccessible resources vjagientific research makes it

possible to substitute materi@t. Furthermore, this distinction will often have a
local orientation so though crops in principle are renewable desertificaton

mean that it in principlas well as for all practical purposes are glocally.

No matter what ,6 taédnmostalfmites Boe of thesescanbe c e s  ar €
exploitedi re-harvested within short time frames and others wiltimately run

dry within 100, 200 or 300 hundred ye&i@m now. Environmental damage in

most casg concerning resource depletionist be considered amergenerational

proolem What we do now wil|l affect our chil
for creating their own futurd.he nonrenewablaesources we extract today will

not be available to them in the futufiénis requiresus to take dong-term

perspectivef the decisions we make todaypically, this long-term perspective is

measured in decades mostly two or three. However, this time frame must be

regarded as a very narrow reference to the time span necessary to consider. So

insteadwe must regard 100500 years atheshort term, 500 1.000 year as

medium term and above as thag-termperspectiveThis idea is not unknown to

people working in forestry.

Obviously handling thisime frame cannot be backed by data. It therefore becomes
much more essential to operate with visions andesgith order to forndirectiors

that pertain to thigind of time framelf doing that it becomes clear that the only
solution for creating the amount of future enesgppliesneededwill be that of
renewable sourceExisting and potential nerenewablesources wi be depleted

long before that and even a time frame of 1.000 years will just be a blink of the eye
in human history.

One keyindicator of resoure depletion would be to have twerlds known

reserves of a specific resource actingresdenominator and actual consumption of

it as the numerator multiplied by hundred to get a percentagerding to the U.S

EIA (US Erergy Information Administratiorthew o r loitlréserves amounted to

1.779.6% million barrels by the beginning of 2017. OPEC valued the oil reserves at
1.535.773 million barrels by the end of 20lkv2016 the worlds annual production

of oil amounted to 29.427 million barrels per year corresponding to 1,&#0owoih

oil reserves. Venezudlas o i | reserves could possibly |
known reserves and productionahde UKd&s o | reserves are a
within the next 10 years.
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Despite new methods of extracting, new deposits found, changes in produretsfea
et c. we obwithea resduicd with d fieité Itfe that will run dry in aboutB00
years from nowSq a measure ad norrrenewablegesourcavould be to consider:

Yearly avg. consumptior

1) x 100= consumption in %
Known reserves
and
Known reserv .
2) 9 ESeves = years before exhaustion

Yearly avg. consumptior

The first equation will give you the yearly consumption of a-resrewable
resource in percefistatic)while the other equation measures years left to use this
resource.

One key problem of resource depletiothiat of human induced depletion or
Apl anned khtmight leage had m potential for creating jobs during the
great depression in tH®30sbut it has increasingly revealed serious drawbacks
when tdking about environmental issues.

As an examplesomeprintershavecontaireda preprogrammed failure date if

using 3 party ink cartridges. This is the mild version of rese depletion. It

originates due tthe factthat a compangoes not make money on its printers but of
its ink cartridges. The durability issueaiso apart of this planned obsolescence.
When e.g.the Japanese entered the American market with more durable cars the
American motor industry had to respond. Instead of furthering the idea of changing
your car with short intervals they were forced to adapteaaltirability issueThis
goes on to the idea of Afashiond where | it
clothes, shoes, watches, hay®u name it goes into the drain to accommodate
trends within the fashion industand its subscriberdue to culturhtraits. If you

consider that is takes 10 times the water consumption to make a kdhak T

instead of a white -Bhirt you will have an indication of the problem.

Thereasonghese issues emerge are all due to the factkasties between profits
and the environment becomes insolvablge fashion industrdictates
environmental depletion on a big sc&eoduct developmemnddesignare at the
center of attention when dealing with planned obsolesc@hesustainable

c u st oresponsk o this hémeento go 2¢hand shopping instead of buying new
stuff. This trend is still on the risend will be more so in the future
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2.3 THEEARTH

The Earth is a unique plaretfar as we knowl t parsof our galaxy called T h e

Mi | k y .BWlWanyg af othergalaxies are out there with billions of stars included

in these galaxieS.he Milky Waywasformed around 4,5 billion years ago after the

iBi g Bcurriggsome9,2 billion yearsvefore Justafteri actually just 16?2

after tihheuniversestgtedtoexpamchd it 6s expanding ev
Eventuallybig skies of gas and matter begamatect,and our solar system

emerged being comprised of 4 solid planets (Mercury, Venus, Earth and Mars) and

4 gas planets (Jupiter, Saturn, Uranus and Neptitie g belt of asteroids between

the two systemall circling around the sun being hold together kgvgational

forces.Saq the age of our universe is about 13,7 billion yeddsBefore the

Abango, it is s jugoresistédeficnetgyordgainingndineattewo r | d
Matter then emerged in the core of stars after the bang had oc@itroee timei

approx.5 billion years from now the sun will run out of fuel and end up as red

giant but long beforéhat conditions of life will have been eroded duestaessive

heatand possibly due to merging with another galatye AndromedaHowever,

long before that all traces of the univem®bablywill be gone due to power of

expansion the stars of the night sky willisappearWe 6 r e just here for

A lot of speculations have been fostered about both the begjmaimgposurand

end of thingd black holes, multiverses, dark matter ete but we will leave at that
and just point to two opposite positions.
why bother about Mot her Hoanwehaétomked nl f
care of it aYouwilbprogabhafind outthawle substribe tamthe

latter.

t
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Thereare,however, some initial points we would like to make that relkatéise
formation of the Earth that impacts the natural environment.

1) The core of the earik comprised okolidiron. This fact was first suggested in
an article from 1936 by Danish seismologist Inge Lehmann agphetic fields
areplacedinto space wheri will form magnetic fields around the earth.

2) Al matter originally stemsronfrom the HfAbi
copper diamonds, gold, salt etc.

3) The Earth only holds finite resourca is itself a finite system

The Earths systent@an be seen as a wbkhlancedotal system, a chaotic systesn

a blackbox system. No matter how you loagonit you will most often be stunned

when thinking about the complex systems that comprise itrendriety it

exhibits Such systems interact and dependencies are a huge part of how such

systems workSolet us try to look at the majelementd hat compri se the e:
spheresnd some of the building blocltkat maket work.

| MPORTANT BUILDING BLOCKS OF THE EARTHOG6S S|

There are some fundamentals processes and elements that constitute whigt nature
1 its biotic andabiotic elements split into a mamade environment aranatural
environmentBiotic life constituteshuman beingsanimals and planthat are being
comprised of living or dead cetiaterial Abiotic matter consists of neliving

matter e.g.chemicalsrocks, mineralsetc. that forms part of the environment and
relates to the biotic elements in complex pattdink.i f aconrsidered to have

begun approx.3,8billion years ago when the first ogelled organisms bacteria

also known agprokaryote anaerobimicroorganisms emergedn a watery
environment when it is estimated that the atmosphadeo, or only small

amounts of oxygepresenpossibly around soalled undergroundents

(from socalledstromatolitey. Our earliest fossil evidence date k&g that time,

but #Alifed might have been around before t|

Biotic and abioticelementawill work throughout the system of the atmosphé¢ine
lithosphereand the hydrospher&hey are interconnected and form a complex
system of interchanges energyand matterSome basic elements that pertain to all
spheres like weight, temperature, humidity etc. will not be treated here specifically
but rather be directly integrated into the issues represeStetet us have a look at
some of the most basic elements of thasikling blocks that span &l (4) spheres
keeping in mind that they can be mutually interdependent, give rise to various
exchanges and relationships and in general are fundamental to life ofcehitit.
2.17displays some of these important buildingdis ofthe sphers. These issues

will pertain to all elements of thearthssphersi theatmosphergthe hydrosphere
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the lithospherandthebiosphereandthey will work in association with biotic as
well as abiotielementsWe find moleculeén the air, in the soil and in our water.

Thermodynamicsnd biogeochemical cyclegll be atplay in allspheress well.
A fish will eat insects and be caught by a fishing edgledchain- biosphere)Sa,
in essence they form first level elemeh@r building blocks in adisplay,change
and exchange of environmental cause and effSottetus havdook at the most
basic elementsf theEarthssphersi please refer to Exhibit 2.1xelow.

THERMODYNAMICS
THE

HYDROSPHERE L »

BIOGEOCHEMICAL
CYCLES

*”

FOODCHAIN

BIODIVERSITY

Exhibit2.17 Important building blocks dheEarths spheres

BASIC BUILDING BLOCKST ATOMS, MOLECULES AND MOLES

All matter on earth is built up bymall pieces atoms. The word atom in Greek
meansndivisible It consists of @ore or nucleusandshellsof negatively charged
electronsThe core consists of two elements: positively chapggetbnsand neutral
neutrons If the number of electrons and protons are equal the atom is said to be
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neutral.If anatomconsistsof fewer or more electrons than protons it is called a
ion. Moleculesare comprised of different atoms.

KEYPOINTST THE ATOM
A Whendescribing the atorK two moreset of

information will be available:

A'is the number of nucleonseingthe atoms
number of protonand neutronand

2 Z indicatingthe number of protoris the
nucleus.

Exhibit2.18 The @nventional way of describing the atom

It is furthermordrue that:

A (nucleons)k Z (protong + N (neutrony

where N is the number of neutranshe nucleus

Inside the atom core of protonand neutronan even smaller element is thought to
existi that ofgluonsand inside these gluons strings of enasggt thei currently
thoughti bottom of it all calledsuper strings.

Atoms have a lot of different characteristics one of these being theiy &biditt as
magnetslt is the electrons circling the atom core that influences how magnetic a
substance is.

Atoms also have weightcalled amatomic weightRelative atomic weight is

measured amolar massand constitutes the relative atomic masses of all isotopes

of a chemical element weighted by their respective abundance on Earth. If looking
atcopperwe have an isotog8Cut hat counts for 69% of the e
resourcegrelative atomic weight i62,929) and another isotofR€u thataccounts

for the remaining 31% (celativdatomicwemghtishds coppe
64,927) The dimensionless standard atomic weaftcopper then is equal to:

0,69 x 62,929 + 0,31 x 64,927 = 63,55
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An atomic masss the mass of a unified atom. It corresponds to 1/12 of a single
carbonl2atomand an atoms atomic massalmost entirely due to its protoasd
neutrondgn the nucleus.

Molecules

A molecule is a very small particle structure that consists of two or more atoms
with various chemical bondgtachedetween themThey vary in size and
propertiesOur DNA is an example of eomplexmolecule basically consisting of
four moleculeswith specificchemical bond$ adenine, guanine, thymirmad
cytosine Water is aother exampleonsisting of anoleculehavingtwo hydrogen
atons andoneoxygenatomattachedWhen only one atom existdike atmospheric
oxygen O- we call itatomic oxygeto stress its deviation from a moleclile that
of oxygen(O,).

Moles

In explainingwhat atoms and moleculese we would also introduce whatraole
T abbreviatednoli actually is.Ilt was first suggested in 1811 by an Italian scientist
called Amedeo Avogadrand he defined mol as a unity that measures:

fiThe amount of substance of a system that contains
as many elementary entities (atoehsctrons, protons
moleculestc) as there are atoms in 12 g of carbba
having 6 protonsind 6 neutrons

This led to defining a mahore precisely as:

6,022 x10% expresse@s6,022 x 18° mol! andabbreviatedNa

expressing the number of molecuiles substance also known/Asogadros

number. If we look atthe massofonemmlf a substance it equal
mol ecul ar wei ght. I f wat e(at@mcmasslnigst ul ar we
the corresponding mass of one mol of water would be 18,015 grams or

1 amu=1 gram.

This means that if we put 6,022 x?10arbon12 atoms on a scale
(equals602.000.000.000.000.000.000.000 carbtoms) we would find that they
weighed exactly 12 grams. By eliminating carddrand 12 grams we il find
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that 1 amwequals 602.000.000.000.000.000.000.000 carbon atoms. This way we
have found a common denominator or conversion factor from which to depart. So
if we want to find the mobf water (HO) mentioned above we get:

Hz=2x 1,008 g/mo(= 2,016 g/mol) +
O =1 x 15,999 g/moY

2 Hz=2x2,016 g/mo(= 4,032 g/mol)
2 0 =2x 15,999 g/mof= 31,998 g/mol)Y

2 HO = 36,03 g/molY

1 H,O = 18,015 g/mol

The molis a crucial measure in chemistry becatisgakes itmore feasible to

rel ate subst ances hamdnyhemarenisubptanceel atdh e m or
s u b st a Byckeowi@gzhe mass of substance 1 and 2 and their atomic weights

we are able to find out how many atoms there are of each substance. These atomic
weights can be found in the periodic table.

BASIC BUILDING BLOCKS'1T GENETICS

When Gregor Mendél an Austrian friar found out about the hereditary laws by
experimenting with more than 28.000 pea plants in thel®@0" Century e.g.

either wrinkled or round peas he assumed a position as one of the giants of science.
He publshed his findings and presented them to the Natural History Society in

Brno in February and March 1865. However, it was athe beginning of the

1900" century his ideas actually begancatch hold of the scientific community

some 20 years after his death.

Mendel found out that you will findominantgenesandrecessiveyenes in the

hereditary structure. This fact will create patterns that will be determinants of how
plants will look like down the line of hereditythe attributes or characteristics of

the genes. These hereditary genes stem from the genes (chromosomes) of a female
and a male each having alternate forms callkdes(e.g, a brown eyed and a
blue-eyedgene) with one allelbeing dominant (e.gbrown eyes) and the other

allele being recessive. Alleles are inheritezhe gene from the female (e lgrown

eyes gene) and one from the male (dlgie eyes gene). When the pea seed plant

and pollermeeteach bring one allele with them and whertilizing happens these
alleles are united in pairs into-salledgametes.

A genotypas the term used for the complete set of inherited gerhéds a
phenotypexpresses the forms or attributes actually expressed in an offspring e.g.,
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hair color, height, eye color etc. The n@enewas articulated by the Danish
biologist Wilhelm Johannsen 1909.

Mende | dissoveries formed the basics of what we nowgstieticaand he
formed 3 laws:

Mendel 6s 1. | aw sdydtlaaheaah attribsite of aneoganism o n )
(color, physics, eyes etc,) contains two alleles for each attribute. Dertitigation
these will separate into gametes that only contain one faltieteeach parent.

Mendel 6s 2. Law (The | statestbatallaleafdre pendent
attributes of an organism are passed on inuiégmtly from parents to their

offspring. Sothe alleles for e.geye color has no relationships to that of other

attributes like skin color, fur, head shape etc.

Mendels 3. Law (The law of dominans&tes that recessive gemab always be
Afoverruledo by dominant genes.

The master plan for all limg organisms is itBNA (DeoxyribdNucleicAcid). The

DNA takes care of hair, color, looks, gendeeth and everything else in
constructing and upholding living organisms. DNA was discovered by Friedrich
Miescheli a Swisgesearcher in 1869 and later refined by Maurice Wilkiaad
finally identified by James Wats@nd Francis Crickvho both got a Nobel Priza
1962 for their groundbreaking research with the double helix structure of the DNA
moleculei together with Maurice Wilkins.

The genomés built by strings of 4 basésadenine, guanine, thymine and cytosine.
The order of these is whdétermines the genetic outcome. These bases are

c

arranged in pairs marked by the two color

Exhibit 2.20below. However, while genetics is a mechanism that normally is

thought to adapt life to present conditions it has bken suggested that the

genome hasasortofmu i 't fAimemoryo that so to say
be awoken if things change.

When temperatures e.ghanged by@®°dur i ng t he | ast iice age

that species went extinttthey airvived- but how they genetically did that is still a

a

hot topic within scientific echlledcl es. Thi s

evolutionary procesd he time span was simply too short to accommodate such
processes befe temperatures changed.
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Exhibit2.19The hereditary structure of cats by

In 2003 the human genomeasdeterminedand research has furthermore shown

that the typical difference between two hunbae i menentes typically is approx.

0,1% no matter what race, phenotype etc. you belong to and 9ébslofi mpanz e e 6 s
genomecorresponds with the human genome as thieligh being a relatively

distant cousin of homo sapieff$ie bonobo monkey is another one of our distant

cousins. Due to evolution we at one time separated from these and through other
evolutionary processes end what we are toddythe most cruel and wonderful

species on earth. Bbasicallywe 6 r e al | p fromtaggnetanuc h al i ke
standpoint.
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Exhibit2.20 The double helix striigre of DNA

BASIC BUILDING BLOCKSi MATTER (THE PERIODIC TABLE)

All the elements of th&arthss p h e r e 6 s orshemisalhavebeen sollected
in thePeriodic Table It shows the name, the atomic number (how many pratons
an atom), its electrooonfiguration (its distribution of electrons in an atom), its
form (liquid, solid or gaseous) and other characteristics arrangedénperiods
(the rows in the periodic table) and eighteen columns cgtlmeps Colors are used
to differentiate the chracteristics of the elements.

Many of these elements can form bonds, sigfur (S) can mix with oxyge(D-)
and the becomes sulfur dioxide (SPetc.

Chemicals in disproportionate amounts are an important part ehtii®nmental

problemswe experience be it in the atmosph@ey, S, C, Cl etc.), in the

hydrospherée.g, Cu, N, Zn etc.) and in the lithosphéeeg, R, Pb, K etc.)We

will not go into any deeper description
providing an overview of thehemicalelements that are inherent parts of the

e a r bakidsghersi the atmosphere, the lithosphere and the hydrosphere
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BASIC BUILDING BLOCKST THE FOURFORCES OF NATURE

According to physics four forces are in play when we describe what goes on around
usin the material worldThese argravity, strong andveak nuclear forceand
electromagnetismTwo of these we experience every daypat of gravity andhat

of electromagnetisngo let us have a brief look at each of thiese forces

Gravity

Nor mal |l 'y we dgranitgiti ttéhsi n ku sa b o uplate,itewil | f y ou
ultimately fall to the ground, burh space we will discover that dropping a plate

does not necessarily have the same consequerocasentionayravity isnot the

same So, what is gravity?

Originally it waslsaac Newtonwho describedhetheory of gravityBeginnings

were made when Danigtstronomefycho Braheobserved how planets mowe

space. Up until that point it was thought that the earth was the epicenter of things
Tycho Brahe observed thifiis was wrong. LaterJohannes Keplexxpanded on
Braheb6és t hought ermedrhe ideasdhartib. &gng Bese idedse |
Newton was abléo derive the law of gravity Afterwardshis theory was modified

by Albert Einsteirvhen he came up with hiamoustheories ofgeneral and

specal relativity. Ei n st e i nB=smdcfs@robablylome of theestknown
equations in the world. E stands @arergy andmis the mass of an object whi#é

is the squared root of the speed of lighi. n s tideais aréfar all everyday

practical purposes equivalent to that of classic physics as defined by Isaac Newton,
however, when we move to the subatomic level things change. Here you will find
the genuinely strange idea of tilwgn paradoxe.g, that an olgct at the subatomic

level can be at two places at the same time. Things also change when we look at the
concept of time. Einstein defined the concempcetimewhere time is actually
curved

Gravity is a force thagxists due to mass and tiedationships with other objects.

Planets circle each other due to gravitational. ptdu are standing on the earth due

to the earthés gravitational pul | and bec
your own mass it wilpull you to the ground and not vice vershe gravitational

pull from the moortircling the earth issovery visiblei we know it fromthe

flows oftidal waterandgravity is feltwhen we take a tour in a carrousel.

Gravity is measured as the acceleration it givesfiteegfalling object. If near the
earthodés surface the acceleration wil.l b e
themoon,the acceleration would be 1,6 meter/second. This is in fact also the speed

of | ight. Ne wt ol rorithe lag of mationtsayd thab n a | l aw
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F=Gxmxmr?

with

F =gravitationalforce measured in Newton (N)

G = very small universal graeition constant (G = 6,67428 x 10 x m%kg?)
m; = mass of object 1

m, = mass of object 2

r2 = distance betweehe center of masses, and m squared
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Strong nuclear force

The stronghuclear forceonstitutesa fivehicled for holding atoms togethewe

dondét feel this force si nclThesirongnaclegrosi ti or
force emits secalledgluons These argarticles that acs super strong springsat

bind quarksextremely tight together in neutroasd protons

Weak nuclear force

The weak nuclear force is a particular foirtg@article physicinsideatomsthat
emits W andZ particles, secalledbosons While a W bosoris electrical charged
(W* and W) the Z boson is neutrally chargetlis 10" times weaker than the
strong nuclear forcand acts at very short distancksffects theneutrinos, leptons
andquarksexchanging energynass and charge.

While the other three elements of the four forces of nature holds things together the
weak force pertains to elements falling apart or decayirig.6 s betaaldcdyiagd
and happens when there are too many praiongutronsn thea t o nuéleus.

Electromagnetism

Besidegyravity and nuclear forceslectromagnetisris an important feature of

nature. It was actually Ranish scientist who discovered electromagnetism in 1820
whenHans Christian Oerstedaw that the needle of a nearby compass feact
deflected away from the magnetic nortlthen an electric current in a wire from a
battery was turned on. His curiositycath this phenomenon brought about the basic
foundations of electromagnetism later to be coined by 4 differential equations
suggested by J. C. Maxwell. The basic idea is the understanding of a substance as
being comprised of particles loaded withtearge An electricfield is created by an
atom with negative loaded electrons in rest while if atoms are moving an
electromagnetic fielavill be created. Charges and flows of electricity then are the
two basic ingredients for understanding electromagnetism. Maxwé s 4 equati o
connect the two. We will leave the issue of electromagnetism with that. In practical
workings the concept of electromagnetism is of less importance to sustainable
corporate responsibility.

BASIC BUILDING BLOCKST THERMODYNAMICS

Energy on a global scale is apen systenThe input into that open system is that
of incoming solar radiatiarAll other elements must be recycled in order for them
to enter tle cycles of nature. Energytise very root ofife itself i without energy

no life can exist. The human body is a mFiexample of an energy system;
however, energy is also needed to perfathother processes on eahé it the
atmosphergthe lithospherer the hydrosphere
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When talking about enerdyuman beings have been very inventive when it comes
to exploiting the earthdéds resources.
successful steam engine was invented in 1712 by Thomas Newcomen and later
improved by James Watt. It laid the foundationtfa industrial revolution

beginning in EnglandBefore that energy was mainly exploited through water mills,
the wind and by burning wooBuring the industrial revolution, however, a range
of new opportunities opened up and we saw the use of nucleay ethergnaland
geothermaknergy hydroelectrigpower, biomassenergy from gas and hydrogen
sources andindmills replacing especiallponrenewablesource like oil andgas.
When electricity was put into use by people suchhasnas EdisoandAlexander
Graham Beliin the beginning of 1900 it quickly changed the world andatheunt

of energy needednd supplied

Different forms of energgan be found a) kineticenergy andb) potentialenergy.
A dam is basically using the waters kinetic energy in order to produce electricity
(potential energy).

Exhibit2.23 The Three Gorges Dam in China

However some rules applwhen working with energy the laws of
thermodynamicsThermodynamics is concerned with understanding large scale
effects on a system mployingheat, work and energy.

The laws othermodynamics were discovered in th& tentury by a number of
scientists from Germany, The Netherlands etc. and constitute an important
scientific elementSo let us briefly look at the basic ideas of thermodynamics.

t

al
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Thamodynamic laws

Thefirst law of thermodynamicsays that energgan neither be created nor

destroyed but can only be transformed from one form to another. In this process

both heat and energy or fdAwor kTheliawofpr oduc e
Conservation of Energyt implies that it is not possible to Y& nothing for nothing

and hence the idea oparpetuum mobilevill be out of the question. The idea can

be illustrated by Exhibi2.24.

U = internal energy of the system

W = work done by the system

Q = heat added to the system

AU =Q-W

State 1 State 2

Exhibit2.24 First Law of Thermodynamics

State 1(S1)is a thermodynamic system in a steadgquilibrium stateAssume

that we have cylinder with a piston that we warmAtghe top of thecylinder,we
have a gas contained that by the heating is pulled upwards so that the gas gets
concentrated. In othevords,we reach a new state (S2). Supugh tls process

we will experiencea heattransfer(Q) that is the air is warmed up from S1 to S2
and A wo riskddne iy Wipving the piston upwardfsU is the internal
(potential) energpf thesystemthen:

PpU=QiT W

That is the change of the enemfythe two steady stat&l andS2will be equal to

the transfer of heanto the system and the work dobgthe system.This can also

be seen as Q (heat) being Aresponsibleo f
temperature of the system and thereby compressing the gas.

Thesecond law of thermodynamisays that thentropy (disordéerof a cbsed

system will always increas¥.ou can fire up a pile of woo
down you canngpossiblyassemble the ashes once again. Before the fire is lit the

wood pile might seem pretty organized but onéetitrned into ashes this will be
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blown around by the wind, washed out by a tidal wavei dttat is entropy is
increasing. We can also illustrate this pdiptExhibit 2.25.

AQ

HEAT TRANSFER

AQ
/\ S =ENTROPY = T

State 1

Exhibit 2.5 Second Law of Thermodynamics

If heat of a state e.gconsisting ofvarmwater is transferred to another staie an

irreversible process then the variabtegropy 6r disorder)will be increased. If hot

water comes into contact with another colder reservoir of water the temperature of

the hot part will derease and the temperature of the colder part will increase.

Entropy will be increaseddvifegpbyShe by t he hea
temperature (T) or:

@ G
® S—5

This process is irreversible since when the two parts merge and if trying to separate
them again they will still hold the same temperatWe.cannopossiblyget back
to theisolatedstates of warm and cold waiaran irreversible process

Thethird law of thermodynamicsaysthat the entropy of a system will approach a
constant value when temperatusgproactabsolute zero-273 Celsiug. This
constant value of entropy will typically be zero.

Finally, it should be mentioned that we also see theadledzeroth aw of

thermodynamicthat defines equilibrium states of systems in the sense that when

two systems are in a thermodynamic equilibrium with a thystemthey will be in
equilibrium with each other. Itds the very
therefore named the Azerotho | aw.
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While thermodynamic laws might have applications within physics and
engineeringye will use them as a way of thinking about certain kinds stesys
involving energy heat and work in a more superficial way of studying systems.

BASIC BUILDING BLOCKS - THE FOOD CHAIN(METABOLISM)

In principle species competition for thea r bidm@ss its stored energyis the
driver behind théood chain- sometimes called the food wekhis competition can
be viewed as a competition for cardmnthe various biotic elements in nature. This
battle is mainly dominated by plants dvatteria- please refer t&xhibit 2.2

below.

Relative biomass in gigatons (GT) of carbon (C)

Kingdoms of life

animals
2

wild mammals

P10 Lwidbids |\ @
0.1 —— humans  0.002 |, s Ny

livestock -========---s '
! () o006 N AA\

=2 il
a5 >

CAM
© Encyclopzedia Britannica, Inc.

Exhibit2.26 Relative biomassn earth measured in Gigatons of carbon
Source: Encyclopedia Britannitac.

I f we divi de inthsvetbasio chuhk$rbactrfg plantsf e 0
animals,viruses protists 4 (any eukaryotic organism thatm®t an animal, plant, or
fungug, fungi and archaea (domain of single celled prokaryotic organisms

4 A protistis an organism whose cells contain a cell nucleus also catielamyotic
organism Prokaryoticorganismdack a specific nucleus
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can attribute a number of Gigatons of biom@ssbor) that each of these seven
groups demand3he remarkable thing is that of these 546,0206carbon human
beings only accounts for 0,@6 about2 GT of animal carbon.

A very fundamental way to look upon nature is to realize that everything is
connectedo each otheMe often call this interconnectedness of different kinds for
symbiosisvhen looking at how organisms benefit from living close to each other.
One example would be the symbiosis of the clown fish and the sea anemone. The
clown fishprotects the sea anemone from those fish that eats it and in return the
anemone will protect the clown fish with its stinging tentacles with the clown fish
seeking shelter among these.

L.

Exhibit2.27 Theclown fish living in symbiosis with the sea anemone

Likewise human beings benefit from the oxy@enitted by trees, flowerand other
plants, vhile these in turn benefit from the carbdioxide we emitThis
interrelatednesis also true when lookingtthefood chain Some are considered
basic producerg.g, plants and insects. These are eaten by birds, deer and other
animalscalledprimary consumersAt the next level these are eaten bydators

like rabbits, skunks and badgersecondary consumerét the top of the food

chain indicated irexhibit 2.28 belowwe will find animals like bobcats, bears,
mountain lions etoor tertiary consumers

If we take it to the tofp not showri human beings will be the ones who are the
most important predator of all in the food chdins so because human beings are
capable of preying on all other species, because human beings fundamentally are
able to impact the entire foamthain and because we have a free will.
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If elements of the food chafar some reason ateken out it can affect the

elements of the entire food chdim t 6 s an i nterconnelbed ed and
more specialized elements are, the greater the risk for serious consequences to

emerge. As an examplene can think of the panda. If the bambobwg/hich

t h ey 6 rfer sdme nedasawguld vanish from th area the pandas would

ultimately die.On the othehand,e.g, otherbears use a variety of food sources and

are therefore not that vulnerable to changes in their ecoshsiegmse of the

variety of their diet and their ability to adapt to changed circumstances.

Let us give an example. At one time it was found that the number of caribous in
Yellowstone National ParkJSAwas rgidly dwindling. Nobody knew why. A
research project wamdertakenand they discovered the reasbiormally the

bears of Yellowstone would prey on the cutthroat trout that each year went
spawning in the rivers coming to and from the Yellowstone Lake. At one point
some anglers decided to release another trout species in the lake (lake trout) and
this trout competed with the cutthroat and preyed on it to the point where spawning
runs came to a halt. The bears reacted to that by beginning to prey on caribou calves
instead and the number of caribous of course went down. Since the bears of
Yellowstone have gery diverse menu when it comes to feeding, they adapted to
the changed circumstances of developments in the food. chain

I'tdéds important t o n pettanstotheasmalléstciestures asi ¢ f
like baderiato the largest mammals like the blue whalet 6 s i nt-emdc onnect ¢
disturbances in the food chain Wihpact up and down thehaini sometimes in

unforeseen way$ajor disturbances e.ghe drop of insects or the loss of habitats

will impact the food chain throughout the entire netwiorkt 6 s i nt er connect
Di sturbances in the food chain functions

Gleick described in his book abatltaostheory:

Some of the participants in the food chaiecarnivores (plant eatinganimalg
otherherbivoregmeat eatinginimalg and still others feed on both plants and meat
calledomnivoreqe.g, bears) Another important distinction in the food chain is

that ofpredatorsthat will eat other animals amqteythat constitutes animals being
eaten. The relationship between predators and prey are numerous and often very
complex and pertains to all species, mammals, insects, microbes etc.

Another important issue that pertains to the food cisddfodiversity This feature

is important because the food chain is built upon the notion of biodiversity. In an
environment where we find a rich biodiversity species will thrive on each other.
Thericherwe see biodiversity unfoldinghe more opportunities we will finfthr
diversification, genetic variation, feeding, mating and compaetitigin the food
chain This will at the same time furthenetabolisnthat is the chemical reactions
with a life-sustaining effect by eating, drinking agekting rid of waste products.
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Exhibit2.28 The Food Chaifi producers decomposerand consumers

Natural selection, @vival of the fittest

When Charles Darwiafter having visited the Galapagos Islands wrote his book

AOn the Oriogifn rosft 9 pescuieeds in 1859 he coined
discoveries of naturehow species develops in an evolutionary wigyey

basically do so due to a closed enviremtand from simplicity to complexity.
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Before issuing thibook,he had been on a travel with HMS Beagle to many exotic
places on Earth and when he arrived at the Galapsigosls he discovered certain
differences betweeinchesand thevariations ofshelk of turtlesliving on the

islands and he began to wonder wgfore beginning on higeatisehe said:

Ailn October 1838, that is, fifteen mont hs
happened to read for amusement Malthus on Population, and being well prepared

to appreciate the struggle for existence wlagkrywhere goes on from long

continued observation of the habits of animals and plants, it at once struck me that

under these circumstances favourable variations would tend to be preserved, and
unfavourable ones to be destroyed. The result of this weutldebformation of new

species. Here, then, | had at last got a theory by which to work.

pecies

El Origen de
las E

1, Geospiza magnirostris 2. Geospiza fortis Charles Darwin
3. Geospiza parvula 4, Cetthidea olivacea

Exhibit2.20 A T h e Odii theoriesbegan withstudyingbeaks ofinches

Darwin had found his mission arftetanswers ardescribed in his boothat said
thatevolutionbasically happenthroughnatural selectionThis selection was

confined to the species best fitted to adapt to their natural environment often coined
assurvival of the fittesfThe difference between tiiemchesthen was not due to

being speific species but to adaptation according to Danki@ later related his

findings to that othe breeding of domesticated animals and saw sontteecgame

traits being revealed supporting his ideas.

Darwin expandedrhis ideas by working further with the descent of man and in
1871 h eThevbeaerit & Mdn and Selection in Relation t@3®&olution,
according to Darwin, has a common origin most notably related to human beings
whom Darwin claimed originated froohimpanzees and bonobd#is of course
gave rise to an outcry from the theological community.
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The ideas and theories Gharles Darwirhave few parallels in the history of

science. He has fundamentally affected peoples view about the world. He has
carried out science in its most beautiful edition and he has left a decisive scientific
mark on our undstanding of nature.

BASIC BUILDING BLOCKST BIODIVERSITY

65 million years ago a meteorite hit the Yucatan peninsiéexicowith

devastating effect®r all life on earth65% of all life vanished analmost100% of

all dinosaurs witit. Nowadays itoés not nawhenral forces
biodiversityis lostbut human beingthathave the same effects on biodiversity as

the meteorite that hit the Yucatan 65 million years ago.Haergtords,i t 6 s we as a
species that are about to eliminate most other species onSzarth.scientists call

it the 8" mass extinctiorcurrently happening.

Both thenumber of species as well as the numbers within spediegémsingly
vanishing from earth. Human impacts on nature and wildlfee had serious
consequences for the entire ecosystéature needs space amabitatsand
wildlife are dwindling rapidly Some scientistaow compare the current state of
biodiversityon earth with theurrently unfoldingclimate crisis Biodiversity is
suffering. More officially UNERJefines biodiversity or natural variation from
both a genetic, species and ecosydtral.

A couple of examples of what climate chamgeansin Swederthe Arctic fox is
threatened by climate change. Due to higher temperatures its cousin the Red fox

will begin to move intats territories and being bigger and stronger it will kill the

Arctic fox and take over its deiasd territoriesIn Thailand the Sea turtle is also
threatened by rising temperatures. When the turtle lays its eggs along the shores of
the Indian Ocean the distribution of females and males are dependent on
temperatures. With risingmperatureghe share of female &eurtles will increase

and thereby push the balance between genders and disturb the reproductive cycle of
this speciesThousands upon thousands of other species currently experience the
effects of the dominance of human beings.

Taking it to a morgeneral level it is assumed that there are five dsigencerning
loss of biodiversity®

1) loss of habitats
2) invasive species
3) overexploitation
4) pollutionand

5) climate change

5 See Encyclopedia Britannica
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BASIC BUILDING BLOCKS - BIOGEOCHEMICAL CYCLES

Biogeochemical cycleme processes whereby substanceslilasphorous

oxygen nitrogenetc. are transported or transformediotic (living or dead

cellular organismsdr abiotic (nortliving non-cellula s y st e ms . l'tés si mpl
earth works in terms of processiagpms andnolecules Such cycles are always the

result of the collected workings of the atmosph#re hydrospherand the

lithospheree.g, carbonatoms are found in the air, in the soil and in water. These

cycles are basicallglosed system#n the following we willbriefly look at the

fundamental processes that occur in the cadyale, the nitrogen cycle, the oxygen

cyde, the phosphorus cyc#nd the sulfur cycle.

a) The carborcycle

The carboratom(C) is vital for all life to exist. It easily forms bonds with other

chemicalg actually 10 million differehcompounds containing carbon &rewn-

and if it werendt for the carbon mol ecul e
fabric of the human DNAvould not be possible to forr@arboncan be found in

the atmospherehe lithospherand the hydrospheend inorganicstructurege.g.

DNA, cells) and inorganistrudures(e.g. diamonds and graphit@hefossil fuels

found all around the world are in fact stemming from organisms that decayed

millions of years ago and through geochemical processes were transformed to crude

oil containing massive amounts of carbbiewever, for our purposéé¢ carbon

cyclebeginsas a ga$ CO;i in the atmosphere.

C —Carbon O - Oxygen
o < e .

2 ~. A carbon atom consists of: | . An oxygen atoms consists of:
° r & N | @6Protons @ 6 Neutrons | [ " , @ 8Protons @ 8 Neutrons
\_ " / @ Thereare 6 electrons \ o / @ Thereare8 electrons

N ) in the inner two circuits e 2 in the inner two circuits

Carbon is the atom that forms most bonds 219% of the aiir is comxpised og oxygen
with other conpunds - carbon is found Huwman breathe oxygen (inouf) and
in all living organisms trees etc. respires oxygen (ouiput)

Exhibit2.30 Elements of the carbastom and cebon dioxide

Through photosynthesfdants are able tabsorb this gas through their leaves and
inject this into their processes where they form proteins, sugar, lipids etc. During
night plants respires and emits oxydén) back into the atmospher&nimals later
eat theselpnts and therganic carbomndsugar, lipids and proteins are then
transformed in their bodies in order to release the eriecgytains.Through this
process the carbon is broken down into various compounds and sitrige of
released back into the atmosphere through respirasiovell as a significant

amount of methan@CH,). Whenanimalsdie, they will be decomposed by bacteria
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and some of these will also emit €liack into the atmospher@ome of the carbon,
however, will be stored in the soil whileler parts will be taken up by the océan
the largest single absorber of £€0as well ady our rivers and lakes etc. It will
react with water by formingarbonic &id (H.COzs) and the oceans acidityill be
increased (lower pH

ATMOSPHERIC CO, RESPIRATION
= PHOTOSYNTHESIS

LITHOSPHERE

. DECAY/DECOMPOSITION
ATMOSPHERIC CO, / EMISSIONS
" . RGANIC CARBON

¥ o »”q %,

m‘&.{}}’TAI@

CARBOXRELEASE

Exhibit 231 Basic @rbonCycle

The fossil fuels we use will contribute to the greenhouse effect emitting additional
CO; back into the atmosphere However , most stdredt hi s i s Aol
millions of years ago that are now being brought back into the cycle. In an
equilibrium state such processes would continue forever just being disturbed once
in awhile when volcanoes erupt etc. However, when humans interfere through the
infusion of old carbon it the natural cycle things can go out of hand and the
carbon cycle is temporarily set out of its normal mode. Nature will respond by the
consequences we now dethe climate crisigind its rippling effects. The severity

of this shold not be overlooked. During the-salled Permian extinctiop991 251
million years ago 95% of all life on earth were wiped out. It is thought that
excessive greenhouse gasethe atmosphere like carbon didgied to this

extinction, due to maybe volcanic activity, an asteroid or massive Niesral
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carbon is another form of carbon deposits found in coal, diamonds, ,cgtejphite
etc. Like its liquid form it contains carbon that we can use e.g. for heating, gnergy
jewelry, writing etc.

b) Thebasicnitrogencycle

Nitrogen (N) is an important substance in the biological cycle. In78ét of the
air that surrounds us is made up of nitragémough nitrogen other important
processes occurs includifigation, ammonification, nitrificatiomnd
denitrification. This cycle is showim Exhibit2.32below. Nitrogen isfurthermore
essential to living organisms because,@auino acids found in the DNAses
nitrogen compounds and farmendizes nitrogeras a fertilizelandorganic
material thrives on nigen,

DECOMPOSERS (FUNGI) >
AMMONIUM (NH,")

OTHER NITROGEN FIXINGBACT.

LITHOSPHERE

NITROGEN FIXING BACTERIA>
AMMONIUM (NH,")> BACTERIA
NITRITES (NH;) > BACTERIA>

ATMOSPHERIC = W JITRITES (NH;)>

NITROGEN

TR e
NITRIFYING ALGAE

Exhibit 232 Basic ritrogenCycle

Nitrogenfixation occurs when atmospheric nitrogea gas (N) - reacts with
substances (enzymes in bacteiethe soil. Biological fixation occurs when aerial
nitrogen is converted inmmmonium(NHz3) by the help of soil bacter{aitrogen
fixing bacteria)or by bacteridound in the roots of legunp@antse.g, peas, atilfa,
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soybeansr locust trees (other nitrogen fixing bactgribhe ammonimis then
turned into nitrites (N®) callednitrification once again with the help of bacteria
and further processed into nitrates @Yoy other bacteria. This is called
denitrification Through this process the nitrogen partly becomes available to
plants, calledissimilationand partlyturned into atmospheric nitrogen once again
by the help of bacteri@enitrifying bacteria) When plants or animals digrinate
etc.the nitrogen is fusd b&k into the ammonium cycley decomposers such as
fungi. Nitrogenendsup in our waterways by ruoffs or leaching when plants and
animals are not able to absorb the amount of nitrogen coniaitieel soil In a
lake, river or in the ocean nitrifying algae such as the-ptaen algae will feed on
this nitrogen. In casesithcan lead to eutrophicatiGra common problem due to
fertilization

¢) Thebasicoxygencycle
Atmospheric aygen(Oy) is a necessary component for all living thingsman

beings and animals breathe oxygen wiespiringanddecayingas well as
combustiorprocesses also need oxygen to work.

TRANSPIR ATION FROM
PLANTSETC., EVAPORATIO

LITHOSPHERE

PHOTOSYNTHESIS

ATMOSPHERIC | | 2 — COMBUS
OXYGEN - O, =

CO2 UPTAKE

Exhibit2.33 The Oxygen Cycle
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People and animals breathe oxygeéhile plantstranspireoxygen via

photosynthesithat becomes part of tlmospheric oxygemhroughevaporatior+

or transpirationfrom plants and soi#l oxygen and hydrogeinor water that is kO

T is condensed and will form clouds that later will reach the lithossere

precipitaton-r ai n, dri zzIl e, moist etc. |1tds a mc
moleculesamong this carbothat can form e.gcarbon dioxide or C&or hydrogen

and then form water (D). Atmospheric C@is formed when plants and animals

decays, when animals and human beings breathe and when fossil fuels and others

are combusted.

d) Thebasicsulfurcycle

Sulfur (SQ) is a substance that like hydrogean move between and among biotic

and abioticy st ems. | tdés a part  iroréspiratiamby pr ot ei n
microbes. Sulfur enters the atmosphgyehe burning of fossil fuels and by

chemical reactions takingace in the lithosphefsulfides) which is then emitted

into the atmosphere (abiotic systems). From the atmosphere it can be deposited in a

wetor dry form. If content of sulfur in the atmospheréiigh, we will seeacid rain

being deposited (wet form) and by coming in contact with the soil or by

decomposition it can then be deposited in the soil layers (dry form). It can be

absorbed by the oceans, dakand rivers by runffs, acid rain or sedimentation.

FOSSIL FUELS
SULFIDES - SEDIMENT

LITHOSPHERE

WET &DRY
DEPOSITION
DECOMPOSITION

WETDEPOSITION

Exhibit2.34 Thebasicsulfur cycle
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Problems with too much sulfur in the environment include its ability to acidify

water reservoirs killing both fish and plants. Besides thdfur will also react with
buildings and other human constructs where they will turn the facade grayish black
and deteriorate bricks and other. In its aerial form it can affect human health
especially in cities with heavy traffic, @mdue to industrial operations etc.

€) Thebasicphosphorougycle
Phosphorous (P) is an important substance for a variety of biological processes.
Many living organisms use phosphordu® r f or mi ng bones and teet

phosphate), as nutrients for plants and microorganisms, as fertilizer etc, inigact
a condition for all living organisms since phosphates also impacts our DNA

ORGANIC CYCLE

LITHOSPHERE

PHOSPHATE IN SOIL
DECOMPOSITION, WEATHERING
RUN-OFFS, PLANTUPTAKE
\ RGAN! IC/ORS}AN IC)

LEACHING
UTROFICAFIO

Exhibit2.36 Thebasic fhosphorouycle

Phosphorous stems from rocks expasadeathering conditions where it is washed
out and ends up in our soil or water systems. Here it acts as building blocks for
plants, animals, and microorganisms like algaeveimeh these die the phosphorous
is then returned to the environment through decomposition. Phosphorous can be
deposited in the sedimentsour rivers, oceans and lakesadtsas a nutrient for
years to come even though harsh regutatimay have been implemented. So the
phosphorous cycle can be slow to unfé¢henphosphorouss deposited in our
oceans it will be a part of the sediment and in milliongeairs form rocks from
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which it once agairthough weathering returns to the oceatts The atmosphere

does not play a part in the cycle. In the ExHathibvethere is a dotted line. This just
indicates that when birds e . geedon anchovies that eats plankton this plankton

will have absorbed phosphorous from the water. The excrements of the birds then
depositthis phosphorous in therm of guano and the cycle stagain.

One of the biggest problems with phosphoriguits use as a fertilizer in
agriculture. Since plants are not able to absorb all of the phosphorous it will
eventually end up in our rivers and lakgsrun-offs or by being washed out of the
soil. An excessive amount of phosphorous will spur, algae to grow faster and
when this happens the environment can suffer through massive eutrophication
which in its extremes can result in the extincdrish populations and pose a
threat to people thumh toxins that goes with thdue-green algae.

Exhibit2.36 Phosphorouss a driver of eubphication
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Exhibit2. A Mo t h e r T paiatingtby Frank Baldus

2.4 BASIC ENVIRONMENTAL PROBLEMS

The lesson of the industrial revolution has been pertinently cleag;itharcost to
everything Costsof the industrial revolutioareborne by theéearths spheres

During the first half of the Zicentury it has become irgasingly clear that the
climate,biodiversityand resourcesannot cope with the changes induced by the
industrial revolution. The second half of theé'2&ntury must beconte h ereeid g
revolution if we want to honor thegponsibilities entrusted to us by future
generationslt has taken us just a nick of time to fundamentally change the
ecosystems, eradicate a number of species and consuraeneasitsof resources
The benefits achieved by human endeavors hasdeemspondinglyenormous

when measuredseconomic development, technological breakthroughs, living
conditions, art, health, culture etc. The costs on the other hand for achieving these
beneits havelikewise been astronomical when seen through the lenses of nature,
our landscapes, our waterwaysdthe previousichness of species.

a) Basic environmental probleriglimate change
The earth has undergone many different periting thepast 500 million years

with rising or falling temperatures, different levels of card@xide in the
atmosphergice covering most ohe earth and perioddth less ice coverage.



On the Brinki testkapitel2

Phanerozoic Climate Change
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Exhibit2.38 Phanerozoic Climate change

ThePhanerozoic eois the term for the current geological period beginning with
the Cambrium Periob42 million years agtasting up until now. This period is
characterized by thgevelopment of the animals and plants we koffwoday.
Duringthis period,we have seen four peaikslong term average temperatuessd

four corresponding lowsonsisting of coldeglacial period of whi thdr we 6r e

middle of the last of thes&his have made scientists as well as others ask whether
the current rise in temperatures might be a signhgtherwe 6 r e about t o
cold glacial period and move into atmaal upward slope ohe curveor if this

natural cycle is about to lmhangedy human induced climate changdste

scientific community is in no doubt. Human induced climate ch&ngbout to

alter the natural cycl& recent studyrom Cornell Universityof 88.125

peerreviewed scientific articles dealing with climate chasgewed that 99,9% of

the scientists agreed on tigsue

Mostenvironmental problemsreinterconnectedand the issue of climate charige

one of these. Climate change affects and is affected by air temperatures, rainfalls,
melting of the ice sheet, warming of the ocean, changed ocean currents and so on. It
impacts the atmosphere lithospherandthe hydrosphereChanges to the

climate have been an amigg issue for the past decades. Average temperatures in
July 2019 were in fact the warmest ever measured onaadtin June 2020
temperatures in Siberia, Russiceed 38Celsius north of the Arcti€ircle and

there is an overwhelming consensus that changes in climatic conditions in large part

e
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are due to human activities. The IPCC has for long warned politicians and other
decision makers about the impacts thiald possiblyhave,and certain policy
choices have been made to combat excessive climate cliadmgiefmr from enough
and too diverse in the worlds perception of these issues and hence its practical
measures for combating the climate cri$isis interconnectedness is also visible
when looking at forests in Germaryspecially spruce forests are now dying due to
climate changeAn exampleWhen temperatures arnsing, and it gets driea

certain species dfedles will attacksprucetreesby penetrating the outer layer
Normally the trees willambat thesbeetledy emittingresin from the holes the
beetleshavedugthat will trap the beetles. When the weather is hot and dry spruce
trees are not able to produce enough ofrésiand the beetles will have a ball.
The consequences can be devastatinthispruce forestasis now evidenin
certainparts ofGermary. However, climate change has been an issue that
seemingly has opened the eyes of many people. At no time in previous human
history has the challenges facing #aeth and human population been so clearly
exposed and the response has correspondinglyumpanalleled in mangartsof

the world. This is probably mainly due to the fact thatreal consequences of
climate change have been painfully obvious. More frequent hurricdmasding

and storms, rising watégvels, the ice melting around the glpb&armer weather
etc. has been a wakg call to nany.But the rising CQcontentdn the atmosphere
will alsolikely affect the ecosystems as well. As £38es in the atmosphere plants
photosynthesiwill change as well. Some plants will grow faster. This will cause
plants to shed their leaves more often and this in turn will mean that more
flammable material will be available for wildfirés occur and the ecosysteraar
bushes anttees will be altered as we8g, climate change wilkxhibitsome very
real consequences that will unfold in the decades to come.

What are the causes of climate chafigdirect and systemic issues?

The content 0€0,-equivalentsn the atmosphereaverisen compared to a pre

industrial level as can be seem fr&xhibit 2.39 below. Before 1950 the level of

COzin the atmosphere had never been above 300ippoman historyWe can

say so with a high degree of accuracy since these data have been extracted from ice
coresprecludinpany mi sconceptions. Today, wedre not
cores, when statinigcts about C@contents; we are actually able to measure it

directly in the atmospheric contents. WhenO@ethaneHCFG and other

substances are emitted into the atmosphere in abnormal amounts the composition of

the atmosphere will change as well. The atmosphere like most other systems is a
well-balanced organism. In order for it to be in equilibrium what goes in must come

out. Today this is not so. What goes out (into space) is less than whattgdhs in

systemandit will respond by increases in G@vels in the atmospheren other

wordswe see@ g r e e n h o wscerring Thik is antimportarit and natural

mechanism in our atmosphere. The questiamisongemwhetherwe 6 r e about t o
interrupt this natural cycl&Vhen ice is melting the oceans coverage oktteer t h 6 s

surface willbeexpandednd we will see land freed of its former ice sheet. Since

the oceanb6s surface only andfthéieeceflests appr ox. |
about 5670% we will be seeing an increase in the greenhouse effect in the future
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due to lessce coverage. This rise is above average when looking at both land and
ocean temperatureBetween 1850 and 2015 the tempemtwver land has risen by
1,53% and the period 2012020 has been the warmest ever measured since
measurements began in 185[his has given rise to more frequent, intense and
prolongecheat waves around the globe, thereby creating more drcamihts
ultimately desertificationincreasinghefrequency of hurricaneproving for

heavier rain fall$n some partsess snow in winters, melting glaciers etc. In short
our weather system is changing at this very moment due to human impacts on the
variables that create theo r Iclinéats.
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Exhibit2.39 Atmospheric content of GOfrom 800.000 years B.C. up to now
Source: NASA climate.nasa.gov

In2017 UNd s  WMGrld Meteorological Organizatiomjocumenteé record

level ofaverage globaCO, concentrations in the atmospharaounting to 405,5

ppm. In 2018 this had risen to 407,8 pand in September 202 stood at

420 ppm This is 50% higher than it was before theustrial revolution begaand

such high concentrations have not been recorded feastt2 million yearsNOx

as well as metharteave also risen making scientists warn about the serious
potential effects this could have on future human welfénes corresponds well
withUN6 s d o c ume n thevbrldd €D, enassiansn@d17 (53,5 Gt) and
2018 (55,3 Gt)Accordingto UNERve 6 r e n o w aeanaveragglataly t o
temperature increase oP3jn 2100.A level of 400 ppm was last seen 3 million
years ago when the earth was considerably warmer and deeeissa whole lot
higher.® According to theParis agreemenfrom 2015signed by 196 countries
emissions of C@by 2030 must be reduced by 40% from base year itOSler

for temperatures not to exceed?2Plans have been formed and adopted by several
countries The G20countries submif8% of global C@but only 5 have adopted

6 SeeClimate Science Special Reporf. Mational Climate Assessment (NCA 4),
Volumel, USGlobal Climate Change Program 2017
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zercemissiongoals.But t h at 0 systandctissueAccerdirg molthe
Energy Charter Treaty (ECTorporations can sue countries if they put strict
limitations or taxes on their oil drilling operations, gas pipelines and other fossil
fuel operations. This Treaty have been used by $wedishVattenfall which was
relieved of environmental taxes camging one ofts coal operations in Germany
by suing the Ger mdAnotsetexampleidtiatof Gedmard bi | | i on
coal and gas producer Uniper Gmbh who currently have sued the Netherlands
according to a sealled ISDS claim (InvesteBtateDispute Settlement). Originally

the ECT was set up to protect Western European investments in Eastern European
countries.

Howe\er, nowadays the ECT isused forinBEEme asur es t o protect #dd
fossikbasedusinesses from going gredine consequences the rising contents

of CO; in our atmospherare materializing rapidly. The exhibit below documents

that both air and sea temperatures are riaimtjhave been so for a number of

decadedy using a smoothed average temperature measure

+2.0
LAND SURFACE AIR TEMPERATURE
—  LAND 5 YEAR SMOOTHING
1.5 SEA SURFACE WATER TEMPERATURE
—  SEA 5 YEAR SMOOTHING

PN
o

0.5

Temperature Anomaly (°C)

NASA GISS

-0.5
1950 1960 1970 1980 1990 2000 2010 2020

Exhibit2.40 Short term anual meandndand sea temperatures 196@017
SourceNASA. 2017

7 Sum Of US, by David Norton, nov. 2019
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Exhibit 241 Directissues involved in changes to the climate

Consequences of climate change

Consequencesanbe seriouso mankindif we experience &ull-blown change in
climate. We know that the iceiiscreasingly melting most places on earth.
Temperatures in Greenlaade at its highest in years and the ice melting as a
consequencruns into billions of i We know that most glaciers are retreating due
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to warmer weather and that cold winters with heavy snowdadisibout to vanish

in someplaces. Perafrostareas are about tbawin Siberia and northern Canada
thereby releasingnparalleledons of methanand other gases into the atmosphere
advancing the greenhouse effédatcording to thdPCCand others if C@contents
risefurther,we can expect a rise in sea levels up toeters in 280. Even with the
most conservative assessment we canagea level rises of betwe8ii 4

meters, acidificatiof our oceans and sharply decreases in the cryosphere.

a) Global surface temperature change relative to 1850-1900 e) Global mean sea
level change in 2300
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Exhibit 242 IPCC scenarios from the ARG report August 2021
Source: IPCC AR 6
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Webve already experienced some of the
areas are threatened due to their physical characteristics. When temperature
increases the air can hold more water and this will causecioarés to form and
boostextreme weathegvents withhurricanesheavy rain fallsand flooding So

rising water levels is already occurring and might develop exponentially during the
years to come. This will mean that low lyingastalkreas will be flooded, cities

and farming areas will bebandonedand people will move accordinglgince

approx4 0% of the worl dbés population |ive
massiveFor wildlife dangers are also lurking. When water temperatures change
fish migration in the oceansill also changend this has already had serious

effects of bird populationalong the coastlinthatfeeds their offspring from this

vital food sourceThings are connectedesides rising selavels,we will also see
higher temperatures in many places around the gln@mers will bg@rolonged,

and we will experience recurring heat waves. Precipitation will increase and
flooding and hurricanes will be more frequent. The ocean will warm up and become
more acidic So, consequees of climate chande the bbsphere are huge, severe

and possibly threatenirig the conventional life wand our environment kia been
accustomed torhese effects will force people to move. 2017 saw 18 million

climate refugeeand thismight only bethe beginning.

b) Basic environmental problermiodiversity

If driving a car on hos u mmeay §osi might have noticed that yomindscreen

doesnot need washing anymore. |1 tds evidence

are not there anymorkn 2020 areportiscience eveal ed t hat 25%
insects have been eliminated duringpast 30 yearsSince the 1700 century

over 700 anirals have become extinct as well as more than 80 plants and more than
17.000 species armwthreatened and placed tire IUCN Redlist. This number is
abnormal. The background rate of species lost to extingtiless than 1 in 1.000

years. To that should be added the loss of halailadsound the globe. More than
32.000 species are threatened on a waitte scale,and this only count for the

10% of species that has been assessed accoodingth ¢ i St e&d sy st em.
now 1,8 million species have been documented but a huge number of species have
not yet received this documentation and a number of these might disappear even
beforethis will happen These are alarmirfgcts,and the alarnbell has kept on

ringing for many years unfortunately with only few real measures taken to stop this
decline. A recent report from WWFom autumn 2020 collecting evidence from

134 experts all around the world concluded that wildide vanished by 68% from

1970 to 20168 In 2018 this number was estimated at 60%. This study concerned
20.811 populations of 4.392rtely a t spedias around the globe. Nature is

currently collapsing in front of our very eyes and especially Latin America and the
Caribbean are hit harth this respect i David Attenboroughoted thatn orderto
combat this massive decreatswill require a:°

8 Living Planet Report 2020VWF
® The Guardian10. September 2020
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fié systemic shifts in how we produce food, create energyage our oceans and
use materials. But above all it will requi

I think hebs right. Webve | ost perspective
actually right now destroying our own glolggdsspherea nd wedve been doing
knowingly. Not because we want this to happen, but just because il

placein oursystem of valuek our perspective!

| NO. OF SPECIES ASSESSED

- . -
i

P T e 15 X 5
DL LTIt S
Shemad =" 46785

B CRITICALLY ENDANGERED
[ ENDANGERED

Exhibit2.43 Species under threat globally
Source: Data IUCN

The overview given in the Exhibit below indicates that we could very well be on

the brink of seeing massive destructions of life taking place around us in the future.

An overview of the decline in wiltife population is given in Exhibit 2.44 below.

Thesenumbers must give rise to grave concémrthe future they will have

profound and devastating effects on our ecosystems. In prehistoric times natural
catastrophes were the main cause of mass e:
for ourselves. This ia symptom of a much larger crisis. We are in fact in the

process of killing life around usand among us. We call this thdiversitycrisis.

And not only have we killed insects and other species we are also destroying the
habitatsvnvher e theydére |l iving so M206WWFs a mutua
reported that wildlife population had declined 76% (freshwater species), 39%

(terrestrial species) and 39% (marine species) and an overall decline by 52%
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between 1970 and 2010. With the increase in the biodiversity crisis things look
problemait as the latest IPCC reporbfn March2023 also underlines. Especially
around equator serious issues are emerging if tempergeiregsar+3°- 4° C.

Examples of impacts without additional adaptation

a) Risk of J“

species losses
Percentage of animal
species and seagrasses
expe potentially

Zinclue
mami
fish, benthic

b) Heat-humidity  0days
risks to
human health

Exhibit2.44 IPCC projections 2023 increasing the biodiversity crisat 3°-4° C
SourcelPCC, March2023

I't matters to us and moreover it matters
elements and dynamics of thimsphere aralisturbedor disruptedwe will see

changes in our environment that may be even more severe than the climate crisis
Reasons or thdecline can be traced back to human activitigs/asive species,

consumption, poaching, agriculture etc. are all contributing factors that fuels the
decline in biodiversityThe chi Il Il i ng factor is the rate
Biodiversity is important becausess of it meansdepriving future generations of
importantpossibilitiesfor discovering and developingew medicines, experience a

natural richnesandunfolding human potential§.urthermore, we capotentially

destroy the delicate balance of ecosystems with serious consequences that cannot be
predicted due to complexitifowever, this i©f coursean anthropocentric point of

viewbut it oés weldbey eomloy .one

If we destroy biodiversitptherimportant links will bemissing,andconventional
evolutiorary processesould be brought to a halave would furthermore be
mi ssing important opportunities for wutil
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Let us give an examplét one time a researcher had followed a speoiffmgutan

in the forest of BornedHe discovered it had problems with carrying its baby
orangutan around and seemed to have problems with its left arm. Now, some of the
leaves they eat are poisonous and the orangutansiatmut 500 differeinleaves in

the Borneo jungléaught to it by its parent orangutarhe researcher then observed
that it took a specific leave and put it in its mouth and chewed on iguedihish

foam emerged. It then took this paste and rulibagainst its left armThe

researcher quickly made the connectitime orangutan suffered from arthritis.

Based on his findings a medical company found a new remedy for treating humans
suffering from arthritis.

During thepast 4 decades over 60% of the oranghgnitatsn Borneoand

Sumatra have been destroyed to give way for palproduction andecent

estimates from IUCNuggests that we lose between 3.080000 orangutans each

year.The exampl@emonstrateshat we lose if such trends contindéis isof

coursenot confinedto the orangutabut pertains to most speciésKenyaas an

examplewe currently find the only two living species of the Northern white rhino

and in Indiathere are 3 eggs from this species that has been frozen. If fertilization
goeswrongwe 6r e about to | ose yetfwalosethisher magni
we lose something invaluabléo us and to the world.
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A recent studyrom March2020by Trisos, Merow and Pig@ublicized in

Nature'® suggests that decline in biodiversitill be abrupind swift In their high
emissions scenario involvingtemperature increase df @elsius it is estimated
thatin 15% ofecosystems 20%f key species would hit their temperature threshold
in the same decad€his abrupt change is due to the temperature tolerances of
many species that will fall within the samange creating serious implications for
wildlife. IPCC estimates that by a temperature changé 6i\8e will see 39% of

land and forest speciegperiencing a high risk of extinction and at jus€2

increase 99% of our coral reefs might be gone.

The change can possibly occur before 2@03@opical oceans and by 2050 for
Northern forestsAs climate warms up species will be able to cope with a gradual
increaseand keeping temperature changesWwel Celsius could allow species

better adaptHowever, when we pass the threshold for species ability to adapt to
this warming uge.g, above 4 Celsiuswe will reach a point where biodiversiill

be in peril. They will look into an abyss that will hit different areas at different
times.The researchers looked at different grids around the world (100 km x 100
km) and identified over 30.000 species and combined this with climate models from
18507 2006 in order to know when specigsuld exceed their historitemperature
range in &b-yearspan Findings suggested that 73% of species would cross the line
of their temperature threshold at the same time making leirsiiy decline abrupt

and swiftwhen looking at the high temperature scenario.

Another research project from 2018 looked at the loss of species (insects,

vertebrates and plants) if temperatures could be kept°aCél&ius instead of°2

Celsius by 2100 The metrics used consistefltwo: a ) the froportion of species

losing >50% of their current climatically determined range, providing a Hynah

indicator of biodiversityange loss comparable with previous studies; and b) the

total integrated range loss, providing a complementary indicator of biodiversity

range loss that allows the full range of outcomes within taxa to be examined. It has

a maximum value of 1, which cosgonds to 100% range loss in all species and

gives the magnitude of range | oss across

Resuls in Exhibit2.46 below showedhat if keeping warming at 1°%&elsius 50%
of all species exposed to a temperature range los&@¥>would be better aff

10 see Christopher H. Trisos, Cory Merow & Alex L. Pigbhe Projected Timing of
Abrupt Ecological Disruption from Changdature, No. 580, June 2020.
11 See R. Warren et allhe projected effect on insects, vertebrates, and plants of
limiting global warmirg to 1.5°C rather than 2°C, Sciends. May 2018
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Exhibit2.46 Theproportion of modeled species losing more than half their
climatically determined range by 2100 at specific levels of global warming.
Source The projected effect on insects, vertebrates, and plants of limiting global
warming to 1.5°C rather than 2°C, 8ace, 18. May 2018

Note: (A) Invertebratesn(= 34,104), B) Chordatar = 12,640), C) Plantagn =
73,224), D) Insectaif = 31,536), E) Mammalia (= 1769), F) Aves fi= 7966),

(G) Reptilia fr= 1850), andl) Amphibia (1= 1055). Colors: Including (blue) and
excluding (orange) realistic dispersal. Data are presented as the mean projection
across 21 alternative climate model patterns with error bars indicating the 10 to
90% range.

The projected range loss (temperatureggggfor all species is shown in the
following Exhibit 2.47 for various levels of global warming marked by the different
colored lines.
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Projected range loss in individual species
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-0.64
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Individual species

Global annual mean temperature rise above preindustrial (°C) — 1.56—2-—32—45

Exhibit 2.47 Projectedclimatically determined range loss by 2100 for all species

at specific levels of global warming.

Source The projected effect on insects, vertebrates, and plants of limiting global
warming to 1.5°C rather than 2°C, Science, 18. May 2018

Note: (A) Invertebratesn(= 34,104), B) Chordatar = 12,640), C) Plantagn =

73,224), D) Insectaif = 31,536), E) Mammalia (= 1769), F) Aves fi= 7966),

(G) Reptilia fr= 1850), andHl) Amphibia (1= 1055). The proportion ranges from

+1 (100 %l gan);,MaloesT 1 i ndicate moXre than
axes represent the Oth to 100th percentile of species arranged in order of increasing
range loss, normalized by the number modeled in the taxon. Losses for each species
are shown as ean and 10 to 90% range across regional climate model patterns as

in Exhibit 2.47.
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There can be no doubt that biodiversitgs and the climate crisise indeed related

to each other and that there Vii# far ranging effectsh et her or not wedr e
keep temperature increases below Célsius.This corclusion pertains to all

speciesCurrent estimates suggests that wenartdkeeping it below B°.

What are the causes of the biodiversitigis?

Webve briefly touched approxtb 0t%h iof H éfeorea.r t Mad
landmass making less room for wildliféspecially agriculture arfabrticulture

have been among the main forces that have driven developments and animals are

deprived of their habitat$ollution, commercial fishing and hunting, land

development and deforestatiare other elementiivasive species igetanother

element thatanlessen biodiversityThis happens when invasive species are better

suited for competing for food amther resources aribitats than their native

opponents. This can totally change the elements and processes of an original
ecosystemThe best example of this is in fact human beings. The enormous success

of the evolution of human beings is beyond comparis. We 6ve el i minated
and species, webve changed the basic mecha
natural resources in a way no other mammals havedewerand we might now

even be on thpathof destroying ourselveSao, the finger points towas us when

we talkaboutthe major causef biodiversity losslt is assumed that approx. 70

species in Denmarkan be categorized as invasive species. If we look at the Pacific

Oysteras an examplie was introduced by people from the aquacultodeistry

because of their growth potential. It was assumed that the Pacific Oyster could not
reproduce in the colder waters surrounding Denmark. This was a huge mistake.

This Qyster actually thrives and reproduces excellent here and the enormous growth
patential of this species means tlmimmonmusselsand stocks of the original

oysters are being more or less wiped @his will affect bird life too since

formerly many seabirdied from the original stock of common mussels. Since the

Pacific oyster has a very thick shell this is not a viable food source for these
seabirdsanymoreand they will vanish together with the decline in the stock of the

common musseRnother example woullle that of the Saragossa weed that have

meant that theriginal weed species and sea grasses in the Danish Fjords are about

to beng heavily reducedt is thought that ballast water from shipghe main

driver behind this invasive species; this painglobalizationas a basic force for

inducing invasive speciesd loss of biodiversity

Consequences of the biodiversitisis

The overwhelming evidence thaibdiversityis at a peril will have serious

consequences for life on earth. Our chances of experiencing wildllifze

diminished being left to parks, zoos and enclosures. Our possibilities for finding

new medicatreatments will be less. Interactions among ecosystems and hence

evolutionary developments will be impaired. In otherwpwle 6 r e about t o mak
our planet becoming a biodiversity desert.
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BASIC ENVIRONMENTAL PROBLEMSi RESOURCE SCARCITY

Besides thelimate crisisand biodiversityproblemswe will rate resource scarcity

among the most fundamental environmental probkatiagfuture generations

This counts for biotic as well as abiot&sourcesThis issue was especially

promoted duri ng t hLamitstoOGrovtsd wvemeerr gtehde b oo k 7

In British Columbia USA the salmorpopulations have hadvade-rangingimpact

on economics, culture, tourism etc. Alarming signals have now for difoadpeen
sounding. The pacific salmon is about to vanish or have been seriously decimated.
In 2019 it was expected that 4.795.000 sockeye salmon would enkatier

Riverto spawn, however only 629.000 actually came back. Similar results have
been seen bhlong the West and East coast of USA. The state of the stock of
sockeye salmon is now so dire that #aghorities warraboutarii mmi nent t hr e a
of extinctiom for some populatianof sockeye salmon. Other salmon species like

the Chirook are also endangered and sahihesepopulations can be wiped out

within the next 120 years if nothing is donklowever, many issues seém

pertain to the decline of the pacific salmons and variability as to catches and runs
are great and still umdlgoing investigationThere is, however, no doubt that the
commercial fisHarmsin the nearby coastal waters are a serious threat due to the
sealice problem these fish are infected with. When the young salintihessmolts

- enter theseathey will also be infected when passing tilenmerciahets in the

fiords and that takes a great toll on gteck of wild salmonThe example above

dealt witha resource that in fact can be considered as renewable. The problem of
resource scarcity also pertains to ienewablaesources like oil, gas, metals and
other. These resourcaedecoming increasingly scarce and there is only one way
for these in the future; they will be gomdickel for instance is important for
manufacturing batteries and supply problems are now beginning to emerge making
mining companies interested in mining ttheep ocean for nickéhe real problem

is the speed by whickuch metals areanishing. It has taken wsly a fraction of a
second to utilize these resources but even 5.000 or 10.000 years from now will only
constitute a fraction of humdne i mxgsente. What do we leave for the coming
generations in order to fulfill their asftg
technological developments and more intelligent and considerate use of resources
but that might not be any way near enotmhccommodateoming generations in

the far future Technology will not be able to replace remewables

What are the causes of resource scarcity?

The answer to this questiaenterdtself around on&ey issue;human

consumption. We simply consume too much t
capacity. We live onraearth with finite resourceend therenly seems to be one

way in thefuturei consumpbn trends are pointing upwards and resource

availability trends are pointing downward®t us have a look at theo r lenefdyys

consumption to get an understandingho such consumin patternsieveloped

from 1800 to 2019 as demonstrated by Ex8 on the next page.
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1 1 1 Our World
Global direct primary energy consumption
Direct primary energy consumption does not take account of inefficiencies in fossil fuel production.
Modern biofuels
Other
renewables
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Source: Vaclav Smil (2017) and BP Statistical Review of World Energy OurWorldinData.org/energy « CC BY

Exhibi2.48 The Worlds energgonsumption 1800 2019in TWh
Source: Our World in Data

This picture very clearly tells us that we are consuming enormous amounts of
energyand that this must be seen as an exponential increase spawned by the
industrial revolutionDrivers of this change kabeen the increased population

size, technoloigal developmentsconsumption patterrend economic growtirhe
picturefurthermore tells us that co@7%), naturalgas(24%)and oil(34%)still

are primary sources when it comes to the worlds ddrf@ energy accounting for
approx. 85% of t he wlbalsbghdvs us¢hataewvgble consumpt |
energysources slowly haveaught on during the last couple of decatiés.also

know for sure that oil and gas will be gonihin the nex200-300 years and that
renewable sources with our present knowledge will be the only option available to
us.85% of our present energy sources will be gone by then.

The problem is symptomaticour resources are in limited supphihe salmons a

resource than principleis renewable. Many other resources are Tioe sources

of fossil fuelsmightrun dry in thdifetime of our grandchildren and some crucial

metals arenow running scarcas well The answers to the problem have been slow

and piecemeal and it seems that politiciant
even be confined to the next election period. Thistieiselated to the outcry that

can be heard from people living 5.000 years from ie@gource scarcity also has

another interpretation when we look at resources from a different angle. The

Australian koalds an iconic creature and the pogtion in New South Wales has

inhabited the state for thousands of years. However, they can be gone before 2050
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if nothing is done to helthe populaton The koal a | ives of eucas
the only food source they are able to eat. These leaveghawided the koala with

food and water contained in the leaves. Now it seems that the koala population is
about to vanish completely. Since summers in New South Wales have been
increasingly hotter and droughts moexereand prolonged there are indicats

that the eucalyptus leaves are also changing. They do not contain as much moisture
as before and this affects tke@ala. They are now aboutdce due to thirst. The
eucalyptus trees are changing due to climate chamgj¢his in turns affects the

koala chances of survival. S3gater resources when talking about the eucalyptus

tree is about to run grand this will affecboth the eucalyptus tree atige koala
population as wellThings are interconnected.

Consequeres of resource scarcity

Consequences can be dire if basic resources are vanishing and if teclenalogy t

cope with such changégesulting in severe hunger, production shortages, and

eventually a real threat to human existence on eartimMéer ecogni ze t hat w
looking into the next million years of human existence on earth and the real

problemisnhat we | eave for these thousands of
ibig spenderso those generations wil/l be
must be the real time span to look at when talking about resource availability in the

future.Onlyagaer ati on of Adondt caresoi wildl be

wedre about t o becomeThesé marenewablgesburcesur o wn
exploited by us will not be available for future R&D, new medicines, technological
innovation or future consumption.

Exhibit2.49 Iconic animal of Australid the koala
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25 THE EARTHS SPHERES
WHAT MAKES THE WORLD GO&ROUND?

When looking at the elements, processed interactions in natural ecosystem
will describehem as parts dEarth spheresWe will see this asomprised ofour
elements: abheatmosphergb) the hydrospherer) thelithosphereand d)the
biosphereTheEarths spheregredefinedas the systemsjhereexchangesf
energyand mattetake placen andamong thdour subsystemsThe biospherés a
label that concerns itself witll living organisms on earthin other words the
inhabitants of the atmosphere, the hyitere and the lithospheregofic
(living/organicmatte) as well asbioticelementginorganicmatte) will be parts
in the overall system

ATMOSPHERE

TROPOSHIR . CONTINENTAL CRUST
K - \‘p > 7

LITHOSPHERE

RSTENOSPHERE

THERM@SPHER
-~ ]

Ly

BIOSPHERE

Exhibit2.50 Earths spheres atmospherghydrospherglithosphere& biosphere

A great many changexcuras natural phenomenabiarths spheresvolcanoes
erupt, floodingoccurs, tectonic plates move, natural fii@eeits toll on the African
savanna and drought can lay the land idle where it former hadhlibening and
biodiverse placeSuch things occur as parts of a natural cycle. However, a great
many changes also occur due to hunmderventionsand these can have profound
effects on nature being outsideiodnd altering the natural cyclé cultivating
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land, using finite resourcgeaffecting the climate, erecting dams, building citied
highways emitting harmful substances and so on. We will deliberately separate
these two phenomena immanmade changesdnatural changesWed ve | ong
surpassed nature as the primary ingredient for changes within our natural
ecosystems.

2.51THE ATMOSPHERE

Only astronauts have really experienced the thin blue line that covers our earth.

This is the outer layer of tt@mospher¢hat marks the difference between the earth

and the cold, hostileuters pace t hat surrounds am. |1tods
comprised of various gases. The atmosphere consists of various layersehat diff
concerning the amount pfessure, temperaturesdcompositiorof its elements

or gaseous conteritsve have named these layére troposphere, the

stratosphere, the mesosphere, the thermosratthe exosphere

ATMOSPHERE MESOSPHERE

Exhibit2.51 Elementof the atmosphere

The air covering the eartfontains 78,084%itrogen(N2), 20,946%0xygen(Oy),
0,934%argon(Ar), 0,041%carbondioxide (CO), and very small amounts of neon

(Ne), helium (He), methan€H,) and krypton (Kr) To this should be added water

vapor that only exists in the lower parts of the atmosphiéiis relationship is

fairly constant wup wuntil 10.000 meters at
the overwhelming part of the atmosphere consists of nitrogen and oxygen

accounting for approX@9% of atmospheric contents.


https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Argon
https://en.wikipedia.org/wiki/Carbon_dioxide_in_Earth%27s_atmosphere
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Theexospherds the outermost part of our atmospherel t 6
comprised of atomic oxygegi®), hydrogen(H), helium (He) and
carbondioxide (CQ). The exosphere is about 10.000 km thicl
and when it ends outer space begins. Here at the edge betw
thee a r gravidbasonal pulland the suns radiatiome find the
exopauseSome have figured out that the end of the exosphe
then is about 190.000 km (about ha#fy to the moon).
Temperatures in the exosphere can range betwedeh.000.

The dividing line between thtbermospherand the exosphere
is called tathermopauseMany consider the thermosphere as
part of outer space and the Space shuttle, satellites as well &
International Space Station (ISS) all orbits in the thermosphe
Air density is very low in the thermosphere and unlike the lov
parts ofthe atmospherthe thermosphere can get extremely he
Temperatures in the upper part of the thermosphere can ran
between +500to +200C depending on whether it is night or
day and variations in solar activity. The components of the
thermosphere are made up of atomic oxy(e), atomic
nitrogen(N) and helium (He). In the thermosphere much of tr
s u mradiationis absorbed.

In themesospherteemperatures will drop witincreasing
altitude and can reacB(0° within the secalledmesopausethe
upper part of the mesosphere. This is the coldest part of the
e a r atiaodphereThe mesosphere is dry, however clouds ¢
formi so-callednoctilucentclouds In the mesosphere ioming
meteors mostly evaporates

Thestratospherés characterized as being less volatile than tt
troposphere and temperature rises when moving up through
stratosphere and does not contain water vapor like the
tropop her e. I t 6 s thihrOzona(@dsan he
important part. The upper pastthe secalledstratopause.

The air in tharopospherds the primary ingredient in shaping
thee a r wdathes and pressure and temperatures fall until tt
reach-56° when they become fairly constaithis is the outer
layer of the troposphere called thhepopauseHeavy winds and
the secalledJetstreanareat play in the troposphere.

Exhibit2.52 Theatmospheric layers of the earth

SourceWikimedia
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In thetropospherédhere is an average drop in temperatures by approXpé&,5
kilometer called thenvironmental lapse rat&ear the stratospherdn the
tropopausé temperatures sink to abos&®. In thestratospherehe rising
temperatures are due to tesorption of the u rulfraviolet radiatiorby the
ozone layerThese temperatures range betwaegragesf -51° near the
troposphere td 15° near the mesosphere.

SOLAR RADIATION

The atmospheszompositionis importantwhen it comes tgolar radiationlf it

wereno6t for its chemical composit-i on al/l
called ozondayerprotectsus from solar radiatiohe sun emits enerdyeing

powered by it€ontinuousnuclear fusions going on. It travels through space and

hits the earth with a mixture of wavelengths. Some of this is visible-slame

light the other part is @ theinfra-red spectrunmbeing invisible to our eyeis

please refer t&xhibit 253 below.

Exhibit2.53 Solar radiation
Sourcewww.fondriest.com

Itis in fact just a part of the radiatieve actuallycansee in form of colors. Others
are outside of our abilitior recognking these wavelengthshis counts for gamma
rays x-rays, ultraviolet anéhfrared light.Basically, the earth is hit by shewave
radiation and will then emit longyave radiation back into space. This equilibrium
hasconstituteca general rule. Now thequilibrium is affected by increasing
amounts of greenhouse gasses.



