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CHAPTER 2 

NATURAL SCIENCE      

 
In chapter 2 we will introduce the basic concepts and workings of nature. This will 

be split into the atmosphere, the hydrosphere, the lithosphere and the biosphere the 

four being defined as the geosphere. We will look at the very fundamental forces of 

nature and the problems that has occurred due to manôs invention into the natural 

world. 
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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 

 than a moral 

 
John Burroughs 

 

 

 

 

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

developing crucial answers and solutions to a long range of fundamental 

questions dealing with genetics, space, medicine, physics etc.  Thus, natural 

science has given us a range of tools, methodologies, concepts, prescriptions etc. 

that has made life much easier for human beings. It has provided us with a number 

of essential medicines. It has allowed us to send a man to the moon. It has 

constructed buildings, bridges and roads that have changed the face of the earth. It 

has stressed facts instead of fiction. So let us have a look at some basic assumptions 

or relationships of natural science: We can observe that: 

 

 

Â nature and society affect each other mutually 

Â the earth constitutes a dynamic system 

Â resources are limited 

Â nature exhibits a high degree of biodiversity 

Â all life has developed through evolution 

Â organisms consist of cells ï the genes of these can be hereditary or changeable 

Â everything in the universe is buildup of small particles 

Â basic physical forces work all over the universe 

Â the energy in the universe is constant but can change from one form to another 

Â the solar system is a tiny fraction of billions of galaxies in the universe 

Â human beings are the only species who exhibits an articulated purpose 

 

 

These assumptions take the character of being facts given our present knowledge of 

the world. These assumptions are observable, and constitute scientific evidence. We 

can anyhow say that though being facts they do not necessarily contain a universal 

truth. Some resources are abundant; in some placeôs nature does not exhibit a high 

degree of biodiversity. On the other hand, it would be hard to argue that organisms 

do not consist of cells or that all life has developed through evolution.  So, let us try 

to systematize it a bit. 

N 
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2.1  WHAT IS NATURE? 

Not so long ago the former Danish Minister of the Environment stated that in his 

opinion a wheat field formed part of nature and a couple of years ago I was 

commissioned before the Danish Parliaments Environmental Committee where the 

Chairman asked me what I meant when talking about ñsustainabilityò. Now at best 

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 concepts. These initial observations just stated to make sure that no 

matter at what level we find ourselves, even the concept of nature can be given 

different conceptual meanings and that even household names like that of nature 

and sustainability might not be what they normally are expected to be.   

 

 

 
 

Exhibit  2.1.  The way natureôs elements are classified in this book 
 

 

Our understanding of nature consists of a part of the world in which abiotic and 

biotic elements are and live which acts as a fundamental and vital element in order 
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for such elements to survive and thrive or expire. Negatively we will define nature 

more specifically as different from: a) areas of urban settlements, b) areas where 

human interference has made this an artificial playground for humanôs desires and 
c) areas of private or public industrial and agricultural activities. Of course, we 

will find wild -life and flora here. London is actually more populated by foxes than 

the forests encircling it. However, we will distinguish these areas from nature 

because there is a big difference in our handling of nature and areas where humans 

have interfered with the natural processes and those that are left for such natural 

processes to develop by themselves. This non-natural environment we will instead 

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

harbors, fish farms etc. are all manifestations of human culture as opposed to 

nature. Nature does not manifest itself by purpose; it just is.  

 

 

The core of nature consists of its biotic species that is wildlife, bugs, plants, bees 

and so on as well as their sounds, traces etc. Species occupy a habitat where they 

unfold their natural instincts - that is at savannas, in forests, mountains, cubes, 

beehives etc.  A natural habitat satisfies the requirements a species is demanding for 

existence, breeding and competing. Collectively such habitats form the total make 

up what we will call the ecosystem. Such ecosystems can exist within the 

atmosphere, the hydrosphere and the lithosphere and in short, we will name the 

collected ecosystems the biosphere where an ecosystem formally comprises a 

dynamic complex of plant, animal and micro-organism communities and their non-

living environment interacting as a functional unit.      

 

 

 
 

Exhibit 2.2  Nature as a hierarchical concept  
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The arrows in Exhibit 2.1 mark the interrelated exchanges of matter and energy and 

the interactions of various kinds between the 4 conceptual elements. A lion ï a 

species - will find its territory ï its habitat ï in different places (savannas, swamps, 

mountains etc.) and will use this habitat for catching prey, mating and giving birth 

to new lion cups. It will fight ï compete ï for its habitat in order to secure its own 

existence and that of future generations of lions. Species like the lion will also 

affect the surrounding habitat and ecosystem. When the wildebeests migrate, they 

will enter the lionôs habitat 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 able to change the biosphere. 

Weôve seen this unfold by our emissions of excessive amounts of CO2 thereby 

altering the weather system and the workings of many ecosystems in the lithosphere 

and the hydrosphere as well. These interactions are portrayed by the red arrows in 

Exhibit 2.1.   

 

 

So, lions and people affect their habitats etc, but they are also affected by the same 

habitat, ecosystem and biosphere. During increasingly dry periods lions will thirst 

and some of them will die due to this. So, changes in the biosphere will alter the 

living conditions of the species. The wildebeest may have changed their pattern of 

migration and may not enter the habitat ï ecosystem changes then affect the lionôs 

food sources within their habitat. Furthermore, the habitat might change when e.g., 

rainfalls alter the area, when trees are destroyed by wildfires etc. Such interactions 

are marked by the orange arrows in Exhibit 2.1.  

 

 

Likewise, we will also see interactions taking place among the 4 elements marked 

by the 2 two pointed arrows of pink color in Exhibit 2.1. Elephants for example 

might destroy the vegetation in their habitat and then find a new place where to 

feed. Salmon migration might be affected (habitat) if a hydroelectric power plant is 

being built (ecosystem).  People can affect the biosphere by emitting excessive 

amounts of CO2 and thereby affect the climate that then will drizzle down the 3 

other elements.  

 

  

This way of classifying nature gives us a way to be more specific of what weôre 

talking about. It hopefully will give us a better understanding of the actions and 

interactions taking place in various system elements and among these. Such 

interactions are a mix of cause-effects linkages, and they can span over short 

periods of time as well as very long periods. It can cover the smallest one-celled 

species as well as human beings. It is for sure a coarse dividing of the natural 

world, but it anyhow will allow us to be a bit more specific of what weôre dealing 

with.  
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We will also distinguish between the: a) man-made environment or managed 
environment (the anthroposphere) and b) the natural environment or unmanaged 

environment because nature works in different ways in these two systems. We will 

maintain that human beings are almost entirely active in the man-made environment 

and not a part of what we understand as nature. Of course, we are defined as a 

mammal because we breathe with our lungs, but it is also pertinently clear that man 

is now dominating whatôs happening in both the managed and the unmanaged 

environment. We do not follow the rules of nature but has formed our own rules 

specific to us. We are not complying with survival of the fittest. Developments or 

evolution in our own species takes a whole lot of different paths than that of nature. 

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

understand and transform the ecosphere so that it suits our needs. The idea of 

human beings as a part of nature is a romantic, delusional, and dangerous way to 

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

we have to painfully accept that human beings are in a class all of its own. We are 

now the managers of the man-made as well as the natural environment. Itôs our 

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

will develop in all of the next centuries to come. Itôs we that hold the destiny of our 

planet in our hands.  The success - or failure - of the human species is really a one-

off story in our planetary system.  

   

 

 
Exhibit 2.3  This is what we mean when talking about an unmanaged environment 
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Basically, the laws of nature are fundamentally different from the human world in 

that it is based on e.g., physics, biology and chemistry and researched through 

processes designed to understand and measure what is instead of what ought to be 

(ethics). We will furthermore not in essence distinguish between laws of nature and 

scientific laws. Weôve discovered a number of laws that pertain to nature ï gravity, 

division of cells, genes, atoms etc. and weôll dig a bit deeper in the following 

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 what is environmentally damaging we must, however, dig a bit 

deeper and ask what kinds of effects constitutes environmental damage? 

Furthermore, we must also be able to establish an indicator that reflects 

environmental damage and be able to measure this indicator. We must also ask the 

question of environmental damage to whom or what and we must ask about the time 

frame as well? This involves questions that has to do with both ethics and scientific 

standards. Nature itself just adapts to changes.  

 

 

It is also important to notice that nature is a dynamic system. It evolves and changes 

with time. Nature itself is a scene for dramatic changes that happens all the time -

when volcanoes erupt, plains get flooded, wildfires emerge, wildlife deteriorates 

due to predation, rain falls washing out nutrients running into rivers and lakes and 

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

often happens without any possibility for humans to alter such processes 

deliberately. This must be contrasted to human induced changes to nature that we 

deliberately or unconsciously cause to happen. When micro plastic is found in 

organisms in Antarctica this is not a natural phenomenon but due to human activity . 

Some people hope for a technological fix of such problems, some donôt really care 

but most often itôs human nature that gets in the way of furthering sustainable 

solutions. This also means that environmental damage has everything to do with 

culture, human preferences, economics and societal developments.  

 

 

Please note that when we here talk about environmental degradation this includes 

pollution, deforestation, climate changes, smog, loss of biodiversity etc. or in short; 

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

natural ecosystems. Following Exhibit 2.4 below we will claim that environmental 

degradation is dependent on the environmental regulations that are in place, the 

social acceptance of such regulations, the extent to which environmental regulations 

are enforced and the behavior 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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Exhibit 2.4   Environmental damage ï factors affecting it 

 

 
Environmental regulations 

 

Environmental laws are necessary means for regulating human behavior. If no 

quotas existed for fishing cods in the North Sea the stock would have been depleted 

decades ago. If no regulations banned the use of CFC gases, they would still be part 

of the cooling systems of refrigerators and if no environmental laws existed 

concerning dumping chemical wastes into the sea this would still be a part of 

ongoing industrial operations. Laws prohibit such acts to take place in pursuance of 

the common good. Instruments are many ï market mechanisms, bans, fines, permits 

etc. making certain activities illegal that prohibits environmental protection. The 

adequacy of environmental laws is determined by the level of measures needed to 

accomplish the objectives formed in a given society.  

 

 

Besides national laws levels of environmental protection are regulated via 

international laws, conventions and treaties drawn up by international organizations 

such as CITES, WWF, UN etc., They are of utmost importance and reflect an 

international willingness to mitigate environmental degradation. Such international 

instruments are aimed at transboundary environmental problems. If elephant tusk 

werenôt sold in Chinese markets and if an endangered wood species like Brazilian 

rosewood were not transported around the globe national measures would suffice. 

This is not the case, and we therefore need strong international instruments to 

combat such transboundary issues.  
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Social acceptance of environmental regulation 
 

Itôs important that society at large supports the objectives and methods used within 

the environmental regulatory framework. Sometimes you will find that this is the 

cause of conflicting interests between agriculture, industry and service providers on 

the one hand and the public and environmental authorities on the other hand. This 

does not necessarily have to be so. Industrial organizations in Denmark have 

actually seen environmental regulations as a means for improving entrepreneurship 

and increasing efficiency and effectiveness within industrial operations. So, the 

conflict might not be as severe as some tend to suggest. The growing environmental 

awareness that the climate crisis has spurred during the last decade is another issue 

that will increase social acceptance of environmental measures taken by the 

government. Though social acceptance might be present it will nevertheless not 

deter some people from behaving contrary to environmental objectives if 

environmental regulations are not enforced. 

 

 

Enforcement of environmental regulations 

 

If environmental regulation is not enforced, it just becomes a piece of paper and 

hence something that some will bypass. If this is accepted by society environmental 

degradation is bound to occur. If society demand that laws are enforced this will 

mitigate environmental degradation. Weôve seen countries with excellent 

environmental objectives and measures to implement these nevertheless being 

exposed to this ñenvironmental fraudò by not enforcing such objectives and 

measures. It then just becomes a bureaucratic waste basket. So, if the environmental 

regulatory framework is to have a chance it must be followed up by enforcements 

measures that are strict and meaningful. Otherwise, human 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 aquaculture in the inner straits of Denmark an owner of a 

facility situated near Hjarnoe in the fjord of Horsens ï or rather his wife who is the 

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

16,5 tons of phosphorous into the sea during 2013 - 2018. In fact, he discharged 

more than 500 tons of nitrogen and almost 50 tons of phosphorous into the inner 

straits. In order to lessen the environmental impact, the owner was furthermore 

required to establish a ñmussel farmò (smart farm) that was intended to filtrate 

seawater according to the environmental permit obtained. This did not happen. 

According to a report submitted to the environmental authorities he claimed to have 

submerged 70.030 kg fish into the nets. However, it was documented that he 

actually put 418.435 kg fish into these nets. Furthermore, he bred tons of silver 

salmon (coho) that he hadnôt any permits for. He is now charged and faces 6 years 

in prison and a confiscation of 191.574.671 DKK (more than 25,5 million Euros) 

considered to be his economic profit by this criminal behavior.  
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The example above demonstrates that if regulations are just regarded as a means for 

occupying people in public offices, if environmental enforcement is lacking and 

nobody cares you will find people who are willing to go to extreme lengths to 

circumvent the system in order to create economic profit for themselves. So 

entrepreneurial behavior becomes an important part of environmental issues and 

degrading the environment can become an option they will exploit.  

 

 

However, the way corporations normally confront the environmental agenda is to 

do so by lobbying. Thatôs why the German car industry will be a key player when 

forming environmental protection measures in EU/Germany. That is why the 

American oil and gas industry will impact US environmental regulations. That is 

why the Danish agroindustry will be vital in discussions when drafting 

environmental regulations in Denmark. Millions upon millions are spend 

performing lobbying activities throughout the world. The unfortunate way of doing 

this is when such lobby organizations decide to sponsor political leaders. Some 

politicians will find it hard to reject substantial economic endorsements 

unfortunately. Money is power. To say otherwise would be naïve. 

 

 

Measuring environmental degradation - examples 

 

In order to for us to secure that measurement of environmental degradation takes 

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.  
ñMethod 546: Determination of Total Microcystins and Nodularins in Drinking 

Water and Ambient Water by Adda Enzyme-Linked Immunosorbent Assay. EPA 
August 2016ò. This standard includes concepts, methods, procedures etc. in order to 

investigate the number of certain microbes contained in drinking water and ambient 

water. Itôs just an example of the accepted way of institutionalizing measurement 

methods and the idea of having world-wide accepted standards and concepts in the 

area of environmental degradation are crucial to implement credible measures.  

In order to conclude about such tests, we must also know about the level of damage. 

Which levels are considered non-harmful, and which are not? This can create a 

debate in the scientific community but within the EU there is one principle attached 

to such assessments ï the precautionary principle. This principle is important 

because it requires that if there is any risk of contamination the threshold level 

should be fixed so conservatively that any human health risks 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 services. The following Exhibit 2.5 can illustrate some of the main 

issues associated with environmental degradation. The causes are to be found in 

activities human beings undertake. Causes indicated in Exhibit 2.5 are a mixture of 

processes and elements that can harm the environment. When e.g., SO2 is emitted 

into the atmosphere this can cause a reaction here that later will find its way to 

lakes and streams by rainfalls (damage categories). This can cause a lake to 
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become acidic killing all aquatic life (ecosystem quality) etc. Some damage 

categories will affect one or more objects in the ecosystem, human beings included. 

Human health e.g., can be affected by a number of environmental damages of 

which only the most basic are indicated in Exhibit 2.5.  

 

 

 
 

 Exhibit 2.5   Causes, categories and objects ï environmental degradation 

 

 

Measuring environmental degradation or damage can also be viewed as a problem 

concerned with measuring a decline in the beauty of a landscape, a site or a view. If 

looking at a painting, is it then possible to objectively assess the quality of such a 

painting?  The same question could be asked if we were to assess the beauty of a 

landscape, scenery or a natural wonder. Is it possible to attach any objective 

attributes to a landscape? Some will say that money ï either market prices or costs 

ï are true determinants of the quality of such a landscape. Others would say no. A 

paintings worth ï or a natural wonder - is only possible to assess in the eyes of the 

beholder some would argue. Others might not agree with that. 

 

 

When Henry Hudson in 1609 looked on Manhattan or Mannahatta as the Indians 

called it (ñthe island of many hillsò) his eyes would have caught a landscape full of 

trees, small lakes, a rich wild-life, salt marches etc. Nowadays, instead we see the 

squirrels in Central Park ï both are ecosystems but very different from one another. 

The original landscape was natural (unmanaged) the present is man-made 

(managed).  
 

 

This tells us that itôs we ï human beings ï that are the main drivers for 

environmental degradation. Animals, however, can also act as drivers of changes to 
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the ecosystem but we donôt describe such changes as ñenvironmental degradationò, 

so environmental degradation is strictly tied to human beingsô objectives and 

actions.  

 

 

In order for us to describe and measure what environmental degradation is about we 

have developed sets of concepts, tools and procedures that will let us know about 

this. Such methodologies have been developed within all areas of the ecosystem ï 

water, soil, biodiversity etc. in order to measure harmful contents, noise, poisons, 

changes in the landscape and so on. 

 

 

We will define environmental degradation as occurring when the natural 

environment is altered by way of human interaction with the purpose of meeting 

social - including economic - objectives. Please note that this says nothing about 

good or bad, right or wrong but just that an alteration has taken place due to human 

interference. More formally the UN has defined environmental degradation in the 

following way: 1 

 

 

 "the reduction of the capacity of the environment  

to meet social and ecological objectives, and needs" 
 

 

We will look at a couple of examples below in order to show how environmental 

degradation is defined and measured to give an idea of what weôre talking about. 

Degradation involves the perceived quality of a natural site, habitat or an 

ecosystem, species reduction or extinction, polluting waterways, emitting harmful 

substances into the air etc. So, the following will contain examples of how we 

measure environmental damage when we talk about ozone depletion, acidification, 

eutrophication etc.   

 

 

Itôs clear that such measurements are anthropogenic. They are formed according to 

scientific evidence of levels of harmful influence on human beings. This is done 

according to mortalities by exposure, safety issues and other and such 

measurements constitutes a change that is unwanted by us. Limiting the amount of 

nitrogen and phosphorous is bad news for the bacteria thriving on these substances 

and good news for people who want a clear water lake to bathe in. However, the 

key issue here is change.  Nature doesnôt evaluate change it just adapts. Human 

beings are the ones that put an assessment to change thereby qualifying it.  

 

 

 

 

 

 
1 "ISDR : Terminology". The International Strategy for Disaster Reduction. 2004-03-31 

http://www.unisdr.org/eng/library/lib-terminology-eng%20home.htm
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 Exhibit 2.6  Is it possible objectively to assess the quality of a painting? 
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Environmental degradation ï BOD 
 

Looking at the hydrosphere an indicator of environmental health would be to 

calculate the BOD (Biological/biochemical Oxygen Demand). The BOD is defined 

as: 

 

     BOD = 

 

IDO - FDO 

VS/VB 

 

with 

 

BOD = Biochemical Oxygen Demand (mg/liter) 

IDO  = Initial D.O. (Dissolved Oxygen) of diluted sample (mg/liter) 

FDO = Final D.O. of diluted sample (mg/liter) 

VS    = Volume of sample (ml) 

VB    = Volume of bottle (ml) 

 

 

 
Exhibit 2.7  Calculating BOD  

Source: HAC WIMS, http://www.opssys.com 
 

 

The BOD is a measure of the load of microorganismsô or rather organic matter in 

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

organic matter will use of the oxygen contained in a water sample when itôs left for 

the microorganisms to incubate during a 5-day period. After that most of the 

organic matter will have been degraded. Thatôs why itôs often referred to as BOD5. 

The sample is then analyzed before and after the incubation period by 200 Celsius 

in order to determine BOD. The higher the BOD the more it demands of oxygen to 

perform the bacterial processes. Several ways exist for testing for BOD of which 

we will refrain from going any deeper.   

 

 

Besides the BOD several other tests are used to determine water quality; suspended 

particles, acidity, algae, toxins etc.   
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Toxicity 
 

Toxicity refers to a dose of a substance that will affect an organism or an ecosystem 

in a harmful way. Toxicity is normally divided into chemical substances e.g. heavy 

metals, radioactive materials etc. that can cause genetic problems, birth defects etc., 

pathogens (microorganism and parasites) that can cause toxic reactions by inflicting 

various diseases like destroying cells metabolism, suffocate fish life etc. and 

physical toxicants e.g. coal dust, exhaust particles that can cause for example 

respiratory problems and cancer. One measure often used is that of LD50 (LD = 

Lethal Dose). LD50 can be inflicted by e.g., swallowing (inhalation LD), by 

injections (dermal LD) or by penetrating airways (oral LD). In an LD50 experiment 

you will test the toxic contents by observing when 50% of a sampleôs species have 

died after having been exposed to the toxic one time. The lower the amount the 

deadlier it is. Other uses of this principle can also be found e.g., the EC50 that can 

measure the potency of a drug with EC50 being the point on the curve where an 

effect will be experienced. Take for instance alcohol. This will normally be 

measured in o/oo. If the alcohol content in your blood is above 4 o/oo things look 

pretty grim.  

 

 

- 0,2 ï 0,5 o/oo:  You feel slightly aroused 

- 0,5 ï 0,7 o/oo:  Dampens anxiety. You become more uncritically and risk taking 

- 0,8 ï 1,4 o/oo:  Loss of inhibitions, tiredness and dullness.  

- 1,5 ï 2,9 o/oo:  Big problems controlling balance and movement 

- 3.0 ï 3,9 o/oo:  Approaching unconsciousness, coma 

- 4,00  o/oo      :  Deadly dose (risk of dying = 50%)       

 

 

Sometimes you will also employ testing of cumulative toxic effects. Here you will 

inflict animals with smaller doses several times and observe when 50% of the 

animals have died. The measure can be determined as LD50n/LD50 with n = the total 

amount of doses given before 50% of the animals have died. When testing toxicity 

on humans the LD50 this is of course not a feasible solution. Instead, placebo tests 

are often undertaken. Here you administer the drugs to be tested so that 50% of a 

human sample population gets the drug while the other 50% gets a harmless 

substance usually lime tablets. You can then see if there are any significant 

differences in responding to the drug in question between the two groups.  

 

 

Contamination  

 

Closely related to toxicity is that of contamination of resources. This may take 

place in the atmosphere (radiation, gases, particles etc.), the lithosphere 
(agrochemicals, GMOôs, viruses etc.) or the hydrosphere (heavy metals, nutrients, 

oil products etc.). One important issue concerning contamination is that of exposure 

to radioactive materials. Radiation is measured by its Becquerel or Bq. It measures 

the activity of quantity of a radioactive material decaying by 1 nucleus per second 

or: 
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Bq = S-1 

 

with: 

 

S-1 = number of disintegrations per second 

 

 

When calculating the amount of radioactivity measured in Bq the following formula 

is applicable (see Wikimedia for this example): 

 

 

 ABq = n x NA  

 

 

ln 2 

t1/2 

with: 

 

ABq = radioactivity measured in Bq 

NA = 6,022 x 1023 mol-1 (Avogadro constant) 

n = number of moles 

t1/2 = half-life of a resource in S 

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

 

 

So, if e.g., 1 gram of potassium contains 0,000117 gram of a radioactive isotope 

with an atomic mass of 39,964 g/mol and a t1/2 of 4,030 x 106 s then you can 

calculate radioactivity by: 2 

 

 

30 Bq = 0,000117 x 39,964 x 6,022 x 1023 x  

 

 

0,693 

4,030 x 1016s 

 

When measuring the concentration of a potentially harmful substance several ways 

are used to classify a pollutantôs harmful concentration level: 

 

  

Â No effect concentration (NEC),  

Â No observed effect concentration (NOEC),  

Â No-observed-adverse-effect level (NOAEL) 

Â Lowest-observed-adverse-effect level (LOAEL) 

Â Acceptable operator exposure Level (AOEL) 

Â ECx (in percent) 

 

 
2 See Wikimedia for this 
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Radioactivity can also be measured by e.g., rad (radiation absorbed dose) and the 

standard for this is measured in Gray (Gy) with 1 Gy = 100 rad. It can also be 

measured in Sieverts or millisieverts (mSv) that is a measure of health risks 

associated with radiation. On average a person is exposed to 2 ï 4 mSv/year or 

approx. 0,002 ï 0,0045 mSv/hour. If radiation goes beyond 1 mSv it is considered 

dangerous. A measure called rem (roentgen equivalent man) 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 biodiversity this often involve collecting samples 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 e.g., mark a spot of 100 x 100 meters  

(10000 m2) and count the types and number of insects. 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 marine environment, you might count the fishes caught in a specific 

area. One of the problems is that animals often are migratory so a precondition for 

such measurements is that you understand the lifecycle, interactions and habitats of 

such animals.  

 

 

A loss of a species in a specific habitat could be permanent or temporary. So, in 

order to establish that a loss in biodiversity has in fact taken place you must be able 

to have a time frame often involving several years, decades or even centuries. You 

can then make a list of the species and estimate the number of endangered, 
threatened, vulnerable etc. by defining these groups most often by their numbers 

now and before. This is what the so-called CITES list do. The loss can also be 

calculated as the mass measured in kg, tons, mega-tons etc. e.g., if estimating the 

loss of insects during a specific period. Genetic variability can also constitute a loss 

of biodiversity. As an example, due to rising temperatures the number of females 

versus male sea turtles has risen since gender is dependent on temperatures when 

eggs are being hatched. This constitutes a serious threat to the survival of that 

species.   

 

 

A ñbiodiversity intactness indexò has also been suggested. It works like this. ñIt 

draws on expert knowledge about how human activities increase or decrease the 

total populations of groups of ecologically similar species ð such as insect-eating 

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 Africa. They 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 area 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 cent of their pre-industrial levels.ò 3 

  

 

 
Exhibit 2.8  Biodiversity threats 

Source: FAO 

 

 

 
3 See https://www.scidev.net/global/biodiversity/news/measuring-loss-of-biodiversity-

the-expert-way.html or Nature 434, 45 (2004) 
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Degrading the climate - climate change 
 

Often climate change is considered synonymous with the atmospheric contents of 

CO2. However, in order to recognize the different potencies of various substances 

for causing global warming we will have to turn these into a common denominator. 

We call this CO2 equivalents or CO2-e. We use CO2 being the reference value by 

which we arrange other harmful global warming potential sources in order to be 

able to get a better picture of whatôs happening in the atmosphere. We list such 

substances by their Global Warming Potential (GWP). Methane as an example has 

a GWP of 34 meaning that if 1 tons of methane is emitted into the atmosphere this 

corresponds to emitting 34 tons of CO2.  

 

 

Radiative forcing 
 

Another way of determining global warming mechanisms is done by looking at the 

radiative forcing. Radiative forcing is the difference between insolation (sunlight) 

absorbed by the Earth and the energy radiated back into space. The five most 

widespread greenhouse gases (CO2, CH4, N2O, CFC-12, CFC-11) account for 

approx. 96% of this radiative forcing. IPCC defines radiative forcing as: 

 

 
é a measure of the influence a factor has in altering the balance of incoming and 

outgoing energy in the Earth-atmosphere system and is an index of the importance 
of the factor as a potential climate change mechanism. In this report radiative 

forcing values are for changes relative to preindustrial conditions defined at 1750 

and are expressed in Watts per square meter (W/m2)." 
 

 

When heat (radiation) is trapped in the earthôs atmosphere and less heat is radiated 

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 earth e.g., by the melting 

of glaziers since these radiate more light back into space (so-called Albedo factor) 

and because the composition of the atmosphere where greenhouse gases are 

increased makes it more difficult for heat to be reflected back into space. 

Greenhouse gas molecules simply trap the heat that otherwise would be reflected. 

Other molecules in the air like nitrogen and oxygen do not have that heat trapping 

mechanism attached.  In that way such greenhouse gases function 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 atmosphere 29% of 

incoming solar light will be reflected back into space when hitting the atmosphere 

while 23% will be absorbed. The majority of incoming solar light will be absorbed 

by the earthôs surface ï mountains, trees, plants etc. The amount absorbed is 

critically dependent on the attributes of the surface.  Ice, snow and glaziers will be 

much better to reflect sunlight than oceans lakes and rivers.  
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Exhibit 2.9  Incoming solar radiation 
Source: NASA 

 

 

 For pure CO2 the radiative forcing is determined by: 

 

 

RF = Ŭ ln(C/C0) 

 

with 

 

RF = radiative forcing 

ln = natural logarithm 

Ŭ = 5,35 (constant) 

C0 = preindustrial concentration by 1730 of CO2 in parts per million (= 280 ppm) 

C = present concentration of CO2 in the atmosphere measured in ppm. 

 

 

In order to show an example of radiative forcing the IPCC has provided for this. In 

IPCCôs 5th report total anthropogenic RF is documented by the following table 

shown in Exhibit 2.10. It shows the emissions of various gases (well-mixed 

greenhouse gases and short-lived gases and aerosols) into the atmosphere and the 

resulting drivers of radiative forcing. These drivers of climate change can 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 year 1750. These measurements 

are qualified by medium (1950) to high (1980, 2011) levels of confidence.  
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Exhibit 2.10  Radiative forcing relative to 1750 measured in W/m2 

Source: IPCC, by Femke Nijssen and Eric Fisk 

 

 

Ozone depletion 

 

Discussions about depleting the ozone layer that protect the earth from harmful 

radiation from 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 stabilized somewhat. The use of CFC and HCFC gases were thought to 

have caused the problem. The basic unit for characterizing ozone depletion is the 

so-called Dobson Unit (DU). A Dobson Unit of 1 corresponds to 2,69 x 1020 ozone 

molecules per square meter. The unit for calculating the effects of substances 

affecting the ozone layer is measured in ODP or Ozone Depleting Potential with 

ODP defined as: 

 

 

ODP =  
Calculated global O depletion by gas(i)

Calculated global O  depletion by CFC11

3 

3
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Taking CFC-11 as a base it has an ODP of 1. Halon 1211, however, has an ODP of 

7,9 and Halon 1301 one of 15,9 making them more damaging to the ozone layer 

than CFC-11. This way of indexing we can make up for e.g., the differences in the 

time by which the substances will remain in the atmosphere. CFC-11 takes 45 years 

to disappear while e.g., CFC-13 will stay in the atmosphere for 1.020 years. So, if 

the chemical components etc. were the same CFC-13 would be almost 23 times as 

bad as the CFC-11.  

 

 
 

 

 
 

 

All the Ozone over a certain area is 

compressed to 0o and 1 atm pressure. 

 

The slab seen above is e.g., 3 mm thick 

corresponding to 300 Dobson Units 

(DU) 

 

Exhibit 2.11  Dobson Unit (DU) 

 

 

In its most basic form, the chain reaction going on when e.g. HFC gases or other are 

reaching the stratosphere are shown in Exhibit 2.12 below. Incoming ultraviolet 

light will impact the HCF molecule, and a chlorine atom will be separated. This 

chlorine in turn will affect the atmospheric content of ozone by splitting the ozone 

molecule into two components ï oxygen and chloride monoxide. Free atomic 

oxygen will then separate the chloride monoxide molecule into oxygen and chloride 

and the process can start all over again with chloride splitting new ozone molecules 

and thinning the layer of ozone. 

 

 

Protection of thinning the ozone layer is 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 other plants.  
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   Exhibit 2.12  The ozone depleting processé 
 

 

Noise 
 

Sound is measured by Herz (Hz) where 1 Hz marks the frequency of a cycle per 

second ï see Exhibit 2.15 below while decibel is a measurement of the strength of 

the frequencies that we can hear. But when does sound become a noise? Well from 

a purely physical viewpoint sound and noise are equivalent. Itôs only when the ear 

picks up sound that it might turn into noise ï an unpleasant, loud or disruptive 

frequency that make our brain react in a negative way. So, the way forward in 

defining noise is given by the number of decibels. Noise can be a big problem e.g., 

with windmills since the turning of the wings will cause a noticeable sound to be 

heard. It can pose problems when working in a noisy environment e.g., in an airport 

or being exposed to traffic noise etc. That is why authorities will issue guidelines 

and ensure that sound levels are within certain limits before issuing environmental 

permits to a corporation. In order to determine sound levels these will be measured 

at several time intervals. Often there will be differences in the noise level permitted 

when speaking of the time period involved. Is it noise experienced in daytime or at 
night? What is the distance between the sound source and those exposed to the 

noise? Are noise levels constant or changed during the day? Is it temporary or 
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permanent? As an example, sound levels ï thresholds - listed below are currently in 

effect in Denmark: 

 

 

Area Noise levels (Db) 

Industrial areas 70 Db 

Public places 40-35 Db 

Windmills 44 ï 39 Db 

Airports 55 ï 60 Db 

 

Exhibit 2.13  Noise levels permitted in Denmark 
 

 

 
Exhibit 2.14  Whales communicate by sound 
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HERTZ 

 

Herz is a very useful concept 

when making music, when 

measuring noise levels, when a 

warning signal is to be issued etc. 

Sound is also vital for animals to 

communicate by varying the 

loudness of their voices and 

screams and by communicating 

about prey in our oceans like our 

whales do.  

 

 

 

 

 

 

DECIBEL (dB) 

 

The name ñdeci-belò actually 

were conceptualized in honor of 

the inventor of the telephone 

Alexander Graham Bell. Deci 

stands for 10 and bel for the 

surname Bell ï decibel. It was 

accepted as a standard in 1928. 

 

Itôs a relative indication of the 

level of sound of 50 db being 

higher than that of 40 db.  

 

 
   Exhibit 2.15  Hertz and decibel  
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Degrading resources - resource depletion 
 

The earth is principally and practically a place with limited resources. We define 

some of these limited resources as non-renewable (oil, gas, minerals etc.) and some 

as renewable (forests, crops, water etc.). However, the amount of both resources 

can be hard to determine. New deposits are found, vast areas of land are thawing 

due to climate change that will open up new areas for exploitation, new technology 

makes previously inaccessible resources viable, scientific research makes it 

possible to substitute materials etc. Furthermore, this distinction will often have a 

local orientation so though crops in principle are renewable desertification can 

mean that it in principle as well as for all practical purposes are gone locally.  

 

 

No matter what, the earthôs resources are almost all finites. Some of these can be 

exploited ï re-harvested - within short time frames and others will ultimately run 

dry within 100, 200 or 300 hundred years from now. Environmental damage in 

most cases concerning resource depletion must be considered an intergenerational 

problem. What we do now will affect our children and grandchildrenôs possibilities 

for creating their own future. The non-renewable resources we extract today will 

not be available to them in the future. This requires us to take a long-term 

perspective of the decisions we make today. Typically, 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 

instead, we must regard 100 - 500 years as the short term, 500 ï 1.000 year as 

medium term and above as the long-term perspective. This idea is not unknown to 

people working in forestry. 

 

 

Obviously handling this time frame cannot be backed by data. It therefore becomes 

much more essential to operate with visions and values in order to form directions 

that pertain to this kind of time frame. If doing that it becomes clear that the only 

solution for creating the amount of future energy supplies needed, will be that of 

renewable sources. Existing and potential non-renewable sources will 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 key indicator of resource depletion would be to have the worlds known 

reserves of a specific resource acting as the denominator and actual consumption of 

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

EIA (US Energy Information Administration) the worldôs oil reserves amounted to 

1.779.685 million barrels by the beginning of 2017. OPEC valued the oil reserves at 

1.535.773 million barrels by the end of 2017. In 2016 the worlds annual production 

of oil amounted to 29.427 million barrels per year corresponding to 1,6% of known 

oil reserves. Venezuelaôs oil reserves could possibly last 360 years from now with 

known reserves and production and the UKôs oil reserves are about to run dry 

within the next 10 years.  
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Despite new methods of extracting, new deposits found, changes in product features 

etc. weôre still left with a resource with a finite life that will run dry in about 60-100 

years from now. So, a measure of a non-renewable resource would be to consider: 

 

 

  1) 
Yearly avg. consumption 

x 100 = consumption in % 
Known reserves 

  

and 

 

 

2) 
Known reserves 

= years before exhaustion 
Yearly avg. consumption 

 

 

The first equation will give you the yearly consumption of a non-renewable 

resource in percent (static) while the other equation measures years left to use this 

resource.  

 

 

 One key problem of resource depletion is that of human induced depletion or 

ñplanned obsolescenceò. It might have had a potential for creating jobs during the 

great depression in the 1930s, but it has increasingly revealed serious drawbacks 

when talking about environmental issues.  

 

 

As an example, some printers have contained a pre-programmed failure date if 

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

originates due to the fact that a company does not make money on its printers but of 

its ink cartridges.  The durability issue is also a part 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 adapt to the durability issue. This 

goes on to the idea of ñfashionò where literally billions upon billions of kg of 

clothes, shoes, watches, hats - you name it - goes into the drain to accommodate 

trends within the fashion industry and its subscribers due to cultural traits. If you 

consider that is takes 10 times the water consumption to make a black T-shirt 

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

 

 

The reasons these issues emerge are all due to the fact that clashes between profits 

and the environment becomes insolvable. The fashion industry dictates 

environmental depletion on a big scale. Product development and design are at the 

center of attention when dealing with planned obsolescence. The sustainable 

customerôs response to this has been to go 2nd hand shopping instead of buying new 

stuff. This trend is still on the rise and will be more so in the future.  
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2.3  THE EARTH  
 

The Earth is a unique planet as far as we know. Itôs part of our galaxy called ñThe 
Milky Wayò. Billions of other galaxies are out there with billions of stars included 

in these galaxies. The Milky Way was formed around 4,5 billion years ago after the 

ñBig Bangò occurring some 9,2 billion years before. Just after ï actually just 10-32 

after the ñbangò ï the universe started to expand and itôs expanding ever faster. 

Eventually big skies of gas and matter began to collect, and our solar system 

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

4 gas planets (Jupiter, Saturn, Uranus and Neptune) with a belt of asteroids between 

the two systems all circling around the sun being hold together by gravitational 

forces. So, the age of our universe is about 13,7 billion years old. Before the 

ñbangò, it is suggested that the world just consisted of energy containing no matter. 

Matter then emerged in the core of stars after the bang had occurred. At one time ï 

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

giant but long before that, conditions of life will have been eroded due to excessive 

heat and possibly due to merging with another galaxy ï the Andromeda. However, 

long before that all traces of the universe probably will be gone due to power of 

expansion ï the stars of the night sky will disappear. Weôre just here for a while.   

 

 

A lot of speculations have been fostered about both the beginning, composure and 

end of things ï black holes, multi-verses, dark matter etc., - but we will leave at that 

and just point to two opposite positions. ñWell, what the heck if itôs going down 

why bother about Mother Earth?ò and ñIf the Earth is going down, we have to take 

care of it as long as it lasts.ò  You will probably find out that we subscribe to the 

latter.    

 

 

 
Exhibit 2.16  Planets in our solar system ï distances not scaled 
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There are, however, some initial points we would like to make that relates to the 

formation of the Earth that impacts the natural environment. 

 

 

1) The core of the earth is comprised of solid iron. This fact was first suggested in   

     an article from 1936 by Danish seismologist Inge Lehmann and magnetic fields   

     are placed into space where it will form magnetic fields around the earth.  

 

2) All matter originally stems from the ñbig bangò billions of years ago ï iron,  

    copper, diamonds, gold, salt etc.  

 

3) The Earth only holds finite resources and is itself a finite system 

 

 

The Earths systems can be seen as a well-balanced total system, a chaotic system or 

a black-box system. No matter how you look upon it you will most often be stunned 

when thinking about the complex systems that comprise it and the variety it 

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

systems work. So let us try to look at the major elements that comprise the earthôs 

spheres and some of the building blocks that make it work.  

 

 

IMPORTANT BUILDING BLOCKS OF THE EARTHôS SPHERES 

 

There are some fundamentals processes and elements that constitute what nature is 

ï its biotic and abiotic elements split into a man-made environment and a natural 

environment. Biotic life constitutes human beings, animals and plants that are being 

comprised of living or dead cell material. Abiotic matter consists of non-living 

matter e.g., chemicals, rocks, minerals etc. that forms part of the environment and 

relates to the biotic elements in complex patterns. ñLifeò is considered to have 

begun approx. 3,8 billion years ago when the first one-celled organisms ï bacteria 

also known as prokaryote anaerobic microorganisms - emerged in a watery 

environment when it is estimated that the atmosphere had no, or only small 

amounts of oxygen present possibly around so-called underground vents  

(from so-called stromatolites). Our earliest fossil evidence date back to that time, 

but ñlifeò might have been around before that. 

 

 

Biotic and abiotic elements will work throughout the system of the atmosphere, the 

lithosphere and the hydrosphere. They are interconnected and form a complex 

system of interchanges of energy and matter. Some 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 represented.  So let us have a look at 

some of the most basic elements of these building blocks that span all 3 (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 on earth. Exhibit 

2.17 displays some of these important building blocks of the spheres. These issues 

will pertain to all elements of the Earths spheres ï the atmosphere, the hydrosphere 
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the lithosphere and the biosphere and they will work in association with biotic as 

well as abiotic elements. We find molecules in the air, in the soil and in our water.  

 

 

Thermodynamics and biogeochemical cycles will be at play in all spheres as well. 

A fish will eat insects and be caught by a fishing eagle (foodchain - biosphere). So, 

in essence they form first level elements ï or building blocks - in a display, change 

and exchange of environmental cause and effects. So let us have look at the most 

basic elements of the Earths spheres ï please refer to Exhibit 2.17 below.     

 

 

 
 

Exhibit 2.17  Important building blocks of the Earths spheres 
 

 
BASIC BUILDING BLOCKS ï ATOMS, MOLECULES AND MOLES 

 

All matter on earth is built up by small pieces - atoms. The word atom in Greek 

means indivisible. It consists of a core or nucleus and shells of negatively charged 

electrons. The core consists of two elements: positively charged protons and neutral 

neutrons.  If the number of electrons and protons are equal the atom is said to be 
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neutral. If an atom consists of fewer or more electrons than protons it is called a 

ion. Molecules are comprised of different atoms.   

 

 

 

 

KEYPOINTS ï THE ATOM 

 

When describing the atom X two more set of 

information will be available: 

A is the number of nucleons, being the atoms 

number of protons and neutrons and 

Z indicating the number of protons in the 

nucleus. 

 

Exhibit 2.18  The conventional way of describing the atom 

 

 

It is furthermore true that: 

 

 

A (nucleons) = Z (protons) + N (neutrons) 

 

 

where N is the number of neutrons in the nucleus. 

 

 

Inside the atoms core of protons and neutrons an even smaller element is thought to 

exist ïthat of gluons and inside these gluons strings of energy is at the ï currently 

thought ï bottom of it all called super strings.  
 

 

Atoms have a lot of different characteristics one of these being their ability to act as 

magnets. It is the electrons circling the atom core that influences how magnetic a 

substance is.  

 

 

Atoms also have a weight called an atomic weight. Relative atomic weight is 

measured as molar mass and constitutes the relative atomic masses of all isotopes 

of a chemical element weighted by their respective abundance on Earth. If looking 

at copper, we have an isotope 63Cu that counts for 69% of the earthôs copper 

resources (relative atomic weight is 62,929) and another isotope 65Cu that accounts 

for the remaining 31% of the earthôs copper resources (relative atomic weight is 

64,927). The dimensionless standard atomic weight of copper then is equal to: 

 

 

0,69 x 62,929 + 0,31 x 64,927 = 63,55 
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 An atomic mass is the mass of a unified atom. It corresponds to 1/12 of a single 

carbon-12 atom and an atoms atomic mass is almost entirely due to its protons and 

neutrons in the nucleus.    

 

 

Molecules 
 

A molecule is a very small particle structure that consists of two or more atoms 

with various chemical bonds attached between them. They vary in size and 

properties. Our DNA is an example of a complex molecule basically consisting of 

four molecules with specific chemical bonds ï adenine, guanine, thymine and 

cytosine. Water is another example consisting of a molecule having two hydrogen 

atoms and one oxygen atom attached. When only one atom exists - like atmospheric 

oxygen O - we call it atomic oxygen to stress its deviation from a molecule like that 

of oxygen (O2).    

 

 

Moles 

 

In explaining what atoms and molecules are, we would also introduce what a mole 

ï abbreviated mol ï actually is. It was first suggested in 1811 by an Italian scientist 

called Amedeo Avogadro and he defined a mol as a unity that measures: 

 

 

ñThe amount of substance of a system that contains  

as many elementary entities (atoms electrons, protons, 

 molecules etc.) as there are atoms in 12 g of carbon-12 
having 6 protons and 6 neutronsò 

 
 

This led to defining a mol more precisely as: 

 

 

6,022 x 1023 expressed as 6,022 x 1023 mol-1 and abbreviated NA 

 
 

expressing the number of molecules in a substance also known as Avogadros 
number.  If we look at the mass of one mol of a substance it equals that substanceôs 

molecular weight. If waterôs molecular weight is 18,015 amu (atomic mass units) 

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 1023 carbon-12 atoms on a scale  

(equals 602.000.000.000.000.000.000.000 carbon atoms) we would find that they 

weighed exactly 12 grams. By eliminating carbon-12 and 12 grams we will  find 
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that 1 amu equals 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 mol of water (H2O) mentioned above we get: 

 

 

 H2 = 2 x 1,008 g/mol (= 2,016 g/mol) +  

  O = 1 x 15,999 g/mol Ÿ 

 

2 H2 = 2 x 2,016 g/mol (= 4,032 g/mol) 

2 O  = 2 x 15,999 g/mol (= 31,998 g/mol) Ÿ 

 

2 H2O = 36,03 g/mol Ÿ 

 

1 H2O = 18,015 g/mol 

 

 

The mol is a crucial measure in chemistry because it makes it more feasible to 

relate substances and to compare them or ñhow many there are of substance 1 and 

substance 2?ò By knowing the 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 ï GENETICS 

 

When Gregor Mendel ï an Austrian friar - found out about the hereditary laws by 

experimenting with more than 28.000 pea plants in the mid-1800th Century e.g., 

either wrinkled or round peas he assumed a position as one of the giants of science. 

He published his findings and presented them to the Natural History Society in 

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

1900th century his ideas actually began to catch hold of the scientific community 

some 20 years after his death.  

 

 

Mendel found out that you will find dominant genes and recessive genes in the 

hereditary structure. This fact will create patterns that will be determinants of how 

plants will look like down the line of heredity - the attributes or characteristics of 

the genes. These hereditary genes stem from the genes (chromosomes) of a female 

and a male each having alternate forms called alleles (e.g., a brown eyed and a 

blue-eyed gene) with one allele being dominant (e.g., brown eyes) and the other 

allele being recessive. Alleles are inherited ï one gene from the female (e.g., brown 

eyes gene) and one from the male (e.g., blue eyes gene). When the pea seed plant 

and pollen meet each bring one allele with them and when fertilizing happens these 

alleles are united in pairs into so-called gametes.  

 

 
A genotype is the term used for the complete set of inherited genes while a 

phenotype expresses the forms or attributes actually expressed in an offspring e.g., 
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hair color, height, eye color etc. The noun gene was articulated by the Danish 

biologist Wilhelm Johannsen in 1909. 

 

 

Mendelôs discoveries formed the basics of what we now call genetics and he 

formed 3 laws: 

 

 

Mendelôs 1. law (Law of segregation) says that each attribute of an organism  

(color, physics, eyes etc,) contains two alleles for each attribute. During fertilization 

these will separate into gametes that only contain one allele from each parent.  

 

 

Mendelôs 2. Law (The law of independent assortment) states that alleles for 

attributes of an organism are passed on independently from parents to their 

offspring. So, the alleles for e.g. eye color has no relationships to that of other 

attributes like skin color, fur, head shape etc.  

 

 

Mendels 3. Law (The law of dominance) states that recessive genes will always be 

ñoverruledò by dominant genes. 

 

 

The master plan for all living organisms is its DNA (DeoxyriboNucleicAcid). The 

DNA takes care of hair, color, looks, gender, teeth and everything else in 

constructing and upholding living organisms. DNA was discovered by Friedrich 

Miescher ï a Swiss researcher ï in 1869 and later refined by Maurice Wilkins and 

finally identified by James Watson and Francis Crick who both got a Nobel Prize in 

1962 for their groundbreaking research with the double helix structure of the DNA 

molecule ï together with Maurice Wilkins. 

 

 

The genome is built by strings of 4 bases ï adenine, guanine, thymine and cytosine. 

The order of these is what determines the genetic outcome. These bases are 

arranged in pairs marked by the two colors of the horizontal ñladdersò in the 

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

thought to adapt life to present conditions it has also been suggested that the 

genome has a sort of in-built ñmemoryò that so to say are ñsleeping cellsò that can 

be awoken if things change.  

 

 

When temperatures e.g., changed by 6-8o during the last ice age this didnôt mean 

that species went extinct ï they survived - but how they genetically did that is still a 

hot topic within scientific circles. This couldnôt have happened by a so-called 

evolutionary process. The time span was simply too short to accommodate such  

processes before temperatures changed.  
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Exhibit 2.19  The hereditary structure of cats by applying Mendelôs laws 
 

 

In 2003 the human genome was determined, and research has furthermore shown 

that the typical difference between two human beingsô genomes typically is approx. 

0,1% no matter what race, phenotype etc. you belong to and 99% of a chimpanzeeôs 

genome corresponds with the human genome as well though being a relatively 

distant cousin of homo sapiens. The 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 up what we are today ï the most cruel and wonderful 

species on earth. But basically, weôre all pretty much alike from a genetic 

standpoint.  
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Exhibit 2.20  The double helix structure of DNA 
 

 

BASIC BUILDING BLOCKS ï MATTER (THE PERIODIC TABLE) 

 

All the elements of the Earths sphereôs substances or chemicals have been collected 

in the Periodic Table. It shows the name, the atomic number (how many protons in 

an atom), its electron configuration (its distribution of electrons in an atom), its 

form (liquid, solid or gaseous) and other characteristics arranged in seven periods 
(the rows in the periodic table) and eighteen columns called groups. Colors are used 

to differentiate the characteristics of the elements.  

 

 

Many of these elements can form bonds e.g., sulfur (S) can mix with oxygen (O2) 

and then becomes sulfur dioxide (SO2) etc. 

 

 

Chemicals in disproportionate amounts are an important part of the environmental 

problems we experience be it in the atmosphere (e.g., S, C, Cl etc.), in the 

hydrosphere (e.g., Cu, N, Zn etc.) and in the lithosphere (e.g., R, Pb, K etc.). We 

will not go into any deeper description of the periodic table, itôs just meant for 

providing an overview of the chemical elements that are inherent parts of the 

earthôs basic spheres ï the atmosphere, the lithosphere and the hydrosphere. 
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BASIC BUILDING BLOCKS ï THE FOUR FORCES OF NATURE  

 

According to physics four forces are in play when we describe what goes on around 

us in the material world. These are gravity, strong and weak nuclear forces and 

electromagnetism. Two of these we experience every day ï that of gravity and that 

of electromagnetism. So let us have a brief look at each of these four forces. 

 

 

Gravity 
 

Normally we donôt think about gravity ï itôs just there. If you drop a plate, it will 

ultimately fall to the ground, but in space we will discover that dropping a plate 

does not necessarily have the same consequences ï conventional gravity is not the 

same. So, what is gravity? 

 

 

Originally it was Isaac Newton who described the theory of gravity. Beginnings 

were made when Danish astronomer Tycho Brahe observed how planets move in 

space. Up until that point it was thought that the earth was the epicenter of things ï 

Tycho Brahe observed that this was wrong. Later, Johannes Kepler expanded on 

Braheôs thoughts and Galileo Galilei formed the ideas of inertia. Using these ideas 

Newton was able to derive the law of gravity. Afterwards his theory was modified 

by Albert Einstein when he came up with his famous theories of general and 

special relativity. Einsteinôs formula E = mc2 is probably one of the best-known 

equations in the world. E stands for energy, and m is the mass of an object while c2 

is the squared root of the speed of light. Einsteinôs ideas are for 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 the twin paradox e.g., that an object 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 concept of space-time where time is actually 

curved.   
 

 

Gravity is a force that exists due to mass and its relationships with other objects. 

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

to the earthôs gravitational pull and because the earthôs mass is so much bigger than 

your own mass it will pull you to the ground and not vice versa. The gravitational 

pull from the moon circling the earth is also very visible ï we know it from the 

flows of tidal water and gravity is felt when we take a tour in a carrousel.    

 

 

Gravity is measured as the acceleration it gives to a free-falling object. If near the 

earthôs surface the acceleration will be 9,8 meter/second. If being on the surface of 

the moon, the acceleration would be 1,6 meter/second. This is in fact also the speed 

of light. Newtonôs gravitational law ï or the law of motion - says that: 
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F = G x m1 x m2/r
2  

 

with 

 

F = gravitational force measured in Newton (N) 

G = very small universal gravitation constant (G = 6,67428 x 10-11N x m2/kg2) 

m1 = mass of object 1 

m2 = mass of object 2 

r2 = distance between the center of masses m1 and m2 squared 

 

 

 
Exhibit 2.22  Gravitational pull 
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Strong nuclear force 
 

The strong nuclear force constitutes a ñvehicleò for holding atoms together. We 

donôt feel this force since itôs positioned deep inside the atoms. The strong nuclear 

force emits so-called gluons. These are particles that act as super strong springs that 

bind quarks extremely tight together in neutrons and protons.    

 

 

Weak nuclear force 
 

The weak nuclear force is a particular force in particle physics inside atoms that 

emits W and Z particles, so-called bosons.  While a W boson is electrical charged 

(W+ and W-) the Z boson is neutrally charged. It is 1013 times weaker than the 

strong nuclear force and acts at very short distances. It affects the neutrinos, leptons 
and quarks exchanging energy, mass 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 decaying. Itôs called beta decaying 

and happens when there are too many protons or neutrons in the atomôs nucleus.  

 

 

Electromagnetism 

 

Besides gravity and nuclear forces electromagnetism is an important feature of 

nature. It was actually a Danish scientist who discovered electromagnetism in 1820 

when Hans Christian Oersted saw that the needle of a nearby compass react ï 

deflected away from the magnetic north - when an electric current in a wire from a 

battery was turned on. His curiosity about 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 with a charge. An electric field is created by an 

atom with negative loaded electrons in rest while if atoms are moving an 

electromagnetic field will be created. Charges and flows of electricity then are the 

two basic ingredients for understanding electromagnetism. Maxwellôs 4 equations 

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 BLOCKS ï THERMODYNAMICS 

 

Energy on a global scale is an open system. The input into that open system is that 

of incoming solar radiation. All other elements must be recycled in order for them 

to enter the cycles of nature. Energy is the very root of life itself ï without energy, 

no life can exist. The human body is a prime example of an energy system; 

however, energy is also needed to perform all other processes on earth be it the 

atmosphere, the lithosphere or the hydrosphere.  
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When talking about energy human beings have been very inventive when it comes 

to exploiting the earthôs resources. It all began when the first commercially 

successful steam engine was invented in 1712 by Thomas Newcomen and later 

improved by James Watt. It laid the foundation for the industrial revolution 

beginning in England. Before that energy was mainly exploited through water mills, 

the wind and by burning wood. During the industrial revolution, however, a range 

of new opportunities opened up and we saw the use of nuclear energy, thermal and 

geothermal energy, hydroelectric power, biomass, energy from gas and hydrogen 

sources and windmills replacing especially non-renewable sources like oil and gas. 

When electricity was put into use by people such as Thomas Edison and Alexander 

Graham Bell in the beginning of 1900 it quickly changed the world and the amount 

of energy needed and supplied.           

 

 

Different forms of energy can be found ï a) kinetic energy and b) potential energy. 

A dam is basically using the waters kinetic energy in order to produce electricity 

(potential energy).  

  

 

 
Exhibit 2.23   The Three Gorges Dam in China 

 

 

However, some rules apply when working with energy ï the laws of 

thermodynamics. Thermodynamics is concerned with understanding large scale 

effects on a system by employing heat, work and energy.  

 

 

The laws of thermodynamics were discovered in the 19th century by a number of 

scientists from Germany, The Netherlands etc. and constitute an important 

scientific element. So let us briefly look at the basic ideas of thermodynamics.  
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Thermodynamic laws 
 

The first law of thermodynamics says that energy can neither be created nor 

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

both heat and energy or ñworkò is produced. The first law is also called The Law of 

Conservation of Energy. It implies that it is not possible to have nothing for nothing 

and hence the idea of a perpetuum mobile will be out of the question. The idea can 

be illustrated by Exhibit 2.24.  

 

 

 
 

Exhibit 2.24  First Law of Thermodynamics 

 

 

State 1 (S1) is a thermodynamic system in a steady or equilibrium state. Assume 

that we have cylinder with a piston that we warm up. At the top of the cylinder, we 

have a gas contained that by the heating is pulled upwards so that the gas gets 

concentrated. In other words, we reach a new state (S2). So, through this process 

we will experience a heat transfer (Q) that is the air is warmed up from S1 to S2 

and ñworkò (W) is done by moving the piston upwards. If U is the internal 

(potential) energy of the system, then: 

 

ȹ U = Q ï W 
 

  

That is the change of the energy of the two steady states S1 and S2 will be equal to 

the transfer of heat into the system and the work done by the system.  This can also 

be seen as Q (heat) being ñresponsibleò for doing work (W) as well as raising the 

temperature of the system and thereby compressing the gas.    

 

 

The second law of thermodynamics says that the entropy (disorder) of a closed 

system will always increase. You can fire up a pile of wood but once itôs burned 

down you cannot possibly assemble the ashes once again. Before the fire is lit the 

wood pile might seem pretty organized but once itôs turned into ashes this will be 
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blown around by the wind, washed out by a tidal wave etc. ï that is entropy is 

increasing. We can also illustrate this point by Exhibit 2.25. 

 

 

 
 
Exhibit 2.25  Second Law of Thermodynamics 

 

 

If heat of a state e.g., consisting of warm water is transferred to another state 2 in an 

irreversible process then the variable entropy (or disorder) will be increased. If hot 

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

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

Entropy will be increased (ȹ S) by the heat transferred (ȹ Q) divided by the 

temperature (T) or: 

 

ȹ S =  

 

ȹ Q 

 

T  

 

 

 This process is irreversible since when the two parts merge and if trying to separate 

them again they will still hold the same temperature. We cannot possibly get back 

to the isolated states of warm and cold water in an irreversible process.  

 

 

The third law of thermodynamics says that the entropy of a system will approach a 

constant value when temperatures approach absolute zero (-273o Celsius). This 

constant value of entropy will typically be zero.  

 

 

Finally, it should be mentioned that we also see the so-called zeroth law of 

thermodynamics that defines equilibrium states of systems in the sense that when 

two systems are in a thermodynamic equilibrium with a third system, they will be in 

equilibrium with each other. Itôs the very basic law of thermodynamics and 
therefore named the ñzerothò law.  
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While thermodynamic laws might have applications within physics and 

engineering, we will use them as a way of thinking about certain kinds of systems 

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 the earthôs biomass ï its stored energy - is the 

driver behind the food chain - sometimes called the food web. This competition can 

be viewed as a competition for carbon by the various biotic elements in nature. This 

battle is mainly dominated by plants and bacteria - please refer to Exhibit 2.26 

below. 

 

 

 
 

Exhibit 2.26  Relative biomass on earth measured in Gigatons of carbon 
Source: Encyclopedia Britannica Inc.  

 

 

If we divide ñthe kingdom of lifeò into seven basic chunks ï bacteria, plants, 

animals, viruses, protists 4 (any eukaryotic organism that is not an animal, plant, or 
fungus), fungi and archaea (domain of single celled prokaryotic organisms) ï we  

 

 
4 A protist is an organism whose cells contain a cell nucleus also called a eukaryotic 

organism. Prokaryotic organisms lack a specific nucleus 
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can attribute a number of Gigatons of biomass (carbon) that each of these seven 

groups demands. The remarkable thing is that of these 546,02 GT of carbon human 

beings only accounts for 0,06 of about 2 GT of animal carbon.  

 

 

A very fundamental way to look upon nature is to realize that everything is 

connected to each other. We often call this interconnectedness of different kinds for 

symbiosis when 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 fish protects 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.  

 

 

 
Exhibit 2.27  The clown fish living in symbiosis with the sea anemone 

 

 

Likewise human beings benefit from the oxygen emitted by trees, flowers and other 

plants, while these in turn benefit from the carbon dioxide we emit. This 

interrelatedness is also true when looking at the food chain. Some are considered 

basic producers e.g., plants and insects. These are eaten by birds, deer and other 

animals called primary consumers. At the next level these are eaten by predators 

like rabbits, skunks and badgers - secondary consumers. At the top of the food 

chain indicated in Exhibit 2.28 below we will find animals like bobcats, bears, 

mountain lions etc. or tertiary consumers.  
 

 

If we take it to the top ï not shown ï human beings will be the ones who are the 

most important predator of all in the food chain. It is so because human beings are 

capable of preying on all other species, because human beings fundamentally are 
able to impact the entire food chain and because we have a free will.  
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If elements of the food chain for some reason are taken out it can affect the 

elements of the entire food chain ï itôs an interconnected and dynamic system. The 

more specialized elements are, the greater the risk for serious consequences to 

emerge. As an example, one can think of the panda. If the bamboos of which 

theyôre living for some reason would vanish from the area the pandas would 

ultimately die. On the other hand, e.g., other bears use a variety of food sources and 

are therefore not that vulnerable to changes in their ecosystem because 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 Park, USA was rapidly dwindling. Nobody knew why. A 

research project was undertaken, and they discovered the reason. Normally 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 a very diverse menu when it comes to feeding, they adapted to 

the changed circumstances of developments in the food chain.  

 

 

Itôs important to note that this basic food chain pertains to the smallest creatures 

like bacteria to the largest mammals like the blue whale ï itôs interconnected - and 

disturbances in the food chain will impact up and down the chain ï sometimes in 

unforeseen ways. Major disturbances e.g., the drop of insects or the loss of habitats 

will impact the food chain throughout the entire network ï itôs interconnected. 

Disturbances in the food chain functions like the ñbutterfly effectò that James 

Gleick described in his book about chaos theory.      

 

 

Some of the participants in the food chain are carnivores (plant eating animals) 

other herbivores (meat eating animals) and still others feed on both plants and meat 

called omnivores (e.g., bears). Another important distinction in the food chain is 

that of predators that will eat other animals and prey that 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 chain is biodiversity. 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. 

The richer we see biodiversity unfolding, the more opportunities we will find for 

diversification, genetic variation, feeding, mating and competing within the food 

chain. This will at the same time further metabolism that is the chemical reactions 

with a life-sustaining effect by eating, drinking and getting rid of waste products.    
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Exhibit 2.28  The Food Chain ï producers, decomposers and consumers 

 

 
Natural selection, survival of the fittest 

 

When Charles Darwin after having visited the Galapagos Islands wrote his book 

ñOn the Origin of Speciesò first issued in 1859 he coined one of the most important 

discoveries of nature ï how species develops in an evolutionary way. They 

basically do so due to a closed environment and from simplicity to complexity.   
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Before issuing this book, he had been on a travel with HMS Beagle to many exotic 

places on Earth and when he arrived at the Galapagos Islands, he discovered certain 

differences between finches and the variations of shells of turtles living on the 

islands and he began to wonder why. Before beginning on his treatise, he said: 

 

 

ñIn October 1838, that is, fifteen months after I had begun my systematic enquiry, I 

happened to read for amusement Malthus on Population, and being well prepared 

to appreciate the struggle for existence which everywhere 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 would be the formation of new 

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

 

 

  

  

Exhibit 2.29  ñThe Originéò ï  theories began with studying beaks of finches 

 

 

Darwin had found his mission and the answers are described in his book that said 

that evolution basically happens through natural selection. This selection was 

confined to the species best fitted to adapt to their natural environment often coined 

as survival of the fittest. The difference between the finches then was not due to 

being specific species but to adaptation according to Darwin. He later related his 

findings to that of the breeding of domesticated animals and saw some of the same 

traits being revealed supporting his ideas.   

 

 

Darwin expanded on his ideas by working further with the descent of man and in 

1871 he wrote ñThe Decent of Man and Selection in Relation to Sexò. Evolution, 

according to Darwin, has a common origin most notably related to human beings 

whom Darwin claimed originated from chimpanzees and bonobos. This of course 

gave rise to an outcry from the theological community.  
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The ideas and theories of Charles Darwin have 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 understanding of nature.   

 

 

BASIC BUILDING BLOCKS ï BIODIVERSITY 

 

65 million years ago a meteorite hit the Yucatan peninsula in Mexico with 

devastating effects for all life on earth. 65% of all life vanished and almost 100% of 

all dinosaurs with it. Nowadays itôs not natural forces that come into play when 

biodiversity is lost but human beings that have the same effects on biodiversity as 

the meteorite that hit the Yucatan 65 million years ago. In other words, itôs we as a 

species that are about to eliminate most other species on earth. Some scientists call 

it the 6th mass extinction currently happening.  

 

 

Both the number of species as well as the numbers within species is increasingly 

vanishing from earth. Human impacts on nature and wildlife have had serious 

consequences for the entire ecosystems. Nature needs space and habitats, and 

wildlife  are dwindling rapidly. Some scientists now compare the current state of 

biodiversity on earth with the currently unfolding climate crisis. Biodiversity is 

suffering. More officially UNEP defines biodiversity - or natural variation - from 

both a genetic, species and ecosystem level.    

 

 

A couple of examples of what climate change means. In Sweden the Arctic fox is 

threatened by climate change. Due to higher temperatures its cousin the Red fox 

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

Arctic fox and take over its dens and territories. In 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 rising temperatures, the share of female Sea turtles will increase 

and thereby push the balance between genders and disturb the reproductive cycle of 

this species. Thousands upon thousands of other species currently experience the 

effects of the dominance of human beings.  

     

 

Taking it to a more general level it is assumed that there are five drivers concerning 

loss of biodiversity: 5 

 

1) loss of habitats 

2) invasive species 

3) overexploitation 

4) pollution and 

5) climate change 

 
5 See Encyclopedia Britannica 
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BASIC BUILDING BLOCKS - BIOGEOCHEMICAL CYCLES  

 

Biogeochemical cycles are processes whereby substances like phosphorous, 

oxygen, nitrogen etc. are transported or transformed in biotic (living or dead 

cellular organisms) or abiotic (non-living non-cellular) systems. Itôs simply how the 

earth works in terms of processing atoms and molecules. Such cycles are always the 

result of the collected workings of the atmosphere, the hydrosphere and the 

lithosphere e.g., carbon atoms are found in the air, in the soil and in water. These 

cycles are basically closed systems. In the following we will briefly look at the 

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

cycle, the phosphorus cycle and the sulfur cycle.  

 

 

a) The carbon cycle 
 

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

chemicals ï actually 10 million different compounds containing carbon are known - 

and if it werenôt for the carbon molecule the amino acids that are the very basic 

fabric of the human DNA would not be possible to form. Carbon can be found in 

the atmosphere, the lithosphere and the hydrosphere and in organic structures (e.g. 

DNA, cells) and inorganic structures (e.g. diamonds and graphite). The fossil 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 carbon. However, for our purpose the carbon 

cycle begins as a gas ï CO2 ï in the atmosphere.  

 

 

 
Exhibit 2.30  Elements of the carbon atom and carbon dioxide 

 

 

Through photosynthesis plants are able to absorb this gas through their leaves and 

inject this into their processes where they form proteins, sugar, lipids etc. During 

night plants respires and emits oxygen (O2) back into the atmosphere. Animals later 

eat these plants and the organic carbon and sugar, lipids and proteins are then 

transformed in their bodies in order to release the energy it contains. Through this 

process the carbon is broken down into various compounds and some of it is 

released back into the atmosphere through respiration as well as a significant 

amount of methane (CH4). When animals die, they will be decomposed by bacteria 
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and some of these will also emit CO2 back into the atmosphere. Some of the carbon, 

however, will be stored in the soil while other parts will be taken up by the ocean ï 

the largest single absorber of CO2 ï as well as by our rivers and lakes etc. It will 

react with water by forming carbonic acid (H2CO3) and the oceans acidity will be 

increased (lower pH).  

 

 

 

 
 

 Exhibit 2.31  Basic carbon Cycle 

 
 

The fossil fuels we use will contribute to the greenhouse effect emitting additional 

CO2 back into the atmosphere. However, most of this is ñoldò carbon stored 

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 a while when volcanoes erupt etc. However, when humans interfere through the 

infusion of old carbon into 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 see ï the climate crisis and its rippling effects. The severity 

of this should not be overlooked. During the so-called Permian extinction 299 ï 251 

million years ago 95% of all life on earth were wiped out. It is thought that 

excessive greenhouse gases in the atmosphere like carbon dioxide led to this 

extinction, due to maybe volcanic activity, an asteroid or massive fires. Mineral 
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carbon is another form of carbon deposits found in coal, diamonds, calcite, graphite 

etc. Like its liquid form it contains carbon that we can use e.g. for heating, energy, 

jewelry, writing etc.  

 

 

b) The basic nitrogen cycle 
 

Nitrogen (N) is an important substance in the biological cycle. In fact, 78% of the 

air that surrounds us is made up of nitrogen. Through nitrogen other important 

processes occurs including fixation, ammonification, nitrification and 

denitrification. This cycle is shown in Exhibit 2.32 below. Nitrogen is furthermore 

essential to living organisms because e.g., amino acids found in the DNA uses 

nitrogen compounds and farmers utilizes nitrogen as a fertilizer and organic 

material thrives on nitrogen,  

 

 

 
   

 Exhibit 2.32  Basic nitrogen Cycle 
 

 
Nitrogen fixation occurs when atmospheric nitrogen ï a gas (N2) - reacts with 

substances (enzymes in bacteria) in the soil. Biological fixation occurs when aerial 

nitrogen is converted into ammonium (NH3) by the help of soil bacteria (nitrogen 

fixing bacteria) or by bacteria found in the roots of legume plants e.g., peas, alfalfa, 
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soybeans or locust trees (other nitrogen fixing bacteria). The ammonium is then 

turned into nitrites (NO2-) called nitrification once again with the help of bacteria 

and further processed into nitrates (NO3
- ) by other bacteria. This is called 

denitrification. Through this process the nitrogen partly becomes available to 

plants, called assimilation and partly turned into atmospheric nitrogen once again 

by the help of bacteria (denitrifying bacteria). When plants or animals die, urinate 

etc. the nitrogen is fused back into the ammonium cycle by decomposers such as 

fungi. Nitrogen ends up in our waterways by run-offs or leaching when plants and 

animals are not able to absorb the amount of nitrogen contained in the soil. In a 

lake, river or in the ocean nitrifying algae such as the blue-green algae will feed on 

this nitrogen. In cases this can lead to eutrophication ï a common problem due to 

fertilization.     

 

 

c) The basic oxygen cycle 

 

Atmospheric oxygen (O2) is a necessary component for all living things. Human 

beings and animals breathe oxygen when respiring and decaying as well as 

combustion processes also need oxygen to work.  

 

 

 
Exhibit 2.33  The Oxygen Cycle 

 

 



On the Brink ï testkapitel-2 

 

People and animals breathe oxygen while plants transpire oxygen via 

photosynthesis that becomes part of the atmospheric oxygen. Through evaporation - 

or transpiration from plants and soil - oxygen and hydrogen ï or water that is H2O 

ï is condensed and will form clouds that later will reach the lithosphere as 

precipitation - rain, drizzle, moist etc. Itôs a molecule that reacts with many other 

molecules among this carbon that can form e.g., carbon dioxide or CO2 or hydrogen 

and then form water (H2O). Atmospheric CO2 is formed when plants and animals 

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

are combusted.  

 

 

d) The basic sulfur cycle 

 

Sulfur (SO2) is a substance that like hydrogen can move between and among biotic 

and abiotic systems. Itôs a part of many proteins and used e.g., in respiration by 

microbes. Sulfur enters the atmosphere by the burning of fossil fuels and by 

chemical reactions taking place in the lithosphere (sulfides) which is then emitted 

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

wet or dry form. If content of sulfur in the atmosphere is high, we will see acid 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, lakes and rivers by run-offs, acid rain or sedimentation.   

 

 

 
 
Exhibit 2.34  The basic sulfur 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 that, sulfur 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, smog due to industrial operations etc.  

 

 

e) The basic phosphorous cycle  

 

Phosphorous (P) is an important substance for a variety of biological processes. 

Many living organisms use phosphorous for forming bones and teethôs (calcium 

phosphate), as nutrients for plants and microorganisms, as fertilizer etc. In fact, it is 

a condition for all living organisms since phosphates also impacts our DNA.  

 

 
 

Exhibit 2.35  The basic phosphorous Cycle 
 

 

Phosphorous stems from rocks exposed to weathering 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 algae and when these die the phosphorous 

is then returned to the environment through decomposition. Phosphorous can be 

deposited in the sediments in our rivers, oceans and lakes. It acts as a nutrient for 

years to come even though harsh regulations may have been implemented. So the 

phosphorous cycle can be slow to unfold. When phosphorous is deposited in our 

oceans it will be a part of the sediment and in millions of years form rocks from 



On the Brink ï testkapitel-2 

 

which it once again though weathering returns to the oceans etc. The atmosphere 

does not play a part in the cycle. In the Exhibit above there is a dotted line. This just 

indicates that when birds e.g., feed on anchovies that eats plankton this plankton 

will have absorbed phosphorous from the water. The excrements of the birds then 

deposit this phosphorous in the form of guano and the cycle start again. 

 

 

One of the biggest problems with phosphorous is its 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 lakes by run-offs or by being washed out of the 

soil. An excessive amount of phosphorous will spur e.g., algae to grow faster and 

when this happens the environment can suffer through massive eutrophication 

which in its extremes can result in the extinction of fish populations and pose a 

threat to people through toxins that goes with the blue-green algae.  

 

 

 
Exhibit 2.36  Phosphorous is a driver of eutrophication 
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Exhibit 2.37  ñMother Earthò ï painting by Frank Baldus 

 
2.4  BASIC ENVIRONMENTAL PROBLEMS 
 

The lesson of the industrial revolution has been pertinently clear; there is a cost to 

everything. Costs of the industrial revolution are borne by the Earths spheres. 

During the first half of the 21st century it has become increasingly clear that the 

climate, biodiversity and resources cannot cope with the changes induced by the 

industrial revolution. The second half of the 21st century must become the ñgreenò 

revolution if we want to honor the responsibilities entrusted to us by future 

generations. It has taken us just a nick of time to fundamentally change the 

ecosystems, eradicate a number of species and consume vast amounts of resources. 

The benefits achieved by human endeavors has been correspondingly enormous 

when measured as economic development, technological breakthroughs, living 

conditions, art, health, culture etc. The costs on the other hand for achieving these 

benefits have likewise been astronomical when seen through the lenses of nature, 

our landscapes, our waterways and the previous richness of species.  

 

 

a) Basic environmental problems ï climate change 
 

The earth has undergone many different periods during the past 500 million years 
with rising or falling temperatures, different levels of carbon dioxide in the 

atmosphere, ice covering most of the earth and periods with less ice coverage. 
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Exhibit 2.38  Phanerozoic Climate change 
  

 

The Phanerozoic eon is the term for the current geological period beginning with 

the Cambrium Period 542 million years ago lasting up until now. This period is 

characterized by the development of the animals and plants we know off today. 

During this period, we have seen four peaks in long term average temperatures and 

four corresponding lows consisting of colder glacial periods of which weôre in the 

middle of the last of these. This have made scientists as well as others ask whether 

the current rise in temperatures might be a sign of whether weôre about to leave this 

cold glacial period and move into a natural upward slope of the curve or if this 

natural cycle is about to be changed by human induced climate changes? The 

scientific community is in no doubt. Human induced climate change is about to 

alter the natural cycle. A recent study from Cornell University of 88.125  

peer-reviewed scientific articles dealing with climate change showed that 99,9% of 

the scientists agreed on this issue.  

    

 

Most environmental problems are interconnected, and the issue of climate change is 

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, the lithosphere and the hydrosphere. Changes to the 

climate have been an ongoing issue for the past decades. Average temperatures in 

July 2019 were in fact the warmest ever measured on earth and in June 2020 

temperatures in Siberia, Russia exceed 38o Celsius north of the Arctic Circle and 

there is an overwhelming consensus that changes in climatic conditions in large part 
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are due to human activities. The IPCC has for long warned politicians and other 

decision makers about the impacts this could possibly have, and certain policy 

choices have been made to combat excessive climate changes ï but far from enough 

and too diverse in the worlds perception of these issues and hence its practical 

measures for combating the climate crisis. This interconnectedness is also visible 

when looking at forests in Germany. Especially spruce forests are now dying due to 

climate change. An example. When temperatures are rising, and it gets drier a 

certain species of beetles will attack spruce trees by penetrating the outer layer. 

Normally the trees will combat these beetles by emitting resin from the holes the 

beetles have dug that will trap the beetles. When the weather is hot and dry spruce 

trees are not able to produce enough of this resin and the beetles will have a ball. 

The consequences can be devastating for the spruce forests as is now evident in 

certain parts of Germany.  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 the earth and human population been so clearly 

exposed and the response has correspondingly been unparalleled in many parts of 

the world. This is probably mainly due to the fact that the real consequences of 

climate change have been painfully obvious. More frequent hurricanes, flooding 

and storms, rising water levels, the ice melting around the globe, warmer weather 

etc. has been a wake-up call to many. But the rising CO2 contents in the atmosphere 

will  also likely affect the ecosystems as well. As CO2 rises in the atmosphere plants 

photosynthesis will 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 wildfires to occur and the ecosystem near 

bushes and trees will be altered as well. So, climate change will exhibit some very 

real consequences that will unfold in the decades to come.  

 

 

What are the causes of climate change ï direct and systemic issues? 
 

The content of CO2-equivalents in the atmosphere have risen compared to a pre-

industrial level as can be seem from Exhibit 2.39 below. Before 1950 the level of 

CO2 in the atmosphere had never been above 300 ppm in human history. We can 

say so with a high degree of accuracy since these data have been extracted from ice 

cores precluding any misconceptions. Today, weôre not confined to analyzing ice 

cores, when stating facts about CO2 contents; we are actually able to measure it 

directly in the atmospheric contents. When CO2, methane, HCFCôs 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 what goes into the 

system, and it will respond by increases in CO2 levels in the atmosphere ï in other 

words we see a ñgreenhouse effectò occurring. This is an important ï and natural ï 

mechanism in our atmosphere. The question is no longer whether weôre about to 

interrupt this natural cycle. When ice is melting the oceans coverage of the earthôs 

surface will be expanded and we will see land freed of its former ice sheet. Since 

the oceanôs surface only reflects approx. 6% of solar radiation and the ice reflects 

about 50-70% we will be seeing an increase in the greenhouse effect in the future 
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due to less ice coverage. This rise is above average when looking at both land and 

ocean temperatures. Between 1850 and 2015 the temperature over land has risen by 

1,53% and the period 2015 - 2020 has been the warmest ever measured since 

measurements began in 1850.  This has given rise to more frequent, intense and 

prolonged heat waves around the globe, thereby creating more droughts and 

ultimately desertification, increasing the frequency of hurricanes, proving for 

heavier rain falls in some parts, less 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 the worldôs climate.  

 

 

 
Exhibit 2.39  Atmospheric content of CO2 - from 800.000 years B.C. up to now 

Source: NASA, climate.nasa.gov 

 
 

In 2017 UNôs WMO (World Meteorological Organization) documented a record 

level of average global CO2 concentrations in the atmosphere amounting to 405,5 

ppm. In 2018 this had risen to 407,8 ppm and in September 2022 it stood at  

420 ppm. This is 50% higher than it was before the industrial revolution began and 

such high concentrations have not been recorded for at least 2 million years. NOx 

as well as methane have also risen making scientists warn about the serious 

potential effects this could have on future human welfare. This corresponds well 

with UNôs documented release of the worldôs CO2 emissions in 2017 (53,5 Gt) and 

2018 (55,3 Gt). According to UNEP weôre now on our way to see an average global 

temperature increase of 3,2o in 2100. A level of 400 ppm was last seen 3 million 

years ago when the earth was considerably warmer and oceans levels a whole lot 

higher. 6 According to the Paris agreement from 2015 signed by 196 countries 

emissions of CO2 by 2030 must be reduced by 40% from base year 1990 in order 

for temperatures not to exceed 2,0o. Plans have been formed and adopted by several 

countries. The G20 countries submit 78% of global CO2 but only 5 have adopted 

 
6 See Climate Science Special Report. 4th National Climate Assessment (NCA 4), 

Volume I, US Global Climate Change Program 2017 
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zero-emission goals.  But thatôs not the only systemic issue. According to the 

Energy Charter Treaty (ECT) corporations 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 e.g., Swedish Vattenfall which was 

relieved of environmental taxes concerning one of its coal operations in Germany 

by suing the German state for ú1,4 billion. 7 Another example is that of German 

coal and gas producer Uniper Gmbh who currently have sued the Netherlands 

according to a so-called ISDS claim (Investor-State-Dispute-Settlement). Originally 

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

countries.  

 

 

However, nowadays the ECT is used for intra-EU measures to protect ñdirtyò 

fossil-based businesses from going green. The consequences of the rising contents 

of CO2 in our atmosphere are materializing rapidly. The exhibit below documents 

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

decades by using a smoothed average temperature measure.   

 

 

 
Exhibit 2.40  Short term annual mean land and sea temperatures 1950 ï 2017 

Source: NASA. 2017 

 

 
7 Sum Of US, by David Norton, nov. 2019 
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    Exhibit 2.41  Direct issues involved in changes to the climate 

 

 
Consequences of climate change 

 

Consequences can be serious to mankind if we experience a full -blown change in 

climate. We know that the ice is increasingly melting most places on earth. 

Temperatures in Greenland are at its highest in years and the ice melting as a 

consequence runs into billions of m3. We know that most glaciers are retreating due 
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to warmer weather and that cold winters with heavy snowfalls are about to vanish 

in some places. Permafrost areas are about to thaw in Siberia and northern Canada 

thereby releasing unparalleled tons of methane and other gases into the atmosphere 

advancing the greenhouse effect. According to the IPCC and others if CO2 contents 

rise further, we can expect a rise in sea levels up to 7 meters in 2300.  Even with the 

most conservative assessment we can expect sea level rises of between 3 ï 4 

meters, acidification of our oceans and sharply decreases in the cryosphere.    

 

 
Exhibit 2.42  IPCC scenarios from the AR6 report August 2021 

Source: IPCC AR 6 
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Weôve already experienced some of the consequences. The Maldives and other 

areas are threatened due to their physical characteristics. When temperature 

increases the air can hold more water and this will cause more clouds to form and 

boost extreme weather events with hurricanes, heavy rain falls and flooding. So 

rising water levels is already occurring and might develop exponentially during the 

years to come. This will mean that low lying coastal areas will be flooded, cities 

and farming areas will be abandoned, and people will move accordingly. Since 

approx. 40% of the worldôs population live in coastal cities future problems will be 

massive. For wildlife dangers are also lurking. When water temperatures change 

fish migration in the oceans will also change and this has already had serious 

effects of bird populations along the coastline that feeds their offspring from this 

vital food source. Things are connected.  Besides rising sea levels, we will also see 

higher temperatures in many places around the globe. Summers will be prolonged, 

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, consequences of climate change in the biosphere are huge, severe 

and possibly threatening to the conventional life we and our environment have been 

accustomed to. These effects will force people to move. 2017 saw 18 million 

climate refugees and this might only be the beginning.  

 

 

b) Basic environmental problems ï biodiversity  
 

If driving a car on hot summerôs day you might have noticed that your windscreen 

does not need washing anymore. Itôs evidence that something is wrong. Our insects 

are not there anymore. In 2020 a report in Science revealed that 25% of the worldôs 

insects have been eliminated during the past 30 years. Since the 1700th  century 

over 700 animals have become extinct as well as more than 80 plants and more than 

17.000 species are now threatened and placed on the IUCN Red-list. This number is 

abnormal. The background rate of species lost to extinction is less than 1 in 1.000 

years. To that should be added the loss of habitats all around the globe. More than 

32.000 species are threatened on a world-wide scale, and this only count for the 

10% of species that has been assessed according to the ñred-listò system. Up until 

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 

before this will happen. These are alarming facts, and the alarm bell has kept on 

ringing for many years unfortunately with only few real measures taken to stop this 

decline. A recent report from WWF from autumn 2020 collecting evidence from 

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

1970 to 2016. 8 In 2018 this number was estimated at 60%. This study concerned 

20.811 populations of 4.392 vertebrateôs species around the globe. Nature is 

currently collapsing in front of our very eyes and especially Latin America and the 

Caribbean are hit hard. In this respect Sir David Attenborough noted that in order to 

combat this massive decrease it will require a: 9 

 

 
8 Living Planet Report 2020, WWF 
9 The Guardian, 10. September 2020 
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ñésystemic shifts in how we produce food, create energy, manage our oceans and 
use materials. But above all it will require a change in perspective,ò 

 

 

I think heôs right. Weôve lost perspective and weôve done that for decades. Weôre 

actually right now destroying our own global geosphere and weôve been doing this 

knowingly. Not because we want this to happen, but just because it takes second 

place in our system of values ï our perspective!     

 

 

 Exhibit 2.43  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 wild-life population is given in Exhibit 2.44 below.  

These numbers must give rise to grave concern. In the future they will have 

profound and devastating effects on our ecosystems. In prehistoric times natural 

catastrophes were the main cause of mass extinctions. Weôve now claimed that role 

for ourselves. This is a symptom of a much larger crisis. We are in fact in the 

process of killing life around us ï and among us. We call this the biodiversity crisis. 

And not only have we killed insects and other species we are also destroying the 

habitats where theyôre living so this is a mutually dependent crisis. In 2016 WWF 
reported that wildlife population had declined 76% (freshwater species), 39% 

(terrestrial species) and 39% (marine species) and an overall decline by 52% 



On the Brink ï testkapitel-2 

 

between 1970 and 2010. With the increase in the biodiversity crisis things look 

problematic as the latest IPCC report from March 2023 also underlines. Especially 

around equator serious issues are emerging if temperatures get near +3o - 4o C. 

 

 

 
 

Exhibit 2.44  IPCC projections 2023 ï increasing the biodiversity crisis at 3o-4o C 

Source: IPCC, March 2023 

 

 

It matters to us and moreover it matters to the organisms weôre killing. If vital 

elements and dynamics of the biosphere are disturbed or disrupted, we will see 

changes in our environment that may be even more severe than the climate crisis.  

Reasons or the decline can be traced back to human activities ï invasive species, 

consumption, poaching, agriculture etc. are all contributing factors that fuels the 

decline in biodiversity. The chilling factor is the rate of decline weôre witnessing. 

Biodiversity is important because loss of it means depriving future generations of 

important possibilities for discovering and developing new medicines, experience a 

natural richness and unfolding human potentials. Furthermore, we can potentially 

destroy the delicate balance of ecosystems with serious consequences that cannot be 

predicted due to complexity. However, this is of course an anthropocentric point of 

view but itôs the only one weôve got.   

 

 

If we destroy biodiversity other important links will be missing, and conventional 

evolutionary processes could be brought to a hold. We would furthermore be 
missing important opportunities for utilizing natureôs unique capabilities.  
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Exhibit 2.45  Orangutan ï wondering what human beings are doing? 
 

 

Let us give an example. At one time a researcher had followed a specific orangutan 

in the forest of Borneo. He 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 orangutan knows about 500 different leaves in 

the Borneo jungle taught to it by its parent orangutan. The researcher then observed 

that it took a specific leave and put it in its mouth and chewed on it until greenish 

foam emerged. It then took this paste and rubbed it against its left arm. The 

researcher quickly made the connection - the orangutan suffered from arthritis. 

Based on his findings a medical company found a new remedy for treating humans 

suffering from arthritis.  

 

 

During the past 4 decades over 60% of the orangutan habitats in Borneo and 

Sumatra have been destroyed to give way for palm oil production and recent 

estimates from IUCN suggests that we lose between 3.000 ï 5.000 orangutans each 

year. The example demonstrates what we lose if such trends continue. This is of 

course not confined to the orangutan but pertains to most species. In Kenya as an 

example, we currently find the only two living species of the Northern white rhino 

and in India there are 3 eggs from this species that has been frozen. If fertilization 

goes wrong, weôre about to lose yet another magnificent species and if we lose this, 

we lose something invaluable - to us and to the world.    
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A recent study from March 2020 by Trisos, Merow and Pigot publicized in  

Nature 10 suggests that decline in biodiversity will  be abrupt and swift. In their high 

emissions scenario involving a temperature increase of 4o Celsius it is estimated 

that in 15% of ecosystems 20% of key species would hit their temperature threshold 

in the same decade. This abrupt change is due to the temperature tolerances of 

many species that will fall within the same range creating serious implications for 

wildlife . IPCC estimates that by a temperature change of 3o C we will see 39% of 

land and forest species experiencing a high risk of extinction and at just 2o C 

increase 99% of our coral reefs might be gone.  

 

 

The change can possibly occur before 2030 in tropical oceans and by 2050 for 

Northern forests. As climate warms up species will be able to cope with a gradual 

increase and keeping temperature changes below 2o Celsius could allow species 

better adapt. However, when we pass the threshold for species ability to adapt to 

this warming up e.g., above 4o Celsius we will reach a point where biodiversity will 

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 

1850 ï 2006 in order to know when species would exceed their historic temperature 

range in a 5-year span. Findings suggested that 73% of species would cross the line 

of their temperature threshold at the same time making biodiversity decline abrupt 

and swift when 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 at 1,5o Celsius instead of 2o 

Celsius by 2100. 11  The metrics used consisted of two: a) ñthe proportion of species 

losing >50% of their current climatically determined range, providing a broad-brush 

indicator of biodiversity range 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 corresponds to 100% range loss in all species and 

gives the magnitude of range loss across all species in a taxonò.  

 

 

Results in Exhibit 2.46 below showed that if keeping warming at 1,5o Celsius 50% 

of all species exposed to a temperature range loss of > 50% would be better off.   

 

 

 

 
10 See Christopher H. Trisos, Cory Merow & Alex L.  Pigot, The Projected Timing of 

Abrupt Ecological Disruption from Change, Nature, No. 580, June 2020. 
11 See R. Warren et al., The projected effect on insects, vertebrates, and plants of 

limiting global warming to 1.5°C rather than 2°C, Science, 18. May 2018 
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Exhibit 2.46  The proportion 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, Science, 18. May 2018 

Note: (A) Invertebrates (n = 34,104), (B) Chordata (n = 12,640), (C) Plantae (n = 

73,224), (D) Insecta (n = 31,536), (E) Mammalia (n = 1769), (F) Aves (n = 7966), 

(G) Reptilia (n = 1850), and (H) Amphibia (n = 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 (temperature range) for 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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Exhibit 2.47  Projected climatically 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) Invertebrates (n = 34,104), (B) Chordata (n = 12,640), (C) Plantae (n = 

73,224), (D) Insecta (n = 31,536), (E) Mammalia (n = 1769), (F) Aves (n = 7966), 

(G) Reptilia (n = 1850), and (H) Amphibia (n = 1055). The proportion ranges from 

+1 (100% loss) to ī1 (100% gain); values <ī1 indicate more than 100% gain. X 

axes represent the 0th 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 mean 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 biodiversity loss and the climate crisis are indeed related 

to each other and that there will be far ranging effects whether or not weôre able to 

keep temperature increases below 1,5o Celsius. This conclusion pertains to all 

species. Current estimates suggests that we are not keeping it below 1,5o. 

 

 

What are the causes of the biodiversity crisis? 

 

Weôve briefly touched upon this before. Man occupies approx. 50% of the earthôs 

landmass making less room for wildlife. Especially agriculture and horticulture 

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

deprived of their habitats. Pollution, commercial fishing and hunting, land 

development and deforestation are other elements. Invasive species is yet another 

element that can lessen biodiversity. This happens when invasive species are better 

suited for competing for food and other resources and habitats than their native 

opponents. This can totally change the elements and processes of an original 

ecosystem. The best example of this is in fact human beings. The enormous success 

of the evolution of human beings is beyond comparison. Weôve eliminated habitats 

and species, weôve changed the basic mechanism of the earth, weôve exploited 

natural resources in a way no other mammals have ever done, and we might now 

even be on the path of destroying ourselves. So, the finger points towards us when 

we talk about the major cause of biodiversity loss. It is assumed that approx. 70 

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

Oyster as an example it was introduced by people from the aquaculture industry 

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 Oyster actually thrives and reproduces excellent here and the enormous growth 

potential of this species means that common mussels and stocks of the original 

oysters are being more or less wiped out. This will affect bird life too since 

formerly many seabirds fed 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 

seabirds anymore and they will vanish together with the decline in the stock of the 

common mussel. Another example would be that of the Saragossa weed that have 

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

to being heavily reduced. It is thought that ballast water from ships is the main 

driver behind this invasive species; this point to globalization as a basic force for 

inducing invasive species and loss of biodiversity.   

 

 

Consequences of the biodiversity crisis 

 

The overwhelming evidence that biodiversity is at a peril will have serious 

consequences for life on earth.  Our chances of experiencing wildlife will be 

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

new medical treatments will be less. Interactions among ecosystems and hence 

evolutionary developments will be impaired. In other words, weôre about to make 

our planet becoming a biodiversity desert. 
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BASIC ENVIRONMENTAL PROBLEMS ï RESOURCE SCARCITY 

 

Besides the climate crisis and biodiversity problems we will rate resource scarcity 

among the most fundamental environmental problems facing future generations. 

This counts for biotic as well as abiotic resources. This issue was especially 

promoted during the 1970s when the book ñLimits to Growthò emerged.  

 

 

In British Columbia, USA the salmon populations have had a wide-ranging impact 

on economics, culture, tourism etc. Alarming signals have now for a long time been 

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 enter the Frazier 

River to spawn, however only 629.000 actually came back. Similar results have 

been seen all along the West and East coast of USA. The state of the stock of 

sockeye salmon is now so dire that the authorities warn about an ñimminent threat 

of extinctionò for some populations of sockeye salmon. Other salmon species like 

the Chinook are also endangered and some of these populations can be wiped out 

within the next 10-20 years if nothing is done. However, many issues seem to 

pertain to the decline of the pacific salmons and variability as to catches and runs 

are great and still undergoing investigation.  There is, however, no doubt that the 

commercial fish farms in the nearby coastal waters are a serious threat due to the 

sea lice problem these fish are infected with. When the young salmons ï the smolts 

- enter the sea, they will also be infected when passing the commercial nets in the 

fjords and that takes a great toll on the stock of wild salmon. The example above 

dealt with a resource that in fact can be considered as renewable. The problem of 

resource scarcity also pertains to non-renewable resources like oil, gas, metals and 

other. These resources are becoming increasingly scarce and there is only one way 

for these in the future; they will be gone. Nickel for instance is important for 

manufacturing batteries and supply problems are now beginning to emerge making 

mining companies interested in mining the deep ocean for nickel. The real problem 

is the speed by which such metals are vanishing. It has taken us only 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 human beingsô existence. What do we leave for the coming 

generations in order to fulfill their aspirations? Weôve so far put our trust in 

technological developments and more intelligent and considerate use of resources 

but that might not be any way near enough to accommodate coming generations in 

the far future. Technology will not be able to replace non-renewables.    

 

 

What are the causes of resource scarcity? 

 

The answer to this question centers itself around one key issue; human 

consumption. We simply consume too much to regenerate the earthôs reproductive 

capacity. We live on an earth with finite resources and there only seems to be one 

way in the future ï consumption trends are pointing upwards and resource 

availability trends are pointing downwards. Let us have a look at the worldôs energy 

consumption to get an understanding of how such consumption patterns developed 

from 1800 to 2019 as demonstrated by Exhibit 2.48 on the next page.  
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Exhibi 2.48  The Worlds energy consumption 1800 ï 2019 in TWh 

Source: Our World in Data 

 

 

This picture very clearly tells us that we are consuming enormous amounts of 

energy and that this must be seen as an exponential increase spawned by the 

industrial revolution. Drivers of this change have been the increased population 

size, technological developments, consumption patterns and economic growth. The 

picture furthermore tells us that coal (27%), natural gas (24%) and oil (34%) still 

are primary sources when it comes to the worlds demand for energy accounting for 

approx. 85% of the worldôs energy consumption. It also shows us that renewable 

energy sources slowly have caught on during the last couple of decades. We also 

know for sure that oil and gas will be gone within the next 200-300 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 symptomatic ï our resources are in limited supply. The salmon is a 

resource that in principle is renewable. Many other resources are not. The sources 

of fossil fuels might run dry in the lifetime of our grandchildren and some crucial 

metals are now running scarce as well. The answers to the problem have been slow 

and piecemeal and it seems that politicianôs time frame is very limited and might 

even be confined to the next election period. This must be related to the outcry that 

can be heard from people living 5.000 years from now. Resource scarcity also has 

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

Australian koala is an iconic creature and the population in New South Wales has 

inhabited the state for thousands of years. However, they can be gone before 2050 



On the Brink ï testkapitel-2 

 

if nothing is done to help the population. The koala lives of eucalyptus leaves. Itôs 

the only food source they are able to eat. These leaves have provided 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 more severe and prolonged there are indications 

that the eucalyptus leaves are also changing. They do not contain as much moisture 

as before and this affects the koala.  They are now about to die due to thirst. The 

eucalyptus trees are changing due to climate change and this in turns affects the 

koala chances of survival. So, water resources when talking about the eucalyptus 

tree is about to run dry and this will affect both the eucalyptus tree and the koala 

population as well. Things are interconnected. 

 

 

Consequences of resource scarcity 
 

Consequences can be dire if basic resources are vanishing and if technology canôt 

cope with such changes ï resulting in severe hunger, production shortages, and 

eventually a real threat to human existence on earth. We must recognize that weôre 

looking into the next million years of human existence on earth and the real 

problem is what we leave for these thousands of future generations? If weôre the 

ñbig spendersò those generations will be at a disadvantage, however, this in fact 

must be the real time span to look at when talking about resource availability in the 

future. Only a generation of ñdonôt caresò will be able to cope with that aspect ï 

weôre about to become victims of our own success. Those non-renewable resources 

exploited by us will not be available for future R&D, new medicines, technological 

innovation or future consumption.   

 

 
Exhibit 2.49  Iconic animal of Australia ï the koala 
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2.5 THE EARTHS SPHERES ï  
        WHAT MAKES THE WORLD GO óROUND? 
 

 

When looking at the elements, processes and interactions in natural ecosystem we 

will describe them as parts of Earth spheres. We will see this as comprised of four 

elements: a) the atmosphere, b) the hydrosphere, c) the lithosphere and d) the 
biosphere. The Earths spheres are defined as the systems, where exchanges of 

energy and matter take place in and among the four subsystems. The biosphere is a 

label that concerns itself with all living organisms on earth ï in other words the 

inhabitants of the atmosphere, the hydrosphere and the lithosphere. Biotic  

(living/organic matter) as well as abiotic elements (inorganic matter) will be parts 

in the overall system.       

 

 

 
 

Exhibit 2.50   Earths spheres ï atmosphere, hydrosphere, lithosphere & biosphere 
 

 
A great many changes occur as natural phenomena in Earths spheres ï volcanoes 

erupt, flooding occurs, tectonic plates move, natural fires take its toll on the African 

savanna and drought can lay the land idle where it former had been a thriving and 

biodiverse place. Such things occur as parts of a natural cycle. However, a great 

many changes also occur due to human interventions, and these can have profound 

effects on nature being outside of ï and altering - the natural cycle ï cultivating 
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land, using finite resources, affecting the climate, erecting dams, building cities and 

highways, emitting harmful substances and so on. We will deliberately separate 

these two phenomena into manmade changes and natural changes. Weôve long 

surpassed nature as the primary ingredient for changes within our natural 

ecosystems.    

 

   

2.5.1 THE ATMOSPHERE 
 

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

This is the outer layer of the atmosphere that marks the difference between the earth 

and the cold, hostile outer space that surrounds us. Itôs hold in place by gravity and 

comprised of various gases. The atmosphere consists of various layers that differ 

concerning the amount of pressure, temperatures and composition of its elements 

or gaseous contents ï we have named these layers the troposphere, the 
stratosphere, the mesosphere, the thermosphere and the exosphere.  

 

 
Exhibit 2.51  Elements of the atmosphere 

 

 

The air covering the earth contains 78,084% nitrogen (N2), 20,946% oxygen (O2), 

0,934% argon (Ar), 0,041% carbon dioxide (CO2), and very small amounts of neon 

(Ne), helium (He), methane (CH4) and krypton (Kr). To this should be added water 

vapor that only exists in the lower parts of the atmosphere. This relationship is 

fairly constant up until 10.000 meters above the earthôs surface and as can be seen 
the overwhelming part of the atmosphere consists of nitrogen and oxygen 

accounting for approx. 99% 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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The exosphere is the outermost part of our atmosphere. Itôs 

comprised of atomic oxygen (O), hydrogen (H), helium (He) and 

carbon dioxide (CO2). The exosphere is about 10.000 km thick 

and when it ends outer space begins. Here at the edge between 

the earthôs gravitational pull and the suns radiation we find the 

exopause. Some have figured out that the end of the exosphere 

then is about 190.000 km (about half-way to the moon). 

Temperatures in the exosphere can range between 0o ï 1.700o. 

 

 

 

The dividing line between the thermosphere and the exosphere 

is called to thermopause. Many consider the thermosphere as 

part of outer space and the Space shuttle, satellites as well as the 

International Space Station (ISS) all orbits in the thermosphere. 

Air density is very low in the thermosphere and unlike the lower 

parts of the atmosphere the thermosphere can get extremely hot. 

Temperatures in the upper part of the thermosphere can range 

between +500o to +2000o depending on whether it is night or 

day and variations in solar activity. The components of the 

thermosphere are made up of atomic oxygen (O), atomic 

nitrogen (N) and helium (He). In the thermosphere much of the 

sunôs radiation is absorbed. 

 

In the mesosphere temperatures will drop with increasing 

altitude and can reach -90o within the so-called mesopause - the 

upper part of the mesosphere. This is the coldest part of the 

earthôs atmosphere. The mesosphere is dry, however clouds can 

form ï so-called noctilucent clouds. In the mesosphere incoming 

meteors mostly evaporates.    

The stratosphere is characterized as being less volatile than the 

troposphere and temperature rises when moving up through the 

stratosphere and does not contain water vapor like the 

troposphere. Itôs dry and the air is thin. Ozone (O3) is an 

important part. The upper part is the so-called stratopause.   

The air in the troposphere is the primary ingredient in shaping 

the earthôs weather and pressure and temperatures fall until they 

reach -56o when they become fairly constant. This is the outer 

layer of the troposphere called the tropopause. Heavy winds and 

the so-called Jetstream are at play in the troposphere.   

Exhibit 2.52  The atmospheric layers of the earth 

Source: Wikimedia 
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In the troposphere there is an average drop in temperatures by approx. 6,5o per 

kilometer called the environmental lapse rate. Near the stratosphere ï in the 

tropopause ï temperatures sink to above -50o. In the stratosphere the rising 

temperatures are due to the absorption of the sunôs ultraviolet radiation by the 

ozone layer. These temperatures range between averages of -51o near the 

troposphere to ï 15o near the mesosphere.    

 

 

SOLAR RADIATION 

 

The atmospheres composition is important when it comes to solar radiation. If it 

werenôt for its chemical composition all life on earth would be impossible. The so-

called ozone layer protects us from solar radiation. The sun emits energy being 

powered by its continuous nuclear fusions going on. It travels through space and 

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

light the other part is near the infra-red spectrum being invisible to our eyes ï 

please refer to Exhibit 2.53 below.  

 

 

 
Exhibit 2.53  Solar radiation 

Source: www.fondriest.com  

 

 

It is in fact just a part of the radiation we actually can see in form of colors. Others 

are outside of our ability for recognizing these wavelengths. This counts for gamma 

rays, x-rays, ultraviolet and infrared light. Basically, the earth is hit by short-wave 

radiation and will then emit long-wave radiation back into space. This equilibrium 

has constituted a general rule. Now this equilibrium is affected by increasing 

amounts of greenhouse gasses. 


