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The Evolving Atmosphere
Conditions for life on Earth
[image: http://tse1.mm.bing.net/th?&id=OIP.M12af0815b503982f4a02a395d70522e2o0&w=300&h=300&c=0&pid=1.9&rs=0&p=0]
                        







Specification content

[image: ][image: ][image: ][image: ]
















Features of the Earth that created suitable conditions for life.

[image: https://i.ytimg.com/vi/JIF13tppRCs/hqdefault.jpg]The physical features of Earth made it suitable for the development of life by controlling the abiotic factors that are needed by living things.  The Earth was formed 4.6 billion years ago as gravity pulled rock fragments in space together.  Below is a table that summarises the features of the structure position and behaviour of Earth the made the development of life possible.

	Mass
	



	Atmosphere
	



	Distance from sun
	



	Axis of rotation
	



	Speed of rotation
	



	Magnetosphere
	





Development of life on Earth

After the formation of Earth conditions became suitable for life to develop.  The following features made Earth suitable for the development of life.

1. Presence of liquid water
2. Temperature range
3. The atmosphere
4. Solar insolation

These are controlled by features of the planet itself and by its position in the solar system.

Presence of liquid water

Liquid water enables living organisms to survive on Earth.  All living things require water for survival as it performs essential physiological functions and controls many environmental conditions
[image: ]
These functions and properties include:
· Universal solvent
· Transport within organisms
· Temperature control
· Anomalous expansion on freezing
· High specific hear capacity
· Aquatic habitats – oceans, seas, lakes, marshes
· Absorption of UV radiation
[image: ]
Structure of water

· Water is a POLAR molecule (hydrogen is slightly positive and oxygen slightly negative in charge)
· So, water molecules attract each other and form hydrogen bonds between each other.
· The hydrogen bond give water a higher boiling point so, water is a liquid at normal environmental temperatures.
· Hydrogen bonds are continually forming and breaking. If a single water molecule is at the water surface, then it may escape as a molecule of water vapour. This allows water to evaporate and turn to gas without having to be heated to its boiling point.

Properties of water circus analysis

STATION 1 – Water is the universal solvent. 
Comprehension questions
1. Define mixture. 


2. Define solvent. 


3. Why is water considered the greatest solvent on Earth?


Analysis questions
1. Describe and explain the appearance of the test tube with oil and salt. 


2. Describe and explain the appearance of the test tube with water and salt. 


3. Up to 60% of living organisms are made up of water. Describe the significance of water being a universal solvent.




STATION 2 – Anomalous expansion of water
Comprehension questions
1. Why can solid ice float on liquid water? 



2. When a lake freezes, how does the density of water prevent all of the living organisms in the lake from freezing as well? 




Analysis question
1. Imagine a world where ice was more dense than liquid water. What would this world be like? What would the consequences be for life in your local freshwater streams and lakes?





STATION 3 – Strong surface tension and cohesion 
Comprehension questions
1. What is cohesion?



2. How does water hold up materials that is heavier than itself? 



3. What property of water gives it a high surface tension? 



Analysis questions
1. What property of water allows the paper clips to be attracted to the plain water? 


2. Explain why this property of water is essential for organisms like water bugs.




STATION 4 – High specific heat capacity 
Comprehension questions
1.  Define high specific heat capacity.



2.  How does a high specific heat capacity enable fish to survive?



Analysis questions
1. What was the temperature of the water and sand in the experiment?


2.  What do the results tell you about the specific heat capacity of sand?



3. If water had a low specific heat capacity what would happen to aquatic organisms?




Other Water Properties

Temperature control
· Water has a high latent hear of vaporisation.  This means, evaporation of water absorbs heat, causing temperature to decline.  This can help the cooling of animals e.g., sweating in humans, panting in dogs 

Absorption of UV radiation
· Before the ozone layer developed, water absorbed UV radiation and protected aquatic animals.


Temperature range

· Most areas of Earth have temperatures between 0oC and 35oC.   
· This ensures that there is enough liquid water for organisms to use.  Also, proteins such as enzymes that catalyse reactions within living organisms do not denature.


Atmospheric gases

· Water vapour will contribute to the water cycle
· Oxygen and carbon dioxide allow aerobic respiration and photosynthesis respectively. 
· Nitrogen is used for protein synthesis

Solar insolation

Insolation is the term used to describe the amount and duration of incoming solar radiation.  Sunlight provides the energy for photosynthesis.  The heat produced by the absorption of sunlight provides the energy to drive the water cycle and warms the Earth’s surface and the oceans



How life has changed the Earth

	Early Atmosphere 
	Today’s Atmosphere 

	Major Gases:
Carbon Dioxide (86 %)
Ammonia (10 %)
Methane (4 %)
Minor Gases:
Nitrogen (< 1%)
Water Vapour
	Major Gases:
Nitrogen (78 %)
Oxygen (21 %)
Noble Gases (1%)
Minor Gases:
Carbon Dioxide (0.04%)
Methane (< 1%)
Ozone 
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Evolution of the Earth
On the page below construct a timeline outlining the main events that have occurred in Earths evolution. 






Timeline showing the main events of the evolution of earth

Today



	0.5 bya



1.0 bya



1.5 bya



2.0 bya



2.5 bya



3.0 bya



3.5 bya



4.0 bya



4.6 billion years ago


How life on Earth brought about changes in environmental conditions

All processes on Earth are interconnected.  The conditions that are seen on Earth today are a result of lots of natural processes that are in a dynamic equilibrium.  In a dynamic system there are lots of fluctuations, but an overall balance is maintained.

Explain what dynamic equilibrium means.



In the table below, summarise the changes that life on Earth have brought to the environmental conditions.

	Oxygen production
	





	Ozone layer
	





	Carbon sequestration
	





	Biogeochemical cycles
	





	Water cycle
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Monitoring conditions on Earth:  Past and Present
Research task:  In the boxes provided, complete the information to explain which conditions are measured and how this is done.
[image: https://tse3.mm.bing.net/th?id=OIP.xmIh5JFCEbjwy54Oep-tUgEsDI&pid=15.1&P=0&w=262&h=175]Historical records from when humans evolved include written accounts of droughts, floods, especially frigid winters, unusually hot summers, and storms as well as timing and quality of harvests and timing of seasonal changes. Such accounts lack the numerical precision of modern instrumental records but span a much longer period of time.

Proxy data – explain what this means.







Dendrochronology 
 


Monitoring conditions on Earth from the past




Fossil pollen



Ice core analysis



The thickness of an ice layer 


· Air pockets 

 

[image: pollen timeline]

Sediments from lakes beds and seafloors 











[image: http://discoveringantarctica.org.uk/wp-content/uploads/2015/11/ice_core_extraction.jpg]





The past 140 years we have relatively precise, quantitative, direct measures of climate such as temperature, precipitation, and wind speeds.  

Improved methods of ice core analysis.  Gas and isotope analysis of ice cores.
Beryllium-10 concentrations:


The ratio of concentrations of two isotopes of oxygen: 


[image: An illustration showing how a yellow argofloat sinks to the bottom of the ocean while floating with the current.]


Monitoring conditions on Earth today





Argo floats.


[image: Gaofen-2 Satellite Sensor]Satellites.  Hundreds of climate satellites send data to organisations such as the World Meteorological Organisation, NASA, NOAA and elsewhere that drive climate change modelling.






Specific example of a satellite and how it works.



[image: A photo of the North Pole showing the extent of sea ice in the summer of 1983.]This satellite images show how much less summer sea ice there was in 2007 compared with the amount in 1983. 





[image: A photo of the North Pole showing the extent of sea ice in the summer of 2007.]Atmospheric measurements.  Baseline air pollution stations around the world (Cape Grim in Tasmania, Mauna Loa Observatory in Hawaii) 
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Changes in monitoring methods have allowed scientists to access more accurate estimations of past conditions on Earth.

Limitations of early methods:		

• Lack of ancient historical data.
• Limited reliability of proxy data for ancient conditions.
• Limited coordination between researchers.
• Lack of sophisticated equipment for accurate measurements.
• Inability to measure many factors.
• Lack of data collection in many areas.
• Reliance on proxy data, e.g., dendrochronology, pollen analysis.

Improved methods:

• Collection of long-term data sets.
• The use of electronic monitoring equipment.
• Gas analysis of ice cores.
• Isotope analysis of ice cores.
• Improved carriers for monitoring equipment, e.g., helium balloons, aircraft, satellites.
  


















Glossary of terms
	Atmosphere
	

	Abiotic factors
	

	Archaea
	

	Anomalous expansion
	

	Carbon sequestration
	

	Specific heat capacity
	

	Ozone
	

	Insolation
	

	Dynamic equilibrium
	

	Transpiration
	

	Magnetosphere
	

	Biogeochemical cycle
	




Conditions for Life on Earth Exam Question 1
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3.1.1.1 How the main conditions, which allowed early e to develop and survive on

planet Earth, came about

‘Students shouid understand how the conditions on planet Earth allowed early Ife to develop and

Content ‘Additional information

Atmosphere  The mass of Earth and force of gravity etained an
tmosphere.
The atmosphere provided gaseous resources: carbon
 doxide, methane, nitrogen.
| Atmospheric pressure and temperature maintained
iquid water.

Insolation A suitable temperature range was controled by

incoming insolaon and is behaviour in the
atmosphere. This was conirolled by the surface:
albedo, absorpton of nfrared energy and the
presence of the afmosphere.
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Position n the solar system Suitable temperatures were maintained by the.
istance from the Sun.

Orbital behaviour [ The rotation and tt of the Earth on fs axis and s
it around the Sun, controlled daily and seasonal
variations in insolation and temperaiures.

Magnetosphere [ The magnetosphere provides protection from

radiaton: the Eari's mlten core produced a
magnetic field (magnetosphere) that deflects solar
radiaton.
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3.1.1.2 How the presence of life on Earth has brought about environmental change
How biota have helped to maintain stably.

Content Additional information

Oxygen production | Oxygen was first produced by photosynthetic bacteria,
hen by algae and plants.

Ozone layer | 0z0ne was produced by chemical reactions invohing

oxygen and ulravioiet light inthe stratosphere.

Carbon sequesiration  Atmospheric carbon dioxide concentrations were
reduced by photoatotrophs.

Biogeochermical cycles [The processes of bogeochemicalcyces areinked by
ning organisms, preventing the bucup of waste
products or shorages ofresources.

3.1.1.3 How historical conditions for life were monitored in the past and how these
‘methods have been developed over time.

‘Students should understand how changes in monitoring methods have allowed more accurate
estimation of past conditions on Earth.

Content ‘Additional information

Limitations of earty methods. - Lack of ancient hstoricaldata.
- Limited reliabilty of proxy data for ancient

conditons.

- Limited coordination between researchers.

+ Lack of sophisticated equipment for accurate.
measurements.

- Inabilty to measure many factors.

- Lack of data collection in many areas.

+ Reliance on proxy data, eg dendrochronology.
pollen analysi.
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Collection of long-term data sets.
“The use of lectronic monitoring equipment.
‘Gas analysis of ce cores.

Isolope analysis ofice cores.

Improved carrers for monitoring equipment, eg
helium balloons, aircraf, satelites.
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1 The table describes some of the conditions necessary for the evolution of complex life on

Earth.

Complete the table by selecting the appropriate letter from the list below.

Availability of liquid water
Appropriate temperature range
Light

Atmospheric oxygen
Stratospheric ozone
Atmospheric CO,

TEOO® >

Reason why condition is necessary

Condition

solvent for the chemical reactions needed for life

A

absorbs biologically harmful UV radiation

provides an energy source for photosynthes

allows efficient enzyme reactions

allows acrobic respiration

helps control the Greenhouse Effect

(5 marks)
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1 Suggest how the evolution of green plants may have led to a reduction in the amount of
solar radiation reaching the Earth’s surface.

" (3 marks)
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3 The diagram shows some of the carly stages in the development of life on Earth.

Ozone layer develops and protects
organisms from harmful UV rays

Autotrophs
evolved —* Xreleased

More efficient respiration possible

3 (1) What gas is represented by X?

3 (b) Explainwhy more efficient respiration was possible.

3 () Explain why ultraviolet (UV) radiation is harmful o organisms.
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1 (a) Giveareason why each of the following properties of water is important to living

organisms.

Good solvent

Importance to

Tee is less dense than
liquid water

Transparent

1 (b) Explain why the temperature range found on Earth is suitable for the survival of Ii

organisms.

(3 marks)

(2 marks)
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3 (d) Other than suitable ambient gases and types of radiation, state and explain one
other condition on Earth that permits the existence and continued support of living
organisms.

Condition

Explanation ..

2 marks)
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