Topic 1: Systems and Models
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1.1.1

A system: is an assemblage of parts, working together, forming a functioning whole.
A Systems approach views the environment as sets of components that function together and form integrated units. Social and economic systems include the legal, financial and bureaucratic frameworks that make them work. The environmental value system that you hold consists of your opinions on the environment and how you evaluate it. 
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1.1.2
Systems can exist at different levels, from small-scale ecosystems to more complex biomes to the most complex, a global ecosystem (viewing the planet as one functioning ecosystem-Gaia model). At an ecosystem level the inputs and outputs, flows and storages are limited. At a larger scale like a biome more inputs and outputs, flows and storages exist. The more complex the system the more stable it is as it is able to resist or adapt to changes more efficiently. If one pathway is disrupted another one can take its place. 
[image: image1.emf]The Gaia model views the planet as a living and functioning whole. Within this system changes occur however overall conditions remain fairly constant. In 1979 James Lovelock published his “Gaia hypothesis”. He argued that the biosphere keeps the composition of the atmosphere within certain boundaries using negative feedback mechanisms. He also later stated that the Earth is like an “old lady” more than halfway through its existence and not so able to bounce back from changes. He suggested that we are entering a phase of positive feedback where the previously stable equilibrium will become unstable and shift to a new hotter equilibrium state. 
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1.1.3

Open System: exchanges matter and energy with its surroundings. Most living systems are open systems. An ecosystem or biome is an open system.
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Closed System: exchanges energy but not matter with its environment. Closed systems do not exist naturally but the planet can be viewed as a closed system (refer to Gaia model). Biosphere 11 experiment see pg 73.
Isolated System: exchanges neither matter nor energy with its environment. No such system exists.
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1.1.4
First Law of Thermodynamics: states that energy is neither created nor destroyed. The amount of energy within a system is constant the form of the energy however changes. In a food chain producers transform light energy from the sun into chemical energy which is then consumed and transferred to other organisms until eventually dead organism are broken down by decomposers and nutrients are returned to the soil. Energy is lost as heat to the atmosphere during this process but is not lost to the system. 
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Second Law of Thermodynamics: states that the entropy of an isolated system not in equilibrium will tend to increase over time. When energy conversions take place they are not 100% efficient and some energy is wasted as heat energy. For example within any food web the amount of energy that is found in the producers is much more than that found in the top carnivores (tertiary etc…). As energy is transferred and transformed from one organism to the next (moves up the trophic levels) energy is lost as heat.  
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1.1.5.
Equilibrium is the tendency of the system to return to an original state following a disturbance. At equilibrium a state of balance exists among the components of the system. Open systems tend to exist in a state of balance or equilibrium. Equilibrium does not mean that the system is not changing, change does exist but within limits. 

Steady state equilibrium: there are continuous inputs and outputs of energy and matter but the system remains more or less at a constant state. There are no long-term changes but there are small fluctuations in the short term 

Static equilibrium: there is no change over time. When a static equilibrium is disturbed then a new equilibrium is adopted. 

The stability of a system is controlled by negative and positive feedback mechanisms. See below. 
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1.1.6
Systems are continually affected by information from inside and outside the system. This feedback allows a system to respond to stimuli form the environment and change or adapt accordingly. 

Positive feedback: results in the further increase or decrease in the output and results in the system becoming more unstable or moving to a new equilibrium.  See Fig. 4.21 Pg 81
Negative feedback: tends to neutralise or counteract any movement from the equilibrium. It results in self-regulation of the system.
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1.1.7
See definitions above

Transfers can involve:

· The movement of material through living organisms (carnivores eating other animals)

· The movement of material in a non-living process (water being carried by a stream)

· The movement of energy (ocean currents transferring heat)

Transformations can involve:

· Matter to matter (soluble glucose converted to insoluble starch).

· Energy to energy (light converted to heat by radiating surfaces).

· Matter to energy (burning of fossil fuels)

· Energy to matter (photosynthesis – sunlight, carbon dioxide and water transformed into starch and oxygen)
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1.1.8
Energy and matter flow (as inputs or outputs) through an ecosystem, but can be stored within an ecosystem as well. Energy flows in a food chain between different organisms however, it is also stored within each organism as chemical energy (food) which that organism then uses for its life processes. 
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See also Fig. 4.25 Pg 84
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1.1.9
See model Fig. 4.25 Pg 84 and water cycle below.
[image: image15.png]melting
ice caps.
and

glaciers

N

Surface.
runoftyy

Surface runoff

!

erecpraton
b cuapouraton
ks, -
s and
Srears erecpraton
hnsorped
e oo

infiltration
into soil

|

Oceans





[image: image16.emf]
1.1.10
Models assist us in predicting how systems may or may not react. Obviously this is not always accurate but with greater understanding comes better more accurate models. 
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