Natural to Human Systems



Key terms

* Openvs Closed systems

* Biogeochemical cycles
Feedbacks

* Positive vs Negative
Nitrification
Greenhouse Gases (GHG)
Photosynthesis
Ocean acidification

Box models
* Sink, stock, inflow, outflow




Room temp




System Types

* Open - A system that

exchanges material and
energy with its
surroundings.

* Sun’s energy
e Some is absorbed/received
e Some is reflected

°* Closed —Most of the Earth’s

material is continuously
recycled.

* Mass/material is neither gained
or lost just changed.

* Rock and Water cycles



Basic System Structure
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FIGURE 10.4a  Stock and Flow Diagram of Water in a Bathtub  
(a) We can increase, decrease, or keep the stock of water in a bathtub steady by adjusting the faucets (inflow) and drain (outflow). 



Heating or Cooling a room

Heat from furnace Indoor Heat to outside
| temperature | >
Inflow (stock) QOutflow

Balancing
feedback

Thermostat reads discrepancy between
its setting and the indoor temperature
and signals furnace to adjust accordingly.
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FIGURE 10.5  Biosphere 2 by Design  
This stock and flow diagram shows how Biosphere 2 was designed to function. Stocks of O2 would be converted to balancing stocks of CO2 by such sources as animals, plants, and soil microbes and then converted back to O2 by photosynthesizers.
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FIGURE 10.6  Biosphere 2 Actual Function  
Three factors contributed to the declining oxygen levels in Biosphere 2. Notice the increasing thickness of the O2 outflow arrow moving through soil microbes. This represents the fact that the microbes were consuming much more O2 (and expelling more CO2) than the designers anticipated. Also notice the stock of calcium carbonate (CaCO3). This shows that a significant amount of the oxygen in CO2 was getting locked up in the concrete structure. Finally, notice the reflected sunbeams. Less sunlight than anticipated was penetrating the structure, which decreased O2 production from photosynthesis.



System Interactions

Solar Radiation -
Exothermic

Atmosphere
Hydrosphere
Biosphere
Lithosphere

Earth’s Hot Core -
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Most of Earth’s oxygen is stored in the lithosphere
as minerals and is unavailable for biological
activity. Chemical weathering processes such as
rusting move oxygen from the atmosphere into
these minerals in the lithosphere.

Calcium carbonate (CaCO3)
shells of marine organisms
are fransformed into

limestone.
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FIGURE 10.11  The Oxygen Cycle  
Oxygen cycles between Earth’s atmosphere, hydrosphere, biosphere, and lithosphere.
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FIGURE 10.12  Limestone Formation Returns Oxygen to the Lithosphere  �Iimestone is made of the bodies of breathing organisms that incorporated oxygen into their calcium carbonate (CaCO3) shells.
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Phosphorus

Dead organic
matter and waste
are decomposed by
microorganisms,
making phosphorus
available again in
the soil.

Phosphate in fertilizers
and animal waste is
carried into water
bodies by runoff.

Phosphate ions
dissolved in water Decomposers release

are available to phosphorus from

marine organisms. [ /4 . dead organic matter
g and waste.

e

Dead organic matter in _— = N e o
marine sediment is buried S e
and compacted into rock. L

Phosphate minerals are uplifted
slowly by geologic processes.

Use:
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FIGURE 10.13  The Phosphorus Cycle  �Phosphorus cycles only between the lithosphere, hydrosphere, and biosphere, because on Earth it has no gaseous phase and therefore does not cycle through the atmosphere.
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FIGURE 10.14  Phosphorus Mines  
Phosphorus for agricultural and industrial uses is extracted from mining phosphate minerals—as at this mining site in Bone Valley, Florida. Millions of years ago, Bone Valley was underwater and accumulated deposits that left it rich in nutrients. It is part of an area known as the Central Florida phosphate district.
 



“If you cannot grow it, You have to mine it”

Crlni'ger Koho/Shutté‘rstock

Oticki/Shutterstock
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SUSTAINABILITY MATTERS
We Are Flushing Phosphorus Down the Drain, but Can We Reclaim It?
Humans excrete phosphorus in our waste. This valuable mineral can be captured in wastewater treatment plants and used as fertilizer.
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FIGURE 10.15  The Nitrogen Cycle  
Free nitrogen in the atmosphere must be converted to biologically available nitrogen compounds through nitrogen fixation before it can travel through the nitrogen cycle.



Nitrogen Conversion Processes

)
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FIGURE 10.16  Nitrogen Conversion Processes  
(a) Lightning strikes trigger reactions that produce, or “fix,” nitrate ions from N2 molecules in the air. These fall to Earth in precipitation. 
(b) Bacteria-filled nodules often found in legumes such as these runner beans fix nitrogen from the atmosphere to produce ammonia, a chemical that can be used by plants. 
(c) Bacterial and fungal decomposers break down nitrogen compounds in animal waste and dead plant and animal matter. 
(d) Under the right conditions—often wet and muddy conditions in agricultural areas—nitrogen in the soil can be transformed by bacteria back to N2 and released into the air.
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FIGURE 10.17  Dead Zone  
Eutrophication from fertilizer runoff creates a seasonal dead zone where the Mississippi River empties into the Gulf of Mexico. Bottom oxygen refers to oxygen levels in the water just above the seafloor. Levels less than 2 mg/L cannot support any animals, and levels from 2–5 mg/L cannot support most animals. 
Adapted from NOAA (2021).
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Lynn Betts, USDA 'Nattglral Resources Conservéﬂion Service
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SUSTAINABILITY
Reducing Fertilizer Pollution



Bioreactors
What is a “Typical” Woodchip Bioreactor?

Nitrate (NO;y)



When animals eat plants (or other animals) for | C a rbo n

. energy and to build and maintain bodily structure, ! Cellular respiration from
| the process of cellular resplranorj gwef Of_f CO,. plants also emits CO, ‘ :yc le
CO, from |

CO, from the atmosphere
taken in by photosynthesis

cellular
respiration

| Plants use ' CO, absorbed
photosynthesis to by oceans

pull CO, out of the
air and convert it

% to sugar and O,.

Respiration from
organisms consuming
plants or animals in the
ocean gives off CO,.

Use -
Respiration
and Energy

Photosynthesis by
ocean organisms uses
carbon from CO, or
carbonate in the water.

When animals and plants die, decomposers
such as bacteria, fungi, and worms give off
CO, as they feed on the dead matter.
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FIGURE 10.19  Carbon in the Biosphere  
Carbon moves through the biosphere as plants and other photosynthesizing organisms absorb and convert CO2 into sugars and as plants, animals, and microorganisms conduct respiration that emits CO2.



Methanogens-
Mirco-organisms

Mass of Methane Emitted Annually Moving Carbon
that convert C to
Methane (CH,) in
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FIGURE 10.20  Methane Production by Common Farm Animals per Year  
Farm animals are major sources of methane, which is produced by methanogens in their guts that digest cellulose. The more farm animals there are, the more methane is released into the air. kg = kilograms.



GHG emissions (Gt of CO,/yr)

These numbers
indicate the
percentage

that each gas
makes up of total
GHG emissions in
1970, 1990, 2010,
and 2019.
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FIGURE 10.21  Total Annual Anthropogenic Greenhouse Gas Emissions by Gas, 1970–2019  
Anthropogenic (human-caused) greenhouse gas (GHG) emissions have been increasing steadily in recent decades. CO2 from fossil fuel use and industry has been the biggest contributor to this increase. Gt = gigaton.
Graph adapted from IPCC (2022).



Greenhouse Gases (GHG)

* Carbon Dioxide CO,
* Methane CH,

* Nitrous oxide N,O

* Water vapor H20,,

* Fluorinated gas synthetic gases
hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), sulfur
hexafluoride (SFy), and nitrogen
trifluoride (NF;).

Positive Feedback
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AT A GLANCE
The Carbon Cycle: It’s a Carbon-Based World



Antarctica

Ocean thermohaline circulation involves sinking of cold, salty water at the poles (shown
in blue). This sinking water produces deep cold currents and shallow warm surface currents
(shown in red).
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FIGURE 10.23  Stock and Flow Diagram of Carbon Cycle  
Numbers are in gigatons of carbon (GtC) in the reservoirs and GtC/year in the flows.






Room temp VS. Onice




Methane Methane Gas

Qil slick on Qil slick on
sea surface sea surface

Microorganisms g
Q
O

g —
Bubble bursts
....................... anddjmm Gﬂ .- b

w FEWREE

mimrgasﬁs
(CO, + H,0 — CH, + CHO)

U



" Thelceberg p—
A tool for guiding systems thinking Syste m S

Thinking

What occurfed"
A dead zone formed in the Gulf of Mexico.

Patterns/trends
Whar long-term patterns have been ob&ewed?
The dead zdﬁe forms every spring when fertilizer runoff washes into the

@;}:If from the Mississippi River.
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FIGURE 10.24  Iceberg Model for Systems Thinking  
What additional factors could be considered at each level below the “water”?
Adapted from Northwest Earth Institute (n.d.).
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