Ch 14

BIOL 100

•

Physical ma3er
• Circulated con;nually in an
ecosystem

•

Nutrient (biogeochemical) cycle
• Movement of nutrients through
ecosystems
• Pools (reservoirs)
• Where nutrients remain for
varying amounts of ;me
• Flux
• Movement of nutrients among
pools
• Can change over ;me

•

Water
• Is essen;al for biochemical reac;ons
• Involved in nearly every environmental system

•

Hydrologic cycle
• Show how liquid, gaseous, and solid water ﬂows
through the environment
• Oceans are the main reservoir
• Less than 1% is available as fresh water

•

Evapora=on

•

Transpira=on

•

Precipita=on

• Water moves from aqua;c and land systems to air
• Release of water vapor by plants
• Condensa;on of water vapor
• Rain or snow returns water from the air to Earth’s
surface
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•

Aquifers
• Underground reservoirs of sponge-like regions of rock and soil that hold …
• Groundwater
• Water found underground beneath layers of soil
• Water table
• Upper limit of groundwater held in an aquifer
• Water may be ancient (thousands of years old)

•

Damming rivers

•

Altering the surface and vegeta;on

•

Spreading water on agricultural ﬁelds

•

Overdrawing groundwater for drinking, irriga;on, industrial uses

•

Removing forests and vegeta;on

•

EmiVng pollutants

• Increases evapora;on and inﬁltra;on into aquifers

• Increases runoﬀ and erosion

• Depletes rivers, lakes, and streams and increases evapora;on

• Depletes groundwater resources

• Reduces transpira;on and lowers water tables

• Changes the nature of precipita;on
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•

Carbon cycle
• Describes routes that carbon atoms take
through the environment

•

Through photosynthesis
• Producers move carbon from the air and
water to organisms

•

Respira;on

•

Decomposi;on

• Returns carbon to the air and oceans
• Returns carbon to the sediment
• Largest reservoir of carbon
• Ul;mately, it may be converted into fossil
fuels
•

Oceans
• Second largest reservoir
• Obtain carbon from the air and organisms

•

Burning fossil fuels

•

CuVng forests and burning ﬁelds

• Moves carbon from ground to the air

• Moves carbon from organisms to the
air
•

Atmospheric carbon dioxide reservoir
• Today is the largest in the past
800,000 years
• Driving force behind climate
change
• Currently @ 401.57ppm (Oct
2016)
•

•

h3p://www.esrl.noaa.gov/gmd/ccgg/trends/

Nitrogen
• Comprises 78% of our atmosphere
• And contained in proteins, DNA, and RNA

•

Nitrogen cycle
• Describes the routes that nitrogen atoms take through the
environment
• Nitrogen gas
• Inert and cannot be used by organisms
• Needs lightning, bacteria, or human interven;on

•

Nitrogen ﬁxa=on
• Nitrogen gas is combined (ﬁxed) with hydrogen
• By nitrogen-ﬁxing bacteria or lightning to become
ammonium
• Now can be used by plants
• Nitrogen-ﬁxing bacteria live in legumes (i.e., soybeans)
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•

Nitriﬁca=on
• Bacteria convert ammonium ions
ﬁrst into nitrite ions
• NO2• Then into nitrate ions
• NO3• Plants can take up these ions

•

Animals
• Obtain nitrogen by ea;ng plants
or other animals

•

Denitrifying bacteria
• Convert nitrates in soil or water to
gaseous nitrogen
• N2
• Releasing it back into the
atmosphere

• Excess nitrogen
• Leads to hypoxia in
coastal areas
• Dead Zones

•

Synthe;c fer;lizers

•

Burning forests and fossil fuels

•

Wetland destruc;on and increased plan;ng of
legumes

• Doubled the rate of Earth’s nitrogen ﬁxa;on
• Leads to acid precipita;on

• Has increased nitrogen-rich compounds on land
and in water
•

Increased emissions of nitrogen-containing
greenhouse gases

•

Calcium and potassium in soil are washed out by
fer;lizers

•

Reduced biodiversity of plants adapted to lownitrogen soils

•

Changed estuaries and coastal ecosystems and
ﬁsheries
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Fully half of nitrogen entering the environment is of human origin.

•

Phosphorus cycle
• Describes the routes that phosphorus
atoms take through the environment
• No signiﬁcant atmospheric
component
• Most phosphorus
• Within rocks
• Released by weathering

•

With naturally low environmental
concentra;ons
• Phosphorus is a limi;ng factor for
plant growth
• Also becoming in limited supply
for fer;lizers

•

Key component for living organisms
• Cell membranes, DNA, RNA, and
other biochemical compounds

• Mining rocks for fer;lizer
• Moves phosphorus from the
soil to water systems
• Wastewater discharge
• Also releases phosphorus
• Boosts algal growth and
causes eutrophica;on
• Present in many detergents
• Should purchase phosphatefree detergents
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• Maldives Islands in the Indian Ocean
• Could be submerged by rising seas
• 80% of land lies less than 1 m (39 in)
above sea level
• Higher seas will ﬂood areas and
contaminate drinking water
• Government has already evacuated
residents
• From the lowest-lying islands
• Other island na;ons and mainland coastal
areas
• Will face similar challenges

•

Climate
• An area’s long-term atmospheric condi;ons
• Temperature, moisture content, wind, precipita;on, etc.
• Inﬂuences everything around us

•

Weather

•

Global climate change

• Condi;ons at localized sites over hours or days
• Describes trends and varia;ons in Earth’s climate
• Temperature, precipita;on, storm frequency
•

Global warming
• An increase in Earth’s average temperature
• Earth’s climate has varied naturally through ;me
• Rapid clima;c changes happening now due to human ac;vity
• Fossil fuels, combus;on, and deforesta;on
• At an unprecedented rate

climate.nasa.gov

• Three factors exert more inﬂuence on climate than all others:
• The sun — without it, the Earth would be dark and frozen
• The atmosphere — without it, the Earth’s temperature would be much
colder
• The oceans — store and transport heat and moisture
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• As Earth’s surface absorbs solar radia;on
• The surface increases in temperature
• and emits infrared radia;on
• Greenhouse gases
• Atmospheric gases that absorb infrared
radia;on
• Water vapor, ozone, carbon
dioxide, nitrous oxide, methane,
chloroﬂuorocarbons (CFCs)
• Greenhouse gases diﬀer
• In their ability to warm the
troposphere and surface

• Aker absorbing radia;on
• Greenhouse gases re-emit infrared energy
• Some energy is lost to space
• Greenhouse eﬀect
• Some energy travels back downward
• Warming the atmosphere and
planet’s surface
• Global warming poten=al
• Rela;ve ability of one molecule of a given
greenhouse gas to contribute to warming
• Expressed in rela;on to carbon dioxide
(poten;al = 1)
• Hydrochloroﬂuorocarbons are 12,000
;mes as potent as carbon dioxide

• Not the most potent greenhouse
gas
• But it is extremely abundant
• The major contributor to global
warming
• Emissions of greenhouse gases
from human ac;vi;es
• Consist mostly of carbon
dioxide

CO2 concentrations now highest
level in over 800,000 years.

7

• Using fossil fuels in homes, factories, and
automobiles
• Transfers large amounts of carbon dioxide
• From lithospheric reservoirs into the
atmosphere
• The main reason atmospheric
carbon dioxide concentra;ons have
increased so drama;cally
• Deforesta;on has contributed to rising
atmospheric CO2
• Forests serve as sinks for recently ac;ve
carbon
• Their removal reduces the biosphere’s
ability to absorb carbon dioxide from the
atmosphere

• Methane
• From fossil fuel deposits, livestock,
landﬁlls, and crops such as rice
• Nitrous oxide
• From feedlots, chemical
manufacturing plants, auto emissions,
and synthe;c nitrogen fer;lizers
• Water vapor
• Most abundant greenhouse gas and
contributes most to the greenhouse
eﬀect
• Global concentra;on has not
changed
• Not viewed as driving
industrial-age climate change

• Aerosols
• Microscopic droplets and par;cles
• May have either a warming or
cooling eﬀect
• Soot, or black carbon aerosols
• Cause warming by absorbing
solar energy
• But most cool the
atmosphere by
reﬂec;ng sun rays
• Sulfate aerosols produced by fossil fuel
combus;on
• May slow global warming
• At least in the short term
• Volcanic erup;ons reduce sunlight
reaching the earth
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• Scien;sts es;mate the inﬂuence of
factors over Earth’s energy balance
• Radia=ve forcing
• The amount of change in energy
that a given factor causes
• Posi;ve forcing warms the
surface
• Nega;ve forcing cools it
• Compared with the pre-industrial
Earth
• Today, the Earth is experiencing
radia;ve forcing of +1.6 wa3s/m2
• Enough to alter the climate

Red — positive forcing (warming)
Blue — negative forcing (cooling)

• Milankovitch cycles
• Periodic changes in Earth’s rota;on
and orbit around the Sun
• Alter the way solar radia;on is
distributed over Earth’s surface
• By modifying pa3erns of
atmospheric hea;ng
• These cycles trigger long-term
climate varia;on
• Such as periodic glacia;on

•

Solar output
• Sun varies in the radia;on it emits
• At each peak of its 11-year sunspot cycle
• The sun emits ﬂares strong enough to disrupt
satellite communica;ons
• But varia;on in solar energy has not been great
enough to change Earth’s temperature

•

Ocean absorp=on
• Oceans hold 50 ;mes more carbon than the
atmosphere
• And absorbs it from the atmosphere
• Carbon absorp;on by the oceans is slowing global
warming
• But not preven;ng it
• Warmer oceans absorb less CO2
• Because gases are less soluble in warmer
water
• Which accelerates warming
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• Ocean circula=on
• Ocean water exchanges tremendous
amounts of heat with the atmosphere
• Moves energy from place to place
• Thermohaline circula=on
• A worldwide current system
• Warmer, fresher water moves along
the surface
• carries heat to Europe
• North Atlan=c Deep Water (NADW)
• The deep por;on of the
thermohaline circula;on
• Consis;ng of denser, sal;er,
cool water that sinks and
moves deep beneath the
surface

• Interrup;ng thermohaline circula;on
• Could trigger rapid climate change
• If Greenland’s ice melts
• Freshwater runoﬀ would dilute surface waters
• Making them less dense, and stopping NADW
• Data suggest thermohaline circula;on is slowing

• El Niño-southern oscilla=on (ENSO)
•

Systema;c shik in atmospheric pressure, sea surface temperature, and
ocean circula;on in the tropical Paciﬁc Ocean

• Normally, winds blow from east to west
along the equator, from high to low
pressure
• Water “piles up” in the western
Paciﬁc
• Westward-moving surface waters
allow nutrient-rich upwelling along
the coast of Peru.

10

