Energy Flux through
Ecosystems
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TABLE 1.2 Geologic Time with Important Events
ane - True Scale
. Million Years Events Million Years ey
Era| Period Epoch before Present before Present|(Million Years
Life Earth before Present)
Holocene e Extinction event AAA A .
Quaternary A ® Medern humans Ice Formation of
Pleistocens Age Transverse Ranges, CA
K] 5 6 e Early humans ¥ i
= Pliocene : : Y ; _
o 52 Formation of Andes Mountains
= Mioccene i : , 4
S ) : 23 e Crasses —— Collision of India with Asia
Tertiary Oligocene 54 ® ‘Whales forming Himalayan Mountains and
Eccene e Extinction event Y Tibetan Plateau
56 s Mammals expand
Paleocene Rocky Mountains form
&5 - &S5
c Dinosaur extinction!, extinction event
retacecus E
VAs ® Flowering plants —— Emplacement of Sierra Nevada
‘E Y Granites [Yosemite National Park)
o .
e Jurassic & Bitds
% 202 ® Supercontinent Pangaea
s e Mammals begins to break up
rassic s Dinosaurs
251 — 251
ParTAG e Extinction event ® lce Age
200 e Reptiles
. Carbeonifercus i e Tregs [f:cn:ﬂ swamps)
.E Devonian R Exlictionovaor Appalachian Mountains form
s — 416
E Silurian s Land plants
A44 ® Extinction event
Ordovician .
A88 e Fish
Cambrian : ; :
542 ® Explosion of organisms with shells 547
®* Multicelled organisms ® lcefgo
2500 e Free oxygen in atmosphere and
_E ozone layer in stratosphere e Ice Age
'E 3500 ® Primitive life (first fossils)
o
£ 4000
= ® Oldest rocks
44600 ® Age of Earth 4600 46500
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non-avian dinosaurs

Triassic: 70-75%
of all species

Permian: 90-95%
of all species

Devonian: At least
70% of all species

Ordovician: 60-70%
of all species

Cretaceous: 70-75% of
all species including all

Mass Extinctions
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Earth — A System

Components

* Atmosphere
* Hydrosphere
* Biosphere

* Lithosphere

Anthropogenic
manipulation

"

~

/

Systems contain components
that mutually adjust, so that
changes in one part of the
system bring about changes to
other parts.



Earth System Types

* Open — A system that * Closed — Most of the Earth’s
exchanges material and material is continuously recycled.
energy with its surroundings. * Mass/material is neither gained or

* Sun’s energy lost just changed.

e Some is absorbed/received * Rock and Water cycles

e Some is reflected



Plate tectonics

* Geologic time/movements
* 2to 20cm per year

* Major changes
e Continent to ocean basin position
* Ocean currents

* Potential increased earthquake
volcanoes

1999 PALECMAR Proecl



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).




. . Pools and Fluxes

atmospherlc moisture .

over ocean 4 e On Earth, water can be fresh, saline, or a mixof both.
L |7 ‘ Pools are places where water is stered, like the ocean.

. — * atmospherlc e —_ Fluxes are the ways that water moves between pools, such
. over land

as evaporation | H precipitation |} , discharge M,
transport of moisture .&

recharge /{ \, orhuman use)
from ocean to land :, i

See wirw.usgs.gov/water-cycle for definitions.
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AT A GLANCE

The Earth's Biomes

Biomes are geographic areas with similar types of biological communities and ecosystems.
Terrestrial biomes are categorized by characteristic vegetation, which is related to the
temperature and precipitation of the region. This map of Earth shows the locations

of the nine major biomes, coded by color. The opposite page provides brief profiles of each.

Tundra

Taiga or Boreal
Temperate Rain Forests
Temperate Deciduous Forests

Temperate Grasslands

Deserts

Woodlands & Shrublands

Tropical Rain Forests

Tropical Deciduous
Forests & Savannas
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Biome Conditions

This graph shows the range

of average annual temperatures
and precipitation for each biome.

Adapted from Whittaker (1975).

Woodlands & Shrublands

Tundra

The coldest biome, it receives very
little precipitation. It is characterized
by permanently frozen soil, or perma-
frost, and treeless expanses populat-
ed by mosses, lichens, and low shrubs.

B ool
Temperate Deciduous Forests
Covering much of eastern North
America and western Europe, they are
dominated by trees that lose their
leaves seasonally, like maples, oaks,
and birches.

Called chaparral in North America,
these experience mild, moist winters
and summer droughts. Drought-resis-
tant shrubs and small trees, like

eucalyptus and acacia, characterize
them.

Taiga or Boreal

These cool, wet forests located
between 50° N and 60° N contain
stands of relatively short coniferous
trees, like spruces and firs.

e
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Temperate Grasslands

Often called prairies, they sweep
across the midwestern United
States. Low levels of precipitation
limit tree growth, so grasses domi-
nate.

Tropical Rain Forests

These span the equator, where high
temperatures and heavy rainfall
support a high diversity of plant

species. Taller trees form a canopy,
and shorter plants tangle in an under-
story below.

Temperate Rain Forests

Common along the Pacific Northwest
coast of North America, they receive
lots of precipitation and support large
trees like Douglas firs and redwoods,
with abundant ferns below.

Deserts

Plants here, like short juniper or cacti,
are adapted to the low precipitation
and high evaporation rates by deep
roots and/or the ability to store water.

s Sy R T\
Tropical Deciduous Forests & Savannas
These are located beyond 10° N to 10°
S and experience a dry season. Trees
typically lose their leaves during this
season of low precipitation. Savannas
are grasslands with scattered trees
and shrubs.




Species richness

The tropics tend to have more species richness than do other areas of the
globe. For example, the tropical Amazon rain forest in South America is
estimated to host nearly 1in 10 of all the planet’s species—including at
least 40,000 plant species, 1,300 bird species, and 3,000 fish species.

Map adapted from https://biodiversitymapping.org/wordpress/index.php/home/. Data from
IUCN RedList and BirdLife International: http://datazone.birdlife.org/species/requestdis.
Reprinted by permission of Clinton N. Jenkins, Instituto de Pesquisas Ecoldgicas and by

permission of BirdLife International and IUCN



Energy through Systems Ecosystems

Environments
Landscapes
Characterizing, modeling, interpreting Earth System requires...
1. Calculating energy and mass balance ‘budgets’

2. Quantifying changes in energy sources

a. Intensities
b. Distributions



3. An understanding of the Earth’s oceans! They are very important in
understanding energy distribution, storage, and transfer throughout all
systems.

4. Recognize and account for humanity’s ability to concentrate energy

and power (energy per unit of time)
| Grazing o
Chain

Herbivore
Plant
— Dead harbivore

Dead top predator

Dead plant matter .

- ‘r
decomposer
Decomposed material taken

by plants as nutrients

. Predator Detrltus Food
Chain
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: : : James
Gaia Hypothesis — Earth as an organism | Jvelock

1. Life significantly affects
planetary environments.

2. Life affects environments
for the planets betterment.

3. Life deliberately OR
consciously controls the
global environment.
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Life, water, land & change

 Habitat
 Natural selection
* Adaptive radiation

* Evolution
* Misconceptions

1. Geospiza magnirostris. 2. Geospiza fortis.
3. Geospiza parvula. 4, Certhidea olivacea.

Pacific Ocean

S Galapagos ©
Islands

(left): Classic Image/Alamy Stock Photo; (top right): MichaelGrant/Alamy Stock Photo; (top center): David Kennedy/Alamy Stock Photo;

(bottom center): Michelle Gilders/Alamy Stock Photo; (bottom): Rich Reid/Alamy Stock Photo




BiOdive rSity Indicators of

environmental health

Of species AND
within species -
- 7 ,f/ . T
' / ~» Genetic ™ . .
e ., t T - diversity Number of species in an
.,:m: - - 0 " LA | " . .
Syrve> O i environment or ecological
o~ ' ) .
community.
W Species

5@ diversity

Community/

ecosystem diversity = ¥

Richness



Geology’s influence in Biodiversity

Small scale Large scale
Minerals available to Plate tectonics to ocean
soil development bathometry and currents
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TROPHIC CASCADE TROPHIC CASCADE TROPHIC CASCADE
MODEL WITHOUT WOLVES WITH WOLVES

Biodiversity’s -

Wolves absent Wolves restored
role in Geology '
ub - e
: Elk browse woody Elk foraging and movement
KeyStO n e S p e C I e S - species unimpeded patterns adjust to predation risk

by predation risk

Two or more l l
O rga n i S m S i nte ra Cti n g l Decreased recruitment of Increased recruitment of

. woody browse species woody browse species
in complex ways that L (aspen, cottonwood, /
ants willow, and others) l \

affect other organism j | \

a n d t h e | r Loss of Loss of  Loss of food web Recovery Recolonization Recovery of food
riparian beavers support for aquatic, of riparian of beavers web support for

T functi ian, and othi funct tic, avian,
environments l l A o 1 l S

Other Channel incision and widening, loss of Channels stabilize, recovery of
ecosystem wetlands, loss of hydrologic connectivity wetlands and hydrologic
responses between streams and floodplains connectivity



Yellowstone
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Human
nopulation

As the population grows
exponentially, so does the
amount of food required to

feed the additional people.

Quantity of food

Time

Food
required

Food
produced

Graph adapted from Malthus (1798)

According to Malthus,
because food production
does not grow exponentially,
it eventually cannot keep up
with the food required by
the rapidly expanding
population.

GL Archive/Alamy Stock Photo



TABLE1.3 How We Became 6 Billion heading to 8+ billion 2
40,000-9,000 .c.: Hunters and Gatherers

Population density about 1 person per 100 km? of habitable areas;" total population probably less than a few million;
average annual growth rate less than 0.0001% (doubling time about 700,000 years)

9,000 8.¢.-A.D. 1600: Preindustrial Agricultural

Population density about 1 person per 3 km? of habitable areas (about 300 times that of the hunter and gatherer period);
total population about 500 million; average annual growth rate about 0.03% (doubling time about 2,300 years)

A.D. 1600-1800: Early Industrial

Population density about 7 persons per 1 km? of habitable areas; total population by 1800 about 1 billion; annual
growth rate about 0.1% (doubling time about 700 years)

A.D. 1800-2000: Modern

Population density about 40 persons per 1 km?; total population in 2000 about 6.1 billion; annual growth rate at 2000
about 1.4% (doubling time about 50 years)



Societal Collapses

* Over consumption of resources

* Changing environmental
conditions

* Social conflicts
* Tragedy of the Commons




Global Population:
Past, Present, and Future United Nations Population Projections for 2100

UN estimates of future population growth (high, middle, and
For most of human history, the number of humans on Earth was relatively low) depend on assumptions made about the empowerment

small and steady, totaling well below 1 billion—a threshold that was not and health of women and girls that will affect fertility rates
crossed until 1804. In recent centuries, and particularly in the last century, ’

our population has skyrocketed. While the rate of population growth is
slowing, future population projections—and their sustainability—depend on 21% Current Population
several social factors. in 1962 7.5 billion 8 billion

Annual Growth Rate of

World Population (%) _ o5

4.4 billion in 2019

Population (in billions) A

3 billion

1.65 billion

0.9 billion
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Year
1760 .—‘ 1928 1946

Industrial Penicillin Start of
Revolution ) is discovered postwar
begins T 3 Y baby boom

(industrial revolution): The Print Collector/Alamy Stock Photo; (penicillin): Eye35.pix/Alamy Stock Photo; (baby): Monkey

Business Images/Shutterstock; (city): Leungchopan/Shutterstock; (crowd): Blvdone/Shutterstock; (classroom):

ImageBroker/Alamy Stock Photo




Growth variables

* Birth vs Death rates * Carrying capacity? — a function of
human population and our ability to
adapt to the environmental impacts
* Health care advances associated with our consumption

* Technology patterns.

* Agriculture efficiencies

 Urbanization

Population Control Policies, Social Stratification & Inequality, Empowering Women



Demographics = Corvoe, T

Cedar Park, TX Hammond, IN

Saginaw, Ml

Adapted from US Census Bureau (2021)

Irvine, CA

Buckeye, AZ— . Charleston, WV

Albany, GA
| For'r Myers, FL

Percent change 2010-2020
B 20.0 or more

& 10.0-199
McKinney, TX - 5.0-99
New Braunfels, TX gicco T 0.0-49

" Lessthan 0.0
Comparable data not available

| Jackson, MS |
Shreveport, LA Decatur, IL

T



Secondary Ed.

Estimated

impacts on:

Child
marriage

Early
births

Fertility
rate

2,867,000

Child marriages for all
girls by age 15 in
sub-Saharan Africa and
South and West Asia

3,397,000

Early births for all girls
under 17 in sub-Saharan
Africa and South and
West Asia

e o o
ano-uom
¢ ¢y €Y
€Y €Y ¢
6.7

Average number of
births for women with
no education in
sub-Saharan Africa

Primary
education

14%

\

2,459,000

14% fewer child
marriages if all girls
had primary education

10% )‘

3,071,000

10% fewer girls would
become pregnant if all
girls had primary
education

13%

\

D

i
(R
i
€y ¢
5.8

13% fewer births, on
average, for women
with primary
education

«
Jo2)e
CN

Jo2)
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Secondary
education
64%
1 1,044,000

64% fewer child
marriages if all girls
had secondary
education

1 %de
1,393,000

59% fewer girls would
become pregnant if all
girls had secondary
education

3.9

42% fewer births, on
average, for women
with secondary
education

-igure from p. 183, Teaching and learning: achieving quality for all; EFA global monitoring report, 2013-2014, UNESCO.
Director-General, 2009-2017 (Bokova, I.G.). writer of foreword (Paris: UNESCO, 2014). Reprinted by permission of UNESCO.



| = PAT: Three Scenarios

1 Population =10 2 Population =5 3

il i i Population

Population =5

Affluence = 3 Affluence = 6

Affluence =9

‘ = 5
-
* e S

Technology =3 Technology = 6 Technology = 2

Y & =
A=

Affluence

Technology

|=PxAxT = Impact=10x3x3=90

Impact

Although population Although population decreased by
decreased by half, the half and new, less resource-intensive
impact doubled because technology has developed, impact

of a doubling of affluence remained the same as that of scenario

and technology. 1 because of a tripling of affluence.



Built-up land

Carbon emissions

Fishing grounds
Forestland

Grazing land

Cropland

(@) High-income Country in 2012

Low
income

Middle
income

High
income

(b)

2012

1985

- Fishing grounds

M Built-up land

i Cropland

" Grazing land

.~ Carbon emissions
M Forestland

2012

Although all
footprint categories
are generally larger
in high-income
countries, carbon
emissions is by far
the biggest
differentiator.

1 F

2012

3 4
Global hectares (gha) per capita

5 6

Adapted from (b) World Wildlife Federation (2016)



Global Footprint Network®
&’.‘ Advancing the Science of Sustainability

* https://www.footprintnetwork.org/
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Bl CALCULATOR

https://watercalculator.org/footprint/the-hidden-water-in-everyday-products/



https://www.footprintnetwork.org/
https://watercalculator.org/footprint/the-hidden-water-in-everyday-products/
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