
Earth’s Systems
Drivers of energy and climate on Earth



Gas Concentrations in the 

Atmosphere

• Air has mass: a 1cm2 column 

from the earth to the top of the 

atmosphere weighs approx.  

1.04kg.

• Air concentrations (like the 

ocean) are figured in ppm 

(parts per million)

• Temperature and water vapor 

content affect the density of air 

in the Atmosphere





Distribution of Energy



http://www.ux1.eiu.edu/~cfjps/1400/FIG07_006.jpg



Global Climate 

Change: 
Global Warming



Lets first dispel of some misinformation 

Intergovernmental Panel of Climate Change

But who is the IPCC?

IPCC (1995): “The balance of evidence suggests a discernible human 

influence on global climate.”

IPCC (2001): “Most of the warming of the past 50 years is likely (>66%) to be 

attributable to human activities.”

IPCC (2007): “Warming is unequivocal, and most of the warming of the past 

50 years is very likely (90%) due to increases in greenhouse gases.”

IPCC (2013): “Warming of the atmosphere and ocean is unequivocal. Many 

of the associated impacts such as sea level change (among other metrics) 

have occurred since 1950 at rates unprecedented in the historical record. 

There is a clear human impact on the climate. It is extremely likely that 

human influence has been the dominant cause of observed warming since 

1950, with the level of confidence having increased since the fourth report.”





Scientific consensus: Earth's climate is warming

Worldwide AgenciesU.S. Agencies

https://www.opr.ca.gov/s_listoforganizations.php
http://www.opr.ca.gov/facts/list-of-scientific-organizations.html
http://climate.nasa.gov/scientific-consensus/#footnote_1


Now . . . It is true that scientific 

consensus does not equal "truth".

However, in science, a consensus is reached when the 

preponderance of evidence supports a particular 

position over others.

If you are not an expert in a particular field on what 

basis are you denying the consensus?



Is the planet warming?



Beyond the Natural Cycle



Temperature and Carbon Dioxide (CO2) levels are 

very closely linked

When CO2 levels are high - temperatures are high. 

When CO2 levels are low temperatures are low.

Why do we always hear about CO2 when discussing 

Global Warming?
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Nothing this high over the last 1 million years (ice core records).  

Need to go back 15-20 million years to find equivalent levels 

(estimated at ca. 400 ppm — and the world was very different!)

Beyond the Natural Cycle



So, the question is not whether or not climate 

change/global warming is happening because it is a 

SCIENTIFIC FACT that it is . . . 

A better question to ask is . . .

“whether the global warming we are experiencing 

is caused by human activity or just part of a 

natural cycle that occurs on earth?”



To answer and understand this question we must first 

discuss . . . 

• 1) . . . how scientists gather data on an ancient 

earth

• 2) . . . the natural processes on Earth that 

control climate (i.e. solar radiation, albedo, 

greenhouse gases etc.)

• 3) . . . Natural feedback processes that control 

climate

• 4) . . . how carbon is stored on earth 



How do we gather data. (i.e. how do we know 

the CO2 levels, oxygen levels, temperatures etc. 

of the earth – present, past and distant past?)



Proxies
Paleoclimate indicators for temperature

• A climate proxy is something that records 

or reflects a change in temp or rainfall but 

does not DIRECTLY measure 

temperature or precipitation

For example…



For more recent temperatures (~1000 yrs) 

we can utilize tree ring data

• In the tropics there is no 

difference in growing seasons 

thus tree rings are not well 

developed.

• In cold regions temperature is the 

limiting factor for tree growth.

• In dry environments rain fall is the 

main driver for tree growth



Rock types as proxies for climate



Stable isotopes of oxygen: a proxy for temperature 

but now considered almost a direct measurement

Stable isotopes:  do not decay over time.  

Ex, O16 and O18.

Stable Isotopes as Proxies



The standard that your sample is compared to

is either one prepared from ocean water or

from a fossil standard.  

Positive delta O18 values mean that your                                      

sample is enriched in the heavy O isotope                                   

(warm periods); negative delta O18 values                                          

mean it’s depleted in the heavy O18.(cold 

periods)

If we collect a shell made out of Ca(PO4
)3, we can analyze

the O18:O16 ratio by the following formula:

delta O18= [(O18/O16 sample/O18/O16 standard) -1 ] x1000



Oxygen Isotopes Reveal Higher Frequency Variation

+  delta O18 values mean that your sample is enriched 

in the heavy O isotope = warm period (Interglacial)

- delta O18 values mean that your sample is depleted 

in the heavy O isotope = cold periods (Glacial)



Sr87/Sr86

a proxy for salinity/rainfall (evap. vs ppt)

During wet climates, more

Sr is released from 

weathering minerals in 

granite



Not proxies, but direct measures

Sr:Ca ratios in aragonite: a measure of 

seawater temperature



Earth’s Natural 

Climate Processes



The Earth’s surface temperature 

depends on three factors:

(1) The solar flux

(2) Earth’s reflectivity (albedo)

(3) The amount of warming provided by the 

atmosphere (i.e., the greenhouse effect)



Greenhouse gases warm the planet’s surface by absorbing 

infrared radiation and reradiating some of it back toward the 

surface.



Without our Greenhouse Effect, our 

average surface temperature would 

be about 33°C (59°F) colder.

0°F

The Earth would be icy and desolate.



The three most abundant components in the 

atmosphere—nitrogen, oxygen, and argon. 

(these are not greenhouse gases)

Other less abundant gases exert strong greenhouse 

effects.

The defining 

property of a 

greenhouse gas is 

its ability to absorb 

and (re)emit 

infrared radiation.



400 in 2012

Trace Gases / Greenhouse Gases

406 in 2016409 in 2017



Different gases absorb efficiently at different 

wavelengths (beyond those dominated by CO2 and 

H2O)—thus increasing the importance of the low 

concentration gases.  Nevertheless, the Earth’s surface 

emits strongly in CO2 wavelength region.  

CO2 is a critical greenhouse gas.



H2O CO2 CH4 N2O O3 O2 N2

% conc.

in atmos.

0.3 0.04 0.00018 0.00003 0.000003 21 78

Contrib. to 

GHG effect 

in %

55 39 2 2 2 _ _

Relative 

efficiency

of contrib.

0.15 1 10 60 600

Concentrations and contributions of the main greenhouse gases in 

the atmosphere. 

Relative molecular efficiency is also given, relative to that of CO2.



Natural and Unnatural 

Drivers of Climate

The Carbon Cycle 





Oxygen Isotopes Reveal Higher Frequency Variation

Tracking Temperature and Ice Volume

But what drives glaciation?



Milankovitch Cycles

(The Heartbeat of Glaciation)

This natural phenomenon drives glacial patterns on earth.

Period = 100,000 yrs Period = 41,000 yrs Period = 26,000 yrs



. . . based on where the Earth is in these 

Miankovitch cycles global temperatures should be 

much lower.



Equilibrium and Feedbacks



Equilibrium

It is the state in which a system will 

remain unless something disturbs it.



Feedbacks can enhance or buffer changes that occur in a 

system. Positive feedbacks enhance or amplify changes; 

this tends to move a system away from its equilibrium state 

and make it more unstable. Negative feedbacks tend to 

dampen or buffer changes; this tends to hold a system to 

some equilibrium state making it more stable.

Feedback: 

A response to a change in a system

Feedbacks



Negative feedback: 

A response to a change in a system that tends to reverse the 

direction of the change—thus moving the system back to its 

original (equilibrium) state. 

Since this process tends to keep things constant, it is a 

stabilizing influence.  It reduces the deviation from an initial state. 



Positive feedback: 

A response to a change in a system that tends to 

enhance/magnify the direction of the change—thus 

moving the system further away from its original 

(equilibrium) state. 

This  is a destabilizing influence, which increases the 

deviation from an initial state.



Glacial and Ice Short-Term 

Feedbacks



Glacial Ice and Shelf Nutrient Feedback

(+) Positive Feedback 



Iron Fertilization

(+) Positive Feedback 



Coral Reef Feedback

(+) Positive Feedback 



Ice with Snow Bare Ice Open Ocean

Ice Albedo Effect

(+) Positive Feedback 



Terrestrial Biomass

(–) Negative Feedback



The growth of the terrestrial biomass 

during deglaciation and its destruction 

during the initiation of a glacial interval 

represent the only negative feedbacks 

that we know of for changing CO2 in the 

atmosphere on glacial timescales



Seasonality linked to cycle in (land) plant activity: degree 

of photosynthesis vs. respiration



So . . . based on what we now know so far 

Given the feedbacks associated with long term

climate patterns . . . 

So, what happens when temperatures on Earth go 

up? (naturally assuming no humans on earth)



Ocean Life and 

Large Scale Carbon 

Feedbacks





The recycling of essential elements (C, P, N, S, etc) --

nutrients.

This recycling is linked to the global 

processes of plate tectonics.



The link between tectonic activity and the C cycle is 

important to the regulation of carbon dioxide in the 

atmosphere and thus climate over geologic time scales.



Carbon, the Ocean 

and 

Geologic Time



The dominant primary producers in the ocean 

are the free-floating, photosynthetic marine 

microorganisms—

Live in                       (uppermost part of the 

ocean where there is  sufficient light to support 

photosynthesis).  Usually upper 100 m in the 

open ocean and shallower in less clear waters 

along the ocean margins.

phytoplankton

photic zone







Foraminifera

Radiolarian



The Biological Pump.

Much of the organic matter 

produced in surface waters 

by phytoplankton is 

consumed by zooplankton 

Only about 1% of primary production survives the 

trip to the seafloor where it is further decomposed, 

resulting in burial of only about 0.1% of export 

production.

https://www.youtube.com/watch?v=U03MUHFuO2o
https://www.youtube.com/watch?v=U03MUHFuO2o


Geological processes exert the most control 

on atmospheric CO2 on longer time scales 

(i.e. storing carbon for extremely long 

periods of time and weathering processes)



Calcium carbonate forms and dissolves in the 

ocean, but some is buried.  This represents leakage 

from the short-term cycle of inorganic carbon.  

Some of this is weathered on the continents. 



Rocks exposed at the surface undergo 

chemical dissolution from rain with dilute acid.



Carbonate and silicate rocks weather chemically; carbonates 

dissolve more rapidly.  Chemical weathering neutralizes the 

acid

CaCO3 +  H2CO3 = Ca2+ +  2HCO3
–

(carbonate weathering)

CaSiO3 +  2H2CO3 = Ca2+ +  2HCO3
– +  SiO2 +  H2O 

(silicate weathering)

Silicate weathering consumes twice as much CO2 per unit of 

rock dissolved



Continental Margin Surface Area

When continental masses on earth are spread out more surface 

area is available to weather, thus carbon dioxide levels in the 

atmosphere noticeably decrease. 

High CO2

Low CO2



So why then are we deviating from the natural cycle?

What are we doing that has caused this? 



Short-Term 

Terrestrial Biomass Feedback



Long-Term 

Rock Weathering Feedback



Long-Term 

Carbon Storage



1) Is climate change natural?

2) Is the climate change we are 

currently experiencing part of that 

natural cycle?

Yes

No

The climate of Earth changes fluctuates, but 

the RATE of change we are currently 

experiencing is different than anything we 

have ever seen.

Bottom Line



. . . for the first time in earth’s history one of a species is 

hindering the natural feedbacks and “sinks” that operate in 

response to this temperature change.

Terrestrial Biomass 

Feedback

Rock Weathering Feedback

Carbon Storage

(relatively short term)

(relatively long term)





Understanding all of this how is it 

that scientists predict what 

temperatures will be like in the 

future?

https://www.youtube.com/watch?v=JrJJxn-gCdo
https://www.youtube.com/watch?v=JrJJxn-gCdo


– F. Sherwood Rowland

“What’s the use of having developed a 

science well enough to make predictions if, in 

the end, all we’re willing to do is stand around 

and wait for them to come true.”

https://www.youtube.com/watch?v=8MqTOEospfo

