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Why Does  
Climate Change?
Basic Scientific Principles 
and Terminology

The	intent	of	this	paper	is	to	provide	
a	basic	understanding	of	Earth’s	
climate	system,	its	atmosphere,	and	
natural	and	anthropogenic	factors	
that	influence	climate	change	and	
variability.	With	this	knowledge,	you	will	better	understand	climate	terminology,	
concepts	and	processes	discussed	in	literature	and	in	the	media.

Climate changes . Evidence from ice cores, tree rings, stalag-

mites, marine and terrestrial deposits and other proxies indicate 

that throughout Earth’s history, surface temperatures, glacier and 

sea ice extent, sea levels, and distribution of plant species have 

varied significantly over long time periods . In fact, a reconstruc-

tion of Antarctic ice cores shows that temperature has varied as 

much as 10 degrees Celsius over hundreds of thousands of years, 

causing extended ice ages and warming periods . The Vostok 
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Developing Extension Capacity to Address Issues 

Related to Climate Change and Animal Agriculture

WSU—in collaboration with five partner Land-Grant Universities—is involved 
in a five-year project to address issues associated with climate change and 
animal agriculture . Our overall goal is for Extension—working with partner 
organizations—to effectively inform and influence livestock and poultry 
producers and consumers of animal products in all regions of the U .S . to 
foster production practices that are environmentally sound, climatically 
compatible, and economically viable .
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data also demonstrates a link between temperature and carbon 

dioxide levels .

Before human influence, natural factors (such as Earth’s orbital 

cycle and volcanoes) dictated climate change . Since the Indus-

trial Revolution, man-made climate influences such as increases 

in fossil fuel emissions, urbanization, agricultural production, and 

deforestation, have been added to the mix of influences on local, 

regional, and global climate .

Over the past century, average global surface temperature has 

warmed 0 .6 to 0 .8 degree Celsius (1 .1 to 1 .5 degrees Fahrenheit) . 

Confirmation of global warming comes from warming of the 

oceans, rising sea levels, glaciers melting, sea ice retreating in the 

Arctic and diminished snow cover in the Northern Hemisphere 

(IPCC, 2007) .

Terms and Definitions

Anthropogenic . Resulting from the influence 

or actions of human beings; man-made .

Climate . The statistical characteristics of 

weather over at least a 30-year period . The 

climate observed over different periods of time 

(100 years, 1000 years) may vary considerably .

Climate change . A variation in climate mea-

sured over several decades or longer usually 

observed by temperature . This change may 

be due to natural or human-induced causes .

Climate feedback . A subsequent change to a 

climate process that can either intensify (posi-

tive feedback) or reduce (negative feedback) 

the initial forcing . One example of a climate 

feedback mechanism involves loss of polar 

ice in response to rising surface temperature . 

Loss of highly reflective ice surface area 

means more radiation will be absorbed by 

Earth, thus intensifying the initial temperature 

increase (hence, melting polar ice is thought 

to be a positive feedback) .

Climate forcing . An agent that causes a 

change in the climate . For example, a 

volcanic eruption is an example of a natural 

forcing that can temporarily change the 

composition of the atmosphere .

Climate sensitivity . The amount of climate 

change (as measured by the change in 

globally-averaged surface temperature) for a 

given amount of climate forcing . It is often 

quoted as the temperature change that 

eventually results from a doubling in CO2 

concentrations .

Climate system . The system consisting 

of the atmosphere (gases), hydrosphere 

(water), cyrosphere (ice), lithosphere (solid 

part of the earth), and biosphere (living) 

that determines Earth’s climate .

UNEP/GRID-Arendal.	Temperature	and	CO2	concentration	in	the	atmosphere	over	the	past	400	000	
years.	UNEP/GRID-Arendal	Maps	and	Graphics	Library.	2000.	Available	at:	http://maps.grida.no/
go/graphic/temperature-and-co2-concentration-in-the-atmosphere-over-the-past-400-000-years
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Today, scientists are employing satellites from space to measure 

Earth’s outgoing radiation, the concentration of greenhouse 

gases such as water vapor, CO2 and methane, and other climate 

factors to better understand how natural and anthropogenic 

(human) forcings impact global climate change . Ongoing 

research of climate sensitivity is helping to refine climate models 

used to project future change .

Earth’s Atmosphere

Life as we know it would not exist without our atmosphere . 

Earth’s atmosphere protects us from harmful radiation, slows 

down and burns up small meteorites, regulates temperatures, 

and consists of various mixtures of gases to support human, 

animal, aquatic and plant life . The atmosphere consists mainly 

of nitrogen, oxygen, argon and trace gases whose concentration 

varies little over time and location, while other atmospheric 

gases such as water vapor, carbon dioxide and methane vary 

over time and location .

Layers of the Atmosphere

Scientists delineate the atmosphere into five primary layers ac-

cording to temperature: troposphere, stratosphere, mesosphere, 

thermosphere, and exosphere . Each layer serves a unique role 

in protecting and sustaining life on earth . Transition layers 

(tropopause, stratopause, mesopause, and thermopause) define 

the boundaries between each of the five primary layers . Of 

Climate variability . Change that occurs in 

the absence of natural or human-induced 

climate forcing as a result of interactions 

within and between the various components 

of the climate system .

Greenhouse gas . Atmospheric gases, 

including water vapor, carbon dioxide, and 

methane that effectively absorb and emit 

infrared radiation .

Greenhouse effect . A process where heat 

emitted from Earth’s surface is absorbed 

by atmospheric greenhouse gases, and is 

re-radiated in all directions . Since part of 

this re-radiation is back towards the surface, 

energy is transferred to the surface and the 

lower atmosphere . This process increases 

surface temperatures higher than it would 

be if direct heating by solar radiation were 

the only warming mechanism .

Weather . The immediate state of the atmo-

sphere, mainly with respect to its effects 

upon life and human activities . Weather is 

characterized by short-term variations in 

atmospheric pressure, temperature, precipi-

tation, humidity, cloud cover, wind speed 

and solar radiation .

Earth’s Atmospheric Gases

Constant components . Proportions remain the same over time 

and location .

Nitrogen (N2) 78 .08%

Oxygen (O2) 20 .95%

Argon (Ar) 0 .93%

Neon, Helium, Krypton trace

Variable components . Amounts vary over time 

and location .

Water vapor (H2O) 0–4%

Carbon dioxide (CO2) 0 .039%

Methane (CH4) trace

Sulfur dioxide (SO2) trace

Ozone (O3) trace

Nitrogen oxides (NO, NO2, N2O) trace
Reference:	Egger,	A.	2003.	Earth’s	Atmosphere:	Composition	and	Structure.	Visionlearning	Vol.	EAS	(5).
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particular interest to climatologists are the troposphere, 

tropopause, and stratosphere .

The troposphere is the layer closest to Earth, extend-

ing 10–15 kilometers (or 6 to 10 miles) above the 

surface depending upon latitude and time of year . The 

troposphere is wider at the equator than at the North 

and South Poles . The atmosphere is relatively turbulent 

compared to the other atmospheric layers and contains 

almost all of the atmospheric water vapor . Thus, most of 

the weather occurs here . Temperature falls with altitude 

at an average rate of 6 .5 degrees Celsius per kilometer 

(3 .5 deg Fahrenheit per thousand feet) . Air pressure also 

declines with altitude and is highest at ground level .

The tropopause is the atmospheric boundary between 

the troposphere and the stratosphere . Going upward 

from the surface, it is the point where air ceases to cool 

with height, and becomes almost completely dry .

The stratosphere lies directly above the troposphere 

and extends about 16 to 50 kilometers (10 to 30 miles) 

above Earth . Temperature here is well below freezing, 

nearly constant in the lower portion, and increases with 

height in the upper portion because of absorption of 

sunlight by ozone . Ozone (O3) is a gaseous form of 

oxygen with three oxygen atoms per molecule . Strato-

spheric ozone absorbs most of the harmful ultraviolet 

radiation from the Sun that causes skin cancer .

Earth’s Energy Balance

Earth’s energy balance is the fundamental driver of 

climate . Generally, all the solar energy that reaches 

Earth travels through space from the Sun in the form 

of electromagnetic waves, or ‘radiation’ . On average, 

the rate of solar radiation entering Earth’s atmosphere 

almost exactly equals that leaving . However, solar radia-

tion varies slightly with Sun intensity, as well as Earth’s 

orbit and tilt . These small variations are responsible for 

the intricate patterns and seasons of our climate .

The figure below shows how solar radiation (or solar 

energy) is balanced annually . Without this balance, life 

as we know it on Earth would not exist .

• Yellow arrows indicate how incoming solar radiation 

is immediately dispersed . 30% is reflected back into 

space by atmospheric gases (6%), clouds (20%) and 

Earth’s land and ocean surface (4%) .

• Orange arrows indicate the amount of radiation that is 

absorbed . 70% is absorbed by certain atmospheric gases 

(16%), clouds (3%) and land and oceans surfaces (51%) .

• Red arrows indicate how the radiation absorbed 

by land and oceans is dispersed . 70% is radiated 

back into space . The remainder is used through 

conduction of heat (7%), carried to clouds and the 

atmosphere in water vapor (23%), and absorbed by 

the atmosphere (15%) .

Over time, the total outgoing energy should equal the 

amount of energy coming in from the Sun . If balance is 

not kept, Earth’s temperature will change until balance is 

restored . For example, if incoming solar energy were to 

decrease, the Earth would be losing more energy than 

it gains, and its overall temperature would decrease . 

Because colder objects emit less radiation, a new balance 

will eventually be achieved at a colder Earth temperature .

Note that the energy balance diagram represents a 

global scale . Locally, parts of the Earth regularly radiate 

more energy to space than they receive from the Sun, 

and other parts do the opposite . This is because the 

motions of the atmosphere and oceans transport heat 

Earth’s	Energy	Budget:	NASA	Atmospheric	Sciences	Data	Center.	2010.	http://eosweb.
larc.nasa.gov/PRODUCTS/ceres/imagery.html
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from the tropics to high latitudes, giving polar regions 

an extra supply of energy at the expense of the tropics .

The Greenhouse Effect

Certain gases present in the troposphere (such as water 

vapor, carbon dioxide and methane) have the ability 

to absorb and emit certain forms of infrared radia-

tion . As a result, these compounds play a major role 

in regulating our climate even though they constitute 

only a small percentage of all gases in the atmosphere . 

Because they emit energy to space from high in the 

atmosphere where it’s cold, their presence causes an 

overall reduction in the loss of energy to space at any 

given temperature . The climate system must be warmer 

in order to compensate and achieve balance . Without 

this greenhouse effect the average global surface 

temperature would only be −18 degrees Celsius (about 

0 degrees Fahrenheit) . The actual average global surface 

temperature of Earth is approximately 15 degrees Celsius 

(about 59 degrees Fahrenheit), (Pidwirny, 2006) .

Global warming potential (GWP) and atmospheric 

lifetime vary among greenhouse gases . GWP is a relative 

measure of how much heat a greenhouse gas traps 

in the atmosphere . It compares the amount of heat 

trapped by a certain mass of the gas in question to the 

amount of heat trapped by a similar mass of carbon 

dioxide . GWP is calculated over a specific time interval, 

commonly 100 years . GWP is expressed as a factor of 

carbon dioxide (whose GWP is standardized to 1) . For 

example, the 100-year GWP of methane is 25, which 

means if the same weights of methane and carbon 

dioxide were introduced into the atmosphere, methane 

will trap 25 times more heat than the carbon dioxide 

over the next 100 years . Lifetime defines the amount of 

time a gas molecule can exist in the atmosphere (before 

it decays) . The following table gives GWP and lifetimes 

for common greenhouse gases .

Climate versus Weather

Extreme weather events including hurricanes, tornados, 

flash floods and extreme drought have been experi-

enced since man’s existence; however a comprehensive 

record of the occurrence, frequency and intensity of 

these events exists only for the last 50 to 100 years . In 

the future, researchers may be able to correlate weather 

patterns to climate change . In the mean time, it is im-

portant to recognize the distinction between “weather” 

and “climate” to avoid automatically attributing isolated 

extreme weather events as evidence of climate change . 

For example, a cold day or big snow storm is not proof 

that the climate has cooled . Nor is a hot day, week or 

month evidence that the climate has gotten warmer . 

However, over time the frequency of certain extreme 

events will change as a result of a changing climate .

Weather . Weather defines the atmospheric con-

dition at a given time and geographic location . 

Temperature, humidity, wind speed and degree 

of cloudiness are common observations used to 

GWP and Atmospheric Lifetime for Various Greenhouse Gases

Greenhouse Gas Chemical Formula
Global warming potential (GWP)  

for a 100-year time horizon Lifetime (years)

Carbon dioxide CO2 1 variable

Methane CH4 25 12

Nitrous oxide N2O 289 114

HCFC-12 CHClF2 1,810 12

Tetrafluoromethane CF4 7,3900 50,000

CFC-12 CCl2F2 10,900 100

Hexafluoroethane C2F6 12,200 10,000

Nitrogen trifluoride NF3 17,200 740

Sulphur hexafluoride SF6 22,800 3,200
Source:	(IPCC,	2007)
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describe weather conditions . Changes in weath-

er result from large global circulation patterns 

in the atmosphere caused by the interaction of 

solar radiation, ocean temperature, topography 

and earth’s orbital cycle . Global winds drive 

huge air masses causing warm and cold fronts, 

and power jet streams (narrow bands of strong 

wind) that steer weather systems and transfer 

heat and moisture around the globe . The 

accuracy of weather forecasts depends upon 

computer models’ ability to simulate the evolu-

tion of these weather patterns over a period of 

several days and to predict (with some prob-

ability) the result of these interactions (e .g ., high 

and low temperature, relative humidity, wind 

speed, rainfall, etc .) .

Climate . In contrast, climate refers to the statis-

tics of the weather (such as average conditions 

or the frequency of an occurrence) for different 

geographic regions over time scales ranging 

from decades to thousands of years . The tra-

ditional averaging time for climate is 30 years . 

For the last million years, Earth has experienced 

cooling and warming cycles that take about 

100,000 years to complete . Over the range of 

each cycle, global average temperature have 

varied about 5 degrees Celsius (or 9 degrees 

Fahrenheit), resulting in extended ice ages and 

warm periods (NOAA, 2009) . That climate will 

change in the future is given; however, what 

that change will be, the rate it will occur, and 

how sensitive the climate is to human activities 

is the subject of intense research .

Climate Forcing

Forcing is a change imposed on the planetary energy 

balance that has the potential to alter long-term global 

climate responses such as temperature or rainfall patterns . 

Geologic records of Earth’s history show that natural 

processes can have very large effects, such as the cooling 

and warming cycles of the past million years . Scientists 

now believe that human activities such as the burning of 

fossil fuels can have effects that are just as powerful .

Natural climate forcing mechanisms include fluctuations 

in the sun’s radiative intensity, earth’s orbital cycle, 

volcanic eruptions and ocean currents .

The Sun . The amount of energy emitted by the 

sun is ever-changing . Changes in its intensity are 

typically small (a few tenths of a percent), but can 

influence Earth’s temperatures if they occur over 

an extended period of time . The sun’s output of 

energy varies by a small amount over the observed 

11-year sunspot cycle, and the solar output may 

vary by larger amounts over long time periods .

Earth’s Orbit . Earth’s elliptical orbit around the 

sun varies from tens of thousands to hundreds 

of thousands of years, thus slightly changing the 

intensity of solar radiation that reaches Earth . 

Scientists point to these orbital cycles (referred 

to as ‘Milankovitch cycles’) to explain the 

occurrence of glacial and interglacial periods for 

millions of years .

Volcanoes . Volcanic eruptions inject sulfur 

dioxide into the upper atmosphere . Since 

this compound forms droplets that are highly 

reflective of sunlight, its presence prevents some 

of the sun’s radiation from reaching the Earth, 

thereby reducing surface temperatures . Once in 

the upper atmosphere, these droplets can last 

several years after an eruption .

Ocean Currents . Irregular oscillations in the 

warm and cold ocean currents can influence 

atmospheric circulation patterns, weather, and 

climate variability . For example, the El Nino/

Southern Oscillation (ENSO) and the Pacific 

Decadal Oscillation (PDO) that occur in the Pa-

cific Ocean (characterized by patterns of warmer 

and cooler sea surface temperatures) alter rain-

fall variability in the United States . Climatologists 

have learned to use sea surface temperature and 

ocean currents data to predict the probability 

of seasonal droughts in the southwestern U .S . 

Current research is examining how these ocean 

circulations impact global climate change .
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Anthropogenic climate forcing mechanisms include 

land use changes (such as deforestation and agriculture 

production), burning fossil fuels (such as coal, natural 

gas and oil), and other forms of emission of gases and 

particles caused by humans .

Greenhouse Gas Emissions . Perhaps the most 

significant human influence on climate change 

today is the increasing atmospheric concentra-

tions of greenhouse gases . Many greenhouse 

gases occur naturally in the atmosphere, such as 

water vapor (H2O), carbon dioxide (CO2), meth-

ane (NH4), ozone (O3), and nitrous oxide (N2O), 

while others are synthetic . Synthetic greenhouse 

gases include the chlorofluorocarbons (CFCs), 

hydro fluorocarbons (HFCs) and per fluorocar-

bons (PFCs), as well as sulfur hexafluoride (SF6) . 

Recent data shows that global CO2 concentra-

tions have risen from a pre-industrial level of 280 

parts per million to nearly 400 parts per million 

in 2011, primarily due to the burning of fossil 

fuels such as coal, oil and natural gas (Conway, 

T . and Tans, P ., 2011) . Atmospheric levels of 

CH4 and N2O have also increased as a result of 

energy and agricultural production practices . 

Current estimates of the combined effect of 

the change in greenhouse gases over the past 

century dwarf all other known climate forcings 

over the same period . This is why the century-

scale rise in temperatures is attributed largely to 

greenhouse gases .

Land Use Changes . Major land use and land 

cover changes such as deforestation, irrigation, 

and urbanization alter climate patterns . With 

deforestation, carbon (originally held in trees) 

is released to the atmosphere as carbon dioxide 

gas, either immediately if the trees are burned, 

or more slowly as unburned organic matter 

decays . Most of the carbon is released as carbon 

dioxide, but small amounts of methane and 

carbon monoxide may also be emitted with 

decomposition or burning . Deforestation also 

removes trees which retain large amounts of 

water, thereby altering the natural hydrologic 

process involving evaporation and transpiration .

Urbanization tends to absorb and retain more 

heat than rural landscapes, forming a ‘heat 

island’ effect . This is well documented around 

major metropolitan areas where local meteorolo-

gists now report individual temperature for “in 

the city” and “outlying” regions .

Other land use changes that affect climate 

and climate variability include large-scale 

irrigation used to supplement natural rainfall 

for agricultural production, and construction 

of reservoirs that alter natural hydrologic 

processes . Both of these changes increase the 

amount of water available to evaporate into 

the atmosphere . This locally tends to make 

maximum temperatures cooler and minimum 

temperatures warmer .

Aerosols . Incomplete combustion of fossil fuels 

and other pollution sources produce tiny solid 

or liquid particles that remain suspended in the 

atmosphere for days or weeks . These particles 

are called aerosols, and are similar in size or 

smaller than the tiny particles that spray from an 

aerosol can . Most aerosols affect the atmosphere 

by reflecting solar radiation away from the 

Earth’s surface, thereby producing a cooling 

effect . Aerosols also strongly affect cloud forma-

tion and longevity, thereby having an additional 

indirect cooling effect on the Earth’s climate that 

still has not been well defined .

Climate Feedback

When climate forcing provides an initial impetus, 

other affected processes will respond by amplifying 

(positive feedback) or reducing (negative feedback) 

the effect of the initial forcing . The magnitude of 

change depends upon many different interacting 

feedback mechanisms . Climatologists are researching 

how feedback mechanisms interact with each other 

and natural climate forcings . Some common feedback 

mechanisms include greenhouse gases such as water 

vapor and carbon dioxide, terrestrial plants and soils, 

and ocean-atmospheric interactions . A few feedback 

mechanisms are discussed here .
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Water Vapor . When the atmosphere is warm, 

it holds more water vapor (the most abundant 

greenhouse gas) . As more water vapor is held in 

the atmosphere, the temperature rises due to its 

greenhouse warming potential, and the increase 

in temperature allows even more water vapor to 

be held in the atmosphere .

Melting Permafrost . Another potential feedback 

involves large areas of frozen peat in the 

Arctic, known as permafrost . Higher tempera-

tures cause the permafrost to thaw, releasing 

methane into the atmosphere . Additional 

greenhouse gas could cause temperatures 

to climb further, allowing even more peat to 

defrost—a positive feedback .

Wildfires . As climate changes, some forests and 

grasslands will become more vulnerable to 

heat waves, droughts, and ultimately fire . As 

vegetation burns, it releases carbon dioxide, 

further increasing atmospheric greenhouse gas 

concentrations and surface temperature—again, 

a positive feedback .

Clouds . Perhaps the most controversial and 

uncertain climate feedback mechanism involves 

clouds . A change in almost any aspect of cloud 

formation, such as their type, location, water 

content, cloud altitude, particle size and shape, 

or lifetimes, affects the degree to which clouds 

warm or cool the Earth . Some changes amplify 

warming while others diminish it . Research is 

underway to better understand how clouds 

change in response to warmer surface tempera-

tures, and how these changes affect climate .

Sea Ice . Geologic records clearly reveal that 

global surface and sea temperatures have changed 

enough in the past to alter sea ice and glacier for-

mation . Some scientists believe that the loss of polar 

sea ice would encourage more heating because 

the darker colored ocean would absorb more heat, 

much in the way a black shirt is hotter on a sunny 

day than a white shirt—a positive feedback .

The net effect of all feedbacks is thought to be positive, 

that is, they will contribute to climate change . Current 

estimates suggest that feedbacks will roughly double 

the effects, but precise numbers are not yet available . 

Together, forcing and feedback produce climate re-

sponses such as changes in temperature, rainfall amount 

and intensity, weather extremes, and sea levels changes .

Historically, most climate changes have occurred gradually 

over hundreds to thousands of years, allowing plants and 

animals sufficient time to migrate to environments that 

suited their needs, or they adapted to changing conditions 

over many generations . However, most scientists now 

believe that humans are accelerating the rate of global 

warming . Consequently, especially if feedbacks turn out to 

be large, there will be less time to prepare for and adapt 

to such climate change impacts, including coastal flooding 

(from rising sea levels), long-term droughts and famine, 

and loss of animal and plant species .
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