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Climate Changes (Eco 206) 

 

1. Introduction about the climate and the atmosphere. 

2. Investigating the global climate change. 

3. Study theories about explaining climate change. 

4. Consequences of climate change on the environment. 

 

References: 

1. Introduction to Climate Science (Andreas Schmittner) 

2. Essentials of Meteorology (C. Donald Ahrens) 
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Chapter One 

Introduction 

 

1. Weather and Climate 

Weather and climate are related but they differ in the time scales of 

changes and their predictability. They can be defined as following. 

 

Weather is the instantaneous state of the atmosphere for certain 

region. It consists of short-term variations over minutes to days of 

variables such as temperature, precipitation, humidity, air pressure, 

cloudiness, radiation, wind, and visibility.  

 

➢ Due to the non-linear, chaotic nature of weather variables, 

weather predictability is limited to days. 

 

Climate is the statistics of weather over a long period. It can be 

thought of as the average weather that varies slowly over periods of 

months, or longer.  

➢ It does, however, also include other statistics such as probabilities 

or frequencies of extreme events. Climate is potentially predictable 

if the forcing is known because Earth’s average temperature is 

controlled by energy conservation.  

➢ For climate, not only the state of the atmosphere is important but 

also that of the ocean, ice, land surface, and biosphere. 
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2. The Climate System 

Earth’s climate system consists of interacting components.  

1. The atmosphere, which is the air and clouds above the surface, is 

about 10 km thick.  

2. The ocean covers more than two thirds of Earth’s surface and has 

an average depth of roughly 4 km.  

➢ The major oceans are the Pacific, the Atlantic, the Indian, and the 

Southern Ocean.  

3. The cryosphere (consisting of ice and snow) includes sea ice, 

mountain glaciers and ice sheets on land.  

➢ Sea ice is frozen sea water, up to several meters thick, floating on 

the ocean. Ice sheets on land, made out of compressed snow, can 

be several kilometers thick.  

4. The biosphere includes all living things on land and in the sea from 

the smallest microbes to trees and whales.  

5. The lithosphere, which is the solid Earth (upper crust and mantle). 

➢ It could also be considered an active part of Earth’s climate system 

because it responds to ice load and impacts atmospheric carbon 

dioxide (CO2) concentrations and climate on long timescales. 

 

3. Processes in the climate system (For review) 

Figure 1 shows some of the important processes that contribute to the 

complex interactions within the climate system.  

• Earth’s energy source is the sun. Both solar and terrestrial radiation 

are affected by gases, aerosols, and clouds in the atmosphere. Thus, 

the atmospheric composition affects the heating and cooling of the 

earth. Heating and cooling affect the temperature and circulation of 

the atmosphere and oceans.  
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• Circulations of the air and sea affect temperatures and precipitation 

over both ocean and land, which impact the biosphere and 

cryosphere. Atmosphere and oceans exchange heat, water 

(evaporation and precipitation), and momentum.  

• Air temperatures and snow fall affect the growth and melting of 

glaciers and ice sheets.  

• Water from melting ice flows through rivers into the ocean affecting 

its salinity, its density and movement.  

• Variations in solar irradiance can cause global climate to change.  

• Volcanoes can eject large amounts of aerosol into the atmosphere 

with climatic implications.  

• Humans are influencing the climate system through emissions of 

greenhouse gases, aerosols, and land use changes. 

 

 

  

 

Figure 1 
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4. The Earth’s Atmosphere 

The earth’s atmosphere is a thin, gaseous envelope comprised mostly 

of nitrogen (N2) and oxygen (O2), with small amounts of other gases, 

such as water vapor (H2O) and carbon dioxide (CO2). Nested in the 

atmosphere are clouds of liquid water and ice crystals. 

➢ Although our atmosphere extends upward for many hundreds of 

kilometers, almost 99% of the atmosphere lies within a 30 km of 

the earth’s surface.  

➢ This thin blanket of air constantly shields the surface and its 

inhabitants from the sun’s dangerous ultraviolet radiant energy, as 

well as from the onslaught of material from interplanetary space.  

➢ There is no definite upper limit to the atmosphere; rather, it 

becomes thinner and thinner, eventually merging with empty 

space. 

 

Composition of the Atmosphere 

• The earth’s atmosphere is a mixture of many gases. In a volume of 

air near the surface, Nitrogen (N2) occupies about 78% and oxygen 

(O2) about 21%.  

• These percentages for nitrogen and oxygen hold fairly constant up 

to an elevation of about 80 km. 
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Water vapor (H2O) 

• Water vapor is an extremely important gas in our atmosphere.  

• The concentration of the invisible gas water vapor, however, varies 

greatly from place to place, and from time to time.  

• Water vapor becomes visible only when it transforms into liquid or 

solid particles, such as cloud droplets and ice crystals.  

• Water vapor also releases large amounts of heat— called latent 

heat—when it changes from vapor into liquid water or ice. Latent 

heat is an important source of atmospheric energy, especially for 

storms, such as thunderstorms and hurricanes.  

• Water vapor is a potent greenhouse gas because it strongly absorbs 

a portion of the earth’s outgoing radiant energy. Thus, water vapor 

plays a significant role in the earth’s heat energy balance. 

Carbon dioxide (CO2) 

• Carbon dioxide, a natural component of the atmosphere, occupies 

a small (but important) percent of a volume of air, about 0.037 

percent.  

• Carbon dioxide enters the atmosphere mainly from the decay of 

vegetation, but it also comes from volcanic eruptions, the 

exhalations of animal life, from the burning of fossil fuels, and from 

deforestation.  

• The removal of CO2 from the atmosphere takes place during 

photosynthesis.  

• The oceans act as a huge reservoir for CO2, as phytoplankton in 

surface water fix CO2 into organic tissues.  

• Carbon dioxide that dissolves directly into surface water mixes 

downward and circulates through greater depths. 

• Estimates are that the oceans hold more than 50 times the total 

atmospheric CO2 content. 

• Carbon dioxide is another important greenhouse gas because, like 

water vapor, it traps a portion of the earth’s outgoing energy. 
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Ozone (O3) 

• The most of atmospheric ozone (about 97%) is found in the upper 

atmosphere (in the stratosphere) where it is formed naturally, as 

oxygen atoms combine with oxygen molecules.  

• The concentration of ozone averages less than 0.002% by volume. 

This small quantity is important because it shields plants, animals, 

and humans from the sun’s harmful ultraviolet rays. 

Aerosols 

• Impurities from both natural and human sources are also present in 

the atmosphere such as:  

➢ Dust and soil from the earth’s surface. 

➢ Smoke from forest fires. 

➢ Fine ash particles and gases form volcanoes. 

• Collectively, these tiny solid or liquid suspended particles in the air 

are called aerosols. 

 

Air Density and Air Pressure 

• Air density is the number of air molecules in a unite of volume.  

• Air density is greatest at the surface and decreases with 

increasing the height above the surface (altitude).  

• Since the air near the surface is compressed, air density normally 

decreases rapidly at first, then more slowly at higher altitudes 

(see Figure 2).  

• The weight of the air molecules acts as a force on the earth. The 

amount of force exerted over an area of surface is called air 

pressure. 

• Air pressure always decreases with increasing altitude. Like air 

density, air pressure decreases rapidly at first, then more slowly 

at higher altitudes (see Figure 2). 
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Layers of the atmosphere 

1. Troposphere 

• It is the 1st layer of the atmosphere from the surface up to about 

11 km. 

• It contains all of the weather conditions on Earth.  

• This layer is kept well stirred by rising and descending air 

currents. 

• The air temperature in this layer decreases with the height above 

the Earth's surface. 

 

2. Stratosphere 

• It is the 2nd layer above the troposphere with altitude up to 

about 50 km. 

• The most of ozone gas is found in the stratosphere. 
• The air temperature is increasing with higher altitudes.  

 

  
Figure 2 
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3. Mesosphere 

• It is the 3rd atmospheric layer above the stratosphere with 

altitude up to about 85 km. 

• The air is extremely thin and the atmospheric pressure is quite 

low. 

• The air temperature in this layer decreases with increasing the 

altitude.  

• The top of the mesosphere represents the coldest part of our 

atmosphere with an average temperature of –90°C. 

 

4. Thermosphere 

• It is the “hot layer” above the mesosphere. 

• In the thermosphere, there are relatively few atoms and 

molecules. 

• Oxygen molecules (O2) in this layer absorb energetic solar rays, 

warming the air. 

• The air temperature in this layer increases with increasing the 

altitude that may exceed 500°C. 

 
Figure 3 

Temperature 


