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  NOTES FOR A CLASS ABOUT CLIMATE CHANGE, ENERGY AN D CONSERVATION 

by Rene Ferro 

 

1. BRIEF INTRODUCTION ABOUT CLIMATE CHANGE HISTORY 

Climate is a long-term pattern of the weather of certain region over a period of years. Global climate is the 
long-term pattern of the Earth weather accounting for average weather elements such as: atmospheric 
temperature, pressure, and humidity as well as cloudiness, wind, and precipitations. Global climate 
change means the variation and tendencies in the Earth’s climate. The climate varies naturally but 
presently is being forced by the human activity. 

1.1 Ice age 

The Earth’s climate has been continuously changing during the 4.6 billion years Earth’s history.  

The most important evidence of the Earth’s Climate change are the ICE AGES: long term period (millions 
or tens millions of years) of low global temperature and important continental and polar part of Earth 
surface covered by a ice sheets and Alpine glaciers. 

 At least five major ice ages have occurred throughout Earth’s history: the earliest was over 2 billion years  
ago, and the most recent one began approximately 3 million years ago and continues today. It is called 
Neogene - Quaternary ice age because began at the Neogene epoch and continues at the Quaternary 
period. 

Between ice ages the climate has been very different and even there were no polar ice sheets.  

 

 

 

 

 

                                                    
Fig. 1 Ice Ages during the past 2.4 billion years. 
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                                                                                        Fig. 2 Large area of the Earth’s surface is  
                                                                                                  covered by ice during the Ice age.  
 

 

 

Within an ice age are multiple shorter-term periods of warmer temperatures when glaciers retreat (called 
interglacials or interglacial cycles) and colder temperatures when glaciers advance (called glacial or 
glacial cycles). These periods last tens thousand of years.  

 

 

 

 

 

 

                         

                         

                            Fig. 3   Glacial – Interglacial cycles in the past 450 000 years. 

 

Currently, we are in a warm interglacial that began about 11,000 years ago. The last Glacial peaked about 
20 000 years ago. At that time, the world was on average probably about 10°F (5°C) colder than today. 

1.2 Origin of the Ice ages 

The primary causes of the ice ages and in general climate change are:  

1. Earth is continuously cooling off and consequently the tectonic activity is continuously changing. 
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2. The three cycles of Milankovitch: change of the Earth’s orbit eccentricity, change of the Earth’s axos 
tilt and Earth’s axis precession. 

3. Long term and short term cycles of the Sun activity (sun energy output). 

4. Change in the atmosphere composition: gases, aerosols and vapor water. 

As a consequence of these phenomena the distribution of the Sun energy on the Earth surface changes and 
the Earth’s lands shift leading to a change of the wind and ocean current patterns responsible of the heat 
transport to the Polar Regions. Additional, the tectonic activity is modified and thus the emission of 
greenhouse gases such as CO2 and CH4 is affected. 

 

 

 

 

 

 

 

 

 

                 

 

 

                 Fig. 4 Temperature and CO2 concentration in the atmosphere in the past 400 000  
                 years. 
 

1.3 Main characteristics of the present ice age (Pliocene - Quaternary age)   

- The continents had moved to the current position. 
- There were about 20 Glacial and Interglacial periods. Today is though that the Glacial periods are 

longer that the Interglacial periods. 
- During the peak of the last glacial the climate was very different: 

a) Lots of Earth’s water was frozen so precipitations were low, for example, Europe received roughly 
half the rainfall it gets today, mostly in the summer months. 

b) Global average temperatures were 5 to 10 degrees C (41 to 50 F) below today’s temperature, for 
example Florida was more like modern Quebec. 
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c) Wind speeds were higher and dust storms were common as the wind picked up material from 
enlarged deserts and glacier margins. 

- Homo Sapiens evolved to the current Humans.  
- Presently we are in an Interglacial period; the climate has just warmed up a bit causing the ice sheets 

to retreat. 
- During the transition between the last Glacial to the present Interglacial about 13,000 years ago, more 

than three-fourths of the large Ice Age animals, including woolly mammoths, mastodons, saber-
toothed tigers and giant bears, died out. 

 
1.4 How the Ice Ages are studied 

 
The scientists search for Climate proxies, that is, preserved physical characteristics of the past that stand 
in for direct measurements or statistical analysis to enable reconstruct the climatic conditions that 
prevailed during much of the Earth's history. These proxies can be classified in three groups: 

 
1. Geological:  Study of the evidence for ice ages comes in various forms, including rock scouring and 
scratching, glacial moraines, drumlins, valley cutting, and the deposition of till or tillites and glacial 
erratics. For example, the study of the Ice core is essential in determining the CO2 concentration in the 
atmosphere and temperature during the Ice ages. 

 
2. Chemical: Study the ratios of isotopes in fossils present in sedimentary rocks, ocean sediment cores 
and Ice cores. For example in concentration of isotopes in the ice is closed related with the temperature 
prevailing at time of formation of the ice. 
 
3.  Paleontological: Study of the changes in the geographical distribution of fossils. During the Glacial 
and Interglacial periods organisms spread into lower or higher latitudes according their environmental 
preferences. 
 
The interpretation of theses proxies is a very difficult process because they can be confounded with 
other factors. 

2. CURRENT GLOBAL CLIMATE SITUATION 

The general causes of climate variation were stated above. The climate change is characterized by 
alteration of the frequency of precipitations and storms, direction of oceanic currents, winds, global 
average temperature and has important impact on the biosphere and economic. Maybe the most important 
weather element to be considered is the temperature accounting for the decisive influence on the 
phenomena that determine the weather. 

2.1 Global warming 

As it was mentioned above, Global Earth climate today is transiting by and Interglacial period when the 
global average temperature has increased and the ice sheet has retracted from many regions. 
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- The natural occurring reasons for this situation were stated above. However, in the last century should 
be consider an important factor that has increased the global temperature at unprecedented rate: the 
human activity. The majority of the climate scientists (Climatologists) agree that this factor is decisive 
in the analysis of the accelerated global warming. 

- The term Global Warming refers to the predicted rise in the global average temperature. The climate 
models predict that the average global temperature will increases by at least 2oC by 2050. There is a 
consensus that the main cause of the temperature rise is related with the enhancement of the Greenhouse 
effect as consequence of the important modification of Greenhouse gases concentration in the 
atmosphere.  

-  Prior to the Industrial revolution (1760) the CO2 levels in the atmosphere were fairly constant at about 
280 ppm. During the 1800s, CO2 levels starting to increase achieving today a worrisome level of about 
380 ppm. 

 

 

 

 

 

 

 

           

 

 

 

                        Fig.5  Variation of the atmospheric CO2 concentration over the last years.  
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Apart of the natural occurring causes of the Global warming, today should be considered several 
classified in two groups even when they are closely related: 

1. Natural occurring 

     a) Natural deforestation: It refers to the natural burning of the forests and rainforests.  

Deforestation, to certain extent, is an important element in a positive (destabilizing, destructive) 
feedback loop. The output is the increase of the CO2 concentration when the forest is burn or when 
the absorption of CO2 is limited. Consequently the atmosphere temperature increases, the 
precipitation frequency is altered and certain region becomes dryer facilitating the natural burning 
of the forests and rainforests.  

     b) Ocean absorption: The Oceans absorb important amount of CO2.  

 The decrease of Ocean absorption of CO2 due to the warming of the water that decrease the 
solubility of the gases is an input in a positive (destabilizing, destructive) feedback loop. 

2. Human activity 

a) Burning fossil  

b) Deforestation 

c) Atmospheric pollution 

c) Population growth and non-green lifestyle. 

Burning of fossil  

The use of fuel of fossil origin in the generation of electric energy (thermoelectric power plants) 
constitutes the main source of emission of CO2, the most important greenhouse gas, to the atmosphere. 
The accidental burning of rainforest releases important additional amount of this gas.  

Deforestation  

The forests and rainforests are the lung of the planet. The trees absorb the CO2 from atmosphere. At the 
same time the forests and rainforest are the habitat of important living species. 

Presently the forests and rainforests are being destroyed at unprecedented rate directly or indirectly by the 
human. Some of the human activities harmful for those systems are:   

a) Cattle ranching 

b) Logging 

c) Mining 
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d) Oil search 

e) Dams 

Atmospheric pollution 

It refers to the addition in the atmosphere of pollutants:  gases or solid particles toxic for the humans or 
harmful for the climate. The pollutants can be primary or secondary. The primary are the pollutants the 
pollutants emitted by the human activities and secondary are those formed from the primary in the 
atmosphere. 

The most important pollutants are: (CO2 being pollutants will not be considered in this part has been 
mentioned previously as a main greenhouse gas. 

- Aerosols of microscopic solid particles 

- Nitrogen oxide compounds (NOx) 

- Carbon monoxide (CO) 

- Sulfur dioxide (SO2) 

- Tropospheric ozone (O3) 

For the sake of exemplification, we can mention the effect of the Aerosols on the Global average 
temperature. Even though some of the aerosols (Soot and black carbon) tend to warm the Earth 
atmosphere absorbing the sunlight, most of aerosols contribute to the cooling of the atmosphere reflecting 
the sunlight. 

Population growth and non-green lifestyle 

The humans are emitting daily important amount of CO2 to the atmosphere. Billions of tons of CO2 are 
pumped to the atmosphere each year. The main sources are: 

a) Energetic and non-energetic industries. 

b) Automobile. The combustion of a single gas tank produces up to 6 ton of CO2 per year. 

c) The airplane releases 5 ton of CO2 per year. 

The human population is grows at a rate of about 240 000 individuals every day and consequently the 
demand of industrial production and energy generation increase every day. The adoption of a green 
lifestyle is urgency. 

A large number of variable impede the Climatologists from doing an accurate specification of the 
temperature rise rate and the rate at which consequences will be develop. Some mechanisms that lead to 
positive and negative feedback loops can be predicted, other are not well understood and even unknown. 
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                Fig. 6 Comparison of the variation of the global average temperature over more than  

                         100 years with the simulated values.   

 

2.2 Impact of the Global warming 

The main impacts of the Global climate change are: 

a) Change in the precipitation 

b) Melting ice and snow 

c) Rising of the sea levels 

d) Ecosystem affectation of the ecosystems. 

e) Affectation of the Frequency of storms. 

f) Economy affectation 

A common characteristic of these impact is the inhomogeneity with respect the geographic regions. The 
warming of the Earth is inhomogeneous and variations of the impacts are observed along the Earth 
surface. 
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Change in the precipitations 

In principle warmer atmosphere hold more vapor water. However complex changes of the precipitations 
are being observed with regions receiving more precipitations and regions receiving fewer precipitations. 
In general precipitations will increases at high latitude and decrease at low and middle latitudes.  

Melting ice and snow 

The Global warming is impeding the accumulation of snow in the mountains and thus reducing the 
available fresh water in the Summer for the communities close of that mountains. 

The ice sheet of Arctic, Antarctic and Greenland is melting faster. A Positive feedback loops is observed. 
When the ice sheet decreases, the Earth’s albedo decreases and consequently more sunlight is absorbed 
and the surface warm leading to the melting of the ice sheet. 

 

 

 

 

 

 

 

 

 

                  Fig. 7 Map of Greenland where is observed the evolution of the  ice sheet melting. 

Rising of the sea levels 

A direct consequence of the ice melting is the logic rise of the sea levels. Another cause of the increase in 
the sea levels is the expansion in volume of the warmer ocean water. Higher sea levels lead to beach 
erosion, coastal flooding, and intrusion of saltwater into aquifers.  

Rising of the sea water will destroy communities and disappear beaches and island affecting millions of 
persons (environmental refugees). 
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             Fig. 8 Possible reduction of the Florida land as a consequence of the water intrusion.  

Affectation of the frequency of the storms 

The variations in the distribution of the Earth warming, atmospheric pressure, winds and ocean 
temperature is changing the frequency of the storms as Tropical cyclones and hurricanes.   

Affectation of the ecosystems 

The regional change of precipitations patterns, intrusion of water and other phenomena related with the 
Climate change will affect the habitats of many species, extinguish some of them and forcing migration to 
another. Above was mentioned the term of environmental refugees thought specifically for the humans. 

 

 

 

 

 

 

 

Fig. 9 The marine life will be affected by the increase of the temperature in the oceans. In the figure is 
observe the coral reef bleaching.  
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Economy affectations 

The affectations of the economy due to the Global Climate change are obvious: relocation of 
communities, real state, agriculture, etc, etc. 

 

 

 

 

 

 

 

 

                Fig. 10 The reduction of the available grounds for the agriculture is in progress. 

 

 

 

 

 

 

 

 

 

 

 

 

                                       Fig. 11 Predicted change of the Global climate. 
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The tracking, analysis and prediction of the global climate change and impact is done by many 
international, governmental and non governmental organizations. One of the most important is the 
Intergovernmental Panel on Climate Change (IPCC). This organization releases assessment reports (AR) 
that summarizes thousands of scientific studies about the Global Climate and the consensus of many 
climatologists. The fifth and last available report (AS5) was released in 2013. 

2.3 Conservation of the Climate “health” (this topic will not cover in this work but it’s mandatory in 
any class about this subject).  
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