
Chapter 6: Global 

Climate Change 



Section 1: Paleoclimate 

The cross section of a tree trunk shows numerous rings. 

• What do you think the light and dark rings represent? 

• What can you infer about climate from the varying thicknesses 

of the rings? 





• global climate: the mean climatic conditions over 

the surface of Earth as determined by the averaging 

of a large number of observations spatially 

distributed throughout Earth. 

• paleoclimate: the climatic conditions in the geologic 

past reconstructed from a direct or indirect data 

source. 

• glacial interval: period of time during which Earth 

experiences colder than average climate and 

glaciers expand. 

• interglacial interval: period of time during which 

Earth experiences temperatures warmer than during 

glacial intervals and glaciers recede. 

Section 1: Paleoclimate 



Figure 1 Changes over time in the relative amounts of different 

types of pollen from various trees and grasses give clues as to 

how climate has changed in the past. 



• Little Ice Age: the time period from the mid-1300s to 

the mid-1800s. During this period, global 

temperatures were at their coldest since the 

beginning of the Holocene. 

• continental ice sheet: a sheet of ice (often referred 

to as a glacier) of great thickness and area, large 

enough to cover a continent. 

• paleoclimatologist: a scientist who studies Earth’s 

past climate. 

• climate proxy: any feature or set of data that has a 

predictable relationship to climatic factors and can 

therefore be used to indirectly measure those 

factors. 
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Figure 2 Scientists are able to obtain clues about past climatic 

conditions from air bubbles trapped in ice cores. 



Figure 3 Temperature variation over the past 420,000 years, 

relative to the modern surface temperature at Vostok, Antarctica 

(–55.5°C). 



• isotope: one of two or more kinds of atoms of a 

given chemical element that differ in mass because 

of different numbers of neutrons in the nucleus of the 

atoms. 

• foraminifera: an order of single-celled organisms 

(protozoans) that live in marine (usually) and 

freshwater (rarely) environments. Forams typically 

have a shell of one or more chambers that is typically 

made of calcium carbonate. 

• loess: the deposits of windblown silt laid down over 

vast areas of the mid-latitudes during glacial and 

postglacial times. 
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Figure 4 A glacier carries ground-up pieces of rock and 

sediment into lakes and oceans. 



Tree Rings Paleoclimate is also recorded in the annual growth rings in trees. 

Trees grow more during warm years than during cold years. A drawback to 

tree rings is that few tree species live long enough to provide a look very far 

into the past. Bristlecone pines, which can live as long as 5000 years, and 

giant sequoias, which can also live several thousand years, are most often 

used. 



Section 2: How Do Earth’s Orbital Variations 

Affect Global Climate? 

When it is winter in New York, it is summer in Australia. 

• Why are the seasons reversed in the Northern and 

Southern Hemispheres? 



Figure 1 The tilt of Earth’s axis explains the seasons. Note that 

Earth and the Sun are not shown to scale. 



• orbital parameters: any of a number of factors that 

describe the orientation and/ or movement of an 

orbiting body or the shape of its orbital path. 

• eccentricity: the ratio of the distance between the foci 

and the length of the major axis of an ellipse. 

• obliquity: the tilt of Earth’s rotation axis as measured 

from the perpendicular to the plane of Earth’s orbit 

around the Sun. The angle of this tilt varies from 22.1° 

to 24.5° over a 41,000-year period. Current obliquity is 

23.5°. 

• precession: any of a number of changes in an orbiting 

body’s axis of rotation or orbit, due to gravitational tugs 

by the Sun, Moon, and major planets. 
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Figure 2 Schematic diagram showing occurrence of the aphelion and 

perihelion. 

perihelion: the point in Earth’s orbit that is closest to the Sun. 

Currently, Earth reaches perihelion in early January. 

aphelion: the point in Earth’s orbit that is farthest from the Sun. 

Currently, Earth reaches aphelion in early July. 



Figure 3 The angle of tilt of Earth’s axis varies between about 

24.5° and 22°, causing climatic variations over time. 



• insolation: the direct or diffused shortwave solar radiation 

that is received in Earth’s atmosphere or at its surface. 

• inverse-square law: a scientific law that states that the 

amount of radiation passing through a specific area is 

inversely proportional to the square of the distance of that 

area from the energy source. 

• axial precession: the slow clockwise rotation of the axis of 

Earth around a cone, one cycle in about 26,000 years, due 

to gravitational tugs by the Sun, Moon, and major planets.  

• orbital precession: rotation of the major axis of Earth’s 

elliptical orbit about the Sun. 

• Milankovitch cycles: the cyclical changes in the geometric 

relationship between Earth and the Sun that cause 

variations in solar radiation received at Earth’s surface. 
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Figure 4 Interpretation of Milankovitch cycles over the last 

800,000 years. 



Section 3: How Do Plate Tectonics and 

Ocean Currents Affect Global Climate? 

Currents flow both at the surface and deep in the ocean. Ocean currents help 

to regulate global climate by transferring heat and moisture around the globe. 

• How would a change in the position of a landmass influence global 

climate? 



Development of the Antarctic Circumpolar Current. 



Figure 1 This thermal infrared image of the northwest Atlantic 

Ocean was taken from an NOAA satellite. The warm 

temperatures (25°C) are represented by red tones, and the cold 

temperatures (2°C) by blue and purple tones. 



• heat capacity: the quantity of heat energy required to 

increase the temperature of a material or system; typically 

referenced as the amount of heat energy required to 

generate a 1°C rise in the temperature of 1 g of a given 

material. 

• thermohaline circulation: the vertical movement of 

seawater, generated by density differences that are caused 

by variations in temperature and salinity. 

• lithospheric plate: a rigid, thin segment of the outermost 

layer of Earth, consisting of Earth’s crust and part of the 

upper mantle. The plate can be assumed to move 

horizontally and adjoins other plates. 

• plate tectonics: a theory in which the lithosphere is divided 

into a number of plates that move relative to each other. 
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Figure 2 Circulation cell formed by the movement of deep-water 

masses in the ocean. 



Figure 3 (left) An ice-core 

station in Antarctica. 

Figure 4 (right) Millions of 

years ago, the Antarctic 

Circumpolar Current did not 

flow all the way around 

Antarctica as it does now. 



Figure 5 The geologically young Himalayan Mountains formed 

when the India continent collided with Asia. 



Section 4: How Do Carbon Dioxide Concentrations in 

the Atmosphere Affect Global Climate? 

“What has happened to winter?” You may have heard comments 

like this in recent years during mild winters. 

• What causes “global warming”? 



Atmospheric Carbon Dioxide Concentrations Over the Last 

Century 



Atmospheric Carbon Dioxide Concentrations Over the Last 

Century 



Figure 1 The spectrum of electromagnetic radiation. 



• correlation: a mutual relationship or 

connection between variables. 

• greenhouse gases: gases in Earth’s 

atmosphere that absorb certain wavelengths 

of the long-wave radiation emitted to outer 

space by Earth’s surface. 

• photosynthesis: the process by which plants 

use the energy from sunlight to convert carbon 

dioxide into organic material, allowing them to 

grow. 

Section 4: Carbon Dioxide and Climate 



• carbon cycle: the continuous exchange and 

recycling of carbon through the Earth system. 

• biogeochemical cycle: the flow of chemical 

elements and compounds between living 

organisms and the physical environment. 

• reforestation: the replanting of trees on land 

where existing forest was previously cut for 

other uses, such as agriculture or pasture. 

Section 4: Carbon Dioxide and Climate 



Figure 2 Schematic diagram illustrating how the greenhouse 

effect works. 



Figure 3 Global carbon cycle. Fluxes (changes) are given in 

billion metric tons per year and reservoirs in billion metric tons. 



Figure 4 Variations in temperature and carbon dioxide (CO2) 

concentration in parts per million by volume (ppmv) over the 

past 420,000 years interpreted from Antarctic ice cores. 

Temperature change is relative to the modern surface 

temperature at Vostok, Antarctica (–55.5°C). 



Figure 5 Clear-cut forest area in Olympic National Forest, 

Washington. 



Section 5: How Do Glaciers Affect Sea Level? 

Imagine that Earth’s climate suddenly became drastically warmer and all of the 

glaciers and ice sheets melted. 

• What would happen to the sea level? Why? 

• How could you predict precisely which parts of the United States would 

be affected by the change in sea level? 



Figure 1 Glaciers are an important phase in Earth’s water cycle. 



• lowstand: the interval of time during a cycle of 

sea-level change when sea level is about at its 

lowest position. 

• lithosphere: Earth’s crust and the uppermost 

part of the mantle. 

• asthenosphere: lower part of Earth’s mantle that 

can flow very slowly. 

• subsidence: sinking or downward settling of 

Earth’s surface. 

• postglacial rebound: the gradual rebound (uplift) 

of Earth’s crust after the melting of glaciers. 

Section 5: Glaciers and Sea Level 



Figure 2 The approximate extent of ice sheets in North America 

during the last Pleistocene glaciation. 



Figure 3 The mouth of the Hudson River. 

Figure 4 The addition of weight from an ice sheet (1) causes the 

lithosphere to bow downward (2). When the weight of the ice is 

removed (3), the crust rebounds to its original position (4). 





Section 6: How Do Rising and Falling Sea Levels 

Modify the Landscape? 

New York City is located on several islands. The channels between these 

islands, such as the East River, which separates Manhattan from Brooklyn and 

Queens, are former stream valleys flooded by rising sea level. 

• Do you think the activity of glaciers in the past has affected the 

landscape where your community is located? What is your evidence? 

• Do you think the activity of glaciers could affect your community in the 

future? Why or why not? 



Figure 1 A flooded river valley forms a protected harbor in 

Baltimore. 



Figure 2 Shallow regions of the Bering Strait (shown in green) 

were exposed as land during the last ice age. 



Figure 3 Aerial photo of Cape Cod. The Cape consists of glacial 

deposits called terminal moraines and outwash plains. 



Topographic map of southeast Boston. Scale 1:25,000 (1 cm on the map 

represents 250 m on the ground). The contour interval is 3 m. 



Section 7: How Might Global Warming Affect 

Your Community? 

Some scientists think that the average global temperature may increase by 

several degrees Fahrenheit by the end of the twenty-first century. 

• How do you think global warming could affect your community? 



Figure 1 Relative global temperature from 400 BCE to the present. 



• urban heat-island effect: the observed condition 

that urban areas tend to be warmer than surrounding 

rural areas. 

• feedback loops: the processes in which the output 

of a system causes positive or negative changes to 

some measured component of the system. 

• positive feedback: a relationship where an increase 

in one factor ultimately leads to a further increase in 

that factor. 

• negative feedback: a relationship where the effect 

of a change acts to reduce the cause of that change. 

Section 7: Global Warming and Your Community 



Figure 2 An example of a positive feedback loop. 



Figure 3 How can clouds influence climate? 



Figure 4 Global warming may cause an increase in the number 

of extreme winter snowstorms. 




