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 Bloom’s Taxonomy Introductory Exercise

1. Examine the six questions below. Assume you are a student in classes where these questions would be appropriate. Rank the questions in the six categories of Bloom’s Taxonomy using the handout provided.  

1. Which one of the following values approximates best to the volume of a sphere with radius 5m?
a) 2000m³      b) 1000m³   c) 500m³    d) 250m³   e) 125m³

1. How successful were recent income tax cuts in spurring economic growth?

1. What is the capital of Maine?

1. How would you restructure the school day to reflect children’s developmental needs?

1. Contrast the floor of the Atlantic Ocean with the shape of a bathtub.

1. Which statements in the President’s State of the Union address were based on facts and which were based on assumptions?




Bloom’s Taxonomy Classification Activity
Complete the table below by circling the abbreviation of the appropriate taxonomy level for your assigned exercises. Place each exercise into one of the six classes (Remembering, Understanding, Applying, Analyzing, Evaluating, and Creating). Some exercises may display multiple questions that can be ranked at different levels in the Taxonomy. Select the highest level.

	Exercise
	Bloom’s Taxonomy Level

	1. Observing the Earthquake machine
	R      U      Ap      An      E      C

	2. Introducing topographic maps
	R      U      Ap      An      E      C

	3. Oil vs. Coal Venn Diagram
	R      U      Ap      An      E      C

	4. Carbon Cycle Concept Map
	R      U      Ap      An      E      C

	5. Groundwater Consulting Case
	R      U      Ap      An      E      C

	6. Comparing Erosion Sources
	R      U      Ap      An      E      C

	7. Economic Development & Resource Use
	R      U      Ap      An      E      C

	8. Avoiding a Hurricane: Stay or Go?
	R      U      Ap      An      E      C

	9. Groundwater Rubric
	R      U      Ap      An      E      C

	10. Global Warming Definitions
	R      U      Ap      An      E      C

	11. Who Cares about Phosphate?
	R      U      Ap      An      E      C

	12. Agricultural Fact Sheet 
	R      U      Ap      An      E      C

	13. Climate of Change Reading Quiz
	R      U      Ap      An      E      C

	14. Greenland Ice Data
	R      U      Ap      An      E      C

	15. This Activity
	[bookmark: _GoBack]R      U      Ap      An      E      C


 

1. [image: ]Observing the Earthquake Machine

Earthquake Machine Activity #1
i. Arrange the apparatus to match the “starting position,” shown above. Mark the position of the cord/tubing connection and the forward edge of the brick.  The device is now in the starting position, before there has been any motion on the fault.   
ii. Predict what will happen when we turn the crank handle. Slowly turn the crank.  
iii. Watch for any “earthquakes” represented by motion of the brick. When an earthquake occurs, stop turning the crank while we record how much the brick has moved and mark its new position.  Also record how far the cord/tubing connection has moved from its initial position.
iv. Continue turning the crank and recording the motions until the brick travels to the end of the sandpaper.

Earthquake Machine Question
1. In nature, what are the equivalents for:
a. The sandpaper surface
b. The movement of the brick
c. The turning of the crank handle
d. The stretching of the tubing?
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2. Introducing Topographic Maps

Examine the map of the Raleigh West topographic quadrangle provided by your instructor.  The fine irregular brown lines represent contours, lines that connect points of equal elevation. Each contour represents a 10 foot change in elevation.  Every 5th contour is drawn with a heavier line.  
1. Use the contours to estimate the elevation of Meredith College near the center of the map.
Elevation ________
2. What is the difference in elevation between the surface of Lake Johnson and the main buildings of Athens Drive High School in the southeast corner of the map?
Elevation difference _______________
3. Examine the northwest corner of the map and find the ridge that lies below the northern half of Ebenezer Church Road.  What are the names of the two streams that are separated by the ridge?
Stream names __________________________________________________________
[image: RockyCreekBasin]


3. Oil and Coal Venn Diagram
Compare Oil and Coal Resources
1. Use the Venn diagram to compare and contrast the similarities and differences between the characteristics of oil and coal resources. 
Oil Resources
Coal Resources


B


A








A. No current production in North Carolina
B. Formed from vegetation  
C. Examples of fossil fuels
D. Main source is dead organisms   
E. Produce greenhouse gases when consumed
F. Need sufficient heat and burial during formation  
G. Produced from kerogen
H. Non-renewable 
I. Formed from marine organisms 
J. 25% of global reserves in US
K. Produced by mining 
L. Migrate upward after formation
M. Texas produces more than any other US state
N. Used to produce gasoline
O. Most used to generate electricity
P. Contain carbon
Q. Middle East has most of world’s reserves
R. Four varieties based on increasing carbon content (e.g., peat, anthracite)
S. From tar sands and oil shales
T. US uses 25% of global production
U. Typical power plant fuel
V. Most is imported from other nations
W. Forms over very long time intervals (100,000s+ years



4. Carbon Cycle Concept Map

Complete the concept map below to show how carbon is transferred between the four components of the Earth System. Two links are included as examples to get you started. You should have at least one link to or from each component.

[image: carbon_cycle_article_start.bmp]



5. Groundwater Consulting Case

A local college learns that the level of heating oil in one of their underground storage tanks is lower than would be expected. They do not know how long this has been the case. They perform a tightness test on the tank and lines that leave it and discover that there is a leak in the system. They need to hire an environmental consulting firm to determine the extent of the leak and how to clean it up.

Your group is the group they hire. You need to first drill wells near the tank to determine if the tank actually leaked into the groundwater. Then, if there is a leak, you will need to figure out the extent of the leak by drilling more wells. For each well, you measure the elevation of the water table. You can also send the water samples to a lab for them to test for the Total Petroleum Hydrocarbons (TPH).

	TPH Value Interpretation

	less than 200 ppb 
	Clean

	between 200 and 20,000 ppb
	Contaminated

	more than 20,000 ppb
	Very Contaminated



The company hires you for a total budget of $6500. 
· It will cost you $1500 to write the final report for the company. 
· It costs $1000 to drill 4 wells, and this includes measuring the elevation of groundwater. 
· Because you hire the driller for a day, you need to drill 4 wells at a time. 
· The TPH test costs $75 for each sample, and there is no daily limit.

Once your group determines the locations of the wells you want to drill, present your drill requests to your instructor. The instructor will give you the elevation of the water table in the wells. If you want to perform the TPH test, the instructor will give you the results for your wells.
The TPH test can be done at any time for the wells you drill.

After determining the extent of the leak (while staying within your budget) you need to prepare a report for the college which hired you. Your report will include a colored map showing:
· the extent of the leak (be sure to ‘fill in the gaps’ so your map shows where you interpret the entire leak to be, not just where you have measured it) [5 pts]
· arrows showing the direction of groundwater (contamination) movement [2 pts]
· locations of wells [2 pts]
· ground water contours [2 pts]
· table showing the data collected along with the budget (next page). [4 pts]

6. Comparing Soil Erosion Sources

1. Students use the maps below (presented as larger versions) to describe how erosion rates associated with human activity compare to natural erosion rates. 
2. [image: ]Students reexamine both erosion figures and estimate how much area is potentially producing soil (estimate to the nearest 10%.)  
3. Students identify if the soil at their location is threatened under present erosion rates.


[image: ]


7. Economic Development and Resource Use

[image: PPT of Figure 2]The figure below shows consumption and extraction trends for various types of products in three different regions (North America, South America, and India) since around 1970.
Consumption and extraction of various specific commodities in thousand metric tons for North America (left), South America (middle) and India (right). A. Base metals (Aluminum, copper, lead, and zinc); B. Iron and steel; C. NPK (Nitrogen, phosphorus, and potassium), components often used in the production of fertilizer. From Rogich and Matos, 2008. North America includes the Canada, the United States, and Mexico.
1) Describe the trends in consumption (toward more recent times) for all three regions.


2) Give a possible explanation for the trends in consumption in India. In North America


3) India currently uses more NKP than South America, even though India is less developed. Why might that be the case? 



8. Avoiding a Hurricane: Stay or Go?

Goal: Use data to predict hurricane track and make recommendations for a ship in the potential path of a hurricane at sea.
Background: Hurricanes in the North Atlantic can be tracked after they form, and often follow similar routes (Figure 1).  Generally, a hurricane will travel from east to west and then north. North of about 30N, a hurricane will often turn to the northeast, following warmer waters of the Gulf Stream. Predictions for a hurricane’s position are made for three to five days into the future, with the hurricane’s likely path represented by a cone (Figure 2). The cone is larger further from the present location of a hurricane because uncertainty increases with forecast time. The entire track of the hurricane is within the cone 60-70% of the time.                                                   Fig. 1 North Atlantic hurricane paths (2005)

* Miami
* Galveston

Scenario: It is Friday morning and your container ship in Miami is scheduled to sail for Galveston, Texas, this afternoon.  It is normally a three-day trip, but a hurricane is predicted to be near Miami by Sunday night (Figure 2). 
1. What do you do? Explain the relative risks of staying in port or heading to Galveston on schedule.

Figure 2. Hypothetical hurricane track.


9. Groundwater Rubric

You are part of a team that is given an assignment to help locate a new well field that will supply your town with water. In examining the potential site locations you recognize that there are several different factors that will influence groundwater availability and no site is perfect.  
You are asked to create a scoring rubric to evaluate at least five factors that will influence the availability of groundwater. The location that scores the highest using the scoring rubric will be selected for the well field. One factor is included as an example in the table below; identify four more.  
You are given the opportunity to identify which is the most important factor and double its score. Which factor would your choose?

  Factors
Good			Moderate			Poor
   (3)			      (2)				  (1)


Depth to water table
Shallow	        Intermediate		         Deep
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10. Global Warming Definitions
Review the student definitions of global warming below and rank them from best to worst (best = 1, worst = 7). In the space below identify the criteria you used to rank the definitions. (For example, why is the 1st ranked definition better than the 7th ranked definition?)

___  Global warming occurs when the temperature of the environment reaches a certain level. It results from more sunlight reaching Earth as the atmosphere decays because of pollution. Breaks in the atmosphere allow extra heat to reach Earth.

___  Global warming is the gradual warming of Earth due to the greenhouse effect.

___  Global warming is a gradual, long-term increase in the temperature of Earth due to an increase in the concentration of trace atmospheric gases such as carbon dioxide that trap heat from Earth’s surface.

___  Global warming occurs when the temperature of the Earth slowly increases because a layer of chemicals in the atmosphere traps more heat than normal.

___  Global warming is the warming of climate over many years as a result of natural phenomena such as volcanic eruptions, El Nino, that trap heat close to Earth’s surface.

___  Global warming is the result of the ozone layer in the atmosphere becoming thinner due to certain chemicals we use. This causes more solar radiation to reach Earth’s surface, leading to higher average temperatures.

___  Global warming is due to Earth’s position in space relative to the Sun. Solar radiation strikes the Earth more directly during times of global warming as a result of changes in Earth’s orbit.



11. Who Cares about Phosphate?

This is the second half of a Jigsaw Activity that began with students divided into groups of four with each group reading one of the following short articles: 
· Group 1: Mining: U.S. and Global Production and Consumption
· Group 2: Some Effects of Phosphate Mining, Processing, and Use on Land and Water
· Group 3: Fertilizer Use and the Phosphate Cycle
· Group 4: The Economics and Politics of Phosphorus
Students are then divided into new groups composed of four members, one from each of groups 1, 2, 3 and 4. 

Part 1: As a group, pick five stakeholders involved in extraction and use of phosphorus (mainly as phosphorus fertilizer). Write these in the first column of the attached worksheet. Next, describe how the extraction and use of phosphate fertilizer affect the five individual stakeholders. 

Part 2: As a group, suggest what could be done to reduce phosphate fertilizer use or otherwise minimize harm (and maximize benefit) to the stakeholders? You can pick from the list below or write your own. Write a paragraph describing your plan and a brief explanation of why you picked it (some examples excluded for this exercise).
· Stop mining/processing phosphorus in the United States and import fertilizer instead.
· Capture phosphorus from (human) wastewater and use this as a fertilizer.
· Require (or strongly recommend) that fertilizer users test the phosphorus levels in the soil and only apply the amount of fertilizer (if any) needed.
· Change farming to use no-till agriculture, where fields are not plowed; instead, seeds are grown amid the previous years’ dead plants.

Part 3: Finally, fill out the third column of the table on the worksheet to summarize how the stakeholders will benefit or be harmed by the adoption of the alternative solution your group proposed in Step 2

	Stakeholder – STEP 1
	Explain the benefits or harm to this stakeholder based on current phosphorus extraction and use (see instructions) – STEP 1
	Explain how and why adopting your alternative plan might change how phosphate extraction and use impacts each stakeholder – STEP 3

	
	


	


12. 
Agricultural Fact Sheet
In this assignment, your job will be to think about how knowledge about soils and landscape characteristics could be useful to a farmer in your region and what recommendations you might make to help farmers plan for mitigation of the effects of climate change. You will need to carefully consider everything you have learned and how you would explain it to someone without a science background.

Assignment overview
Your task is to create a fact sheet for farmers in your region. Fact sheets are often used by scientists to disseminate results of their work to the general public. Fact sheets are also commonly used by researchers in agriculture-related fields to share their findings with farmers and citizens. Your fact sheet should characterize local soil properties important to fertility, discuss regional erosion rates, describe the predicted effects of climate change on erosion rates in your region, and make recommendations for agricultural practices that can be used to mitigate soil loss both today and in the future.

Addressing stakeholder needs
Your fact sheet should include recommendations for how farmers might adapt their practices to mitigate the effects of climate change and/or minimize soil loss through erosion. As you decide what recommendations you will provide, you will need to consider the needs of the farmers along with the science you have learned. You should address the social and economic implications of implementing your recommendations. Take care to acknowledge the challenges farmers could face when trying to implement new practices.

General format and audience
Most fact sheets are about two pages long so that they can fit on a single piece of paper (front and back) and have a good balance of text (in a readable font), white space, and images. An effective fact sheet is informative and visually interesting; use your creativity! 
It is important to keep your audience in mind as you write the text for your fact sheet. You can assume that your reader has some knowledge of the topic, particularly farming practices, but will not be familiar with much of the terminology we have used in this class. It is important to define any terms you use. Informative subject headings within the document will also help your reader follow your narrative.
Please see the Fact Sheet Grading Rubric for a breakdown of expectations for exemplary performance, good performance, basic performance, poor performance, and nonperformance.


13. Climate of Change Reading Quiz

Student Self-Assessment and Reading Quiz

Circle the correct answers.

1) For the Andean people, which of the following crops are sensitive to climate and require adjustments to planting time in order to ensure a good harvest?
a. corn
b. quinoa
c. wheat
d. potatoes

2) Around which time of the year do the people of the Andes observe the constellation Pleiades?
a. December
b. March
c. June
d. September

3) The decision of whether to plant potatoes in December, rather than October, is made when:
a. villagers have a clear view of the Pleiades
b. villagers have an obscured view of the Pleiades
c. it rains in October
d. October temperatures are warmer than normal

4) What did Dr. Orlove use to verify the Incan forecasting technique?
a. records of precipitation on the coast of Peru
b. satellite records of cloud data
c. records of precipitation in high Andean villages
d. ocean surface temperature data from the tropical Pacific

5) On the Yucatan Peninsula in Mexico, scientists have been able to learn about the climate that affected the Mayans by:
a. examining written records of rainfall recorded in pyramids
b. examining sediments at Mayan archeological sites
c. examining changes in sediments along Yucatan beaches
d. examining sediments from the bottom of a regional lake


14. Greenland Ice Data

Reflecting on what is happening to Greenland’s ice. What do the data show?
(1) [bookmark: 4][bookmark: 5]Each person will be provided with some real albedo data from Greenland with time on the X axis and albedo on the Y axis. You will have a different graph than others in your group because albedo measurements were made at different elevations on the ice sheet. Study your graph and write a summary paragraph describing what your graph illustrates. Can you discern any trends in albedo values when you compare data from the initial few years with data from the most recent years?

[image: ]

(2) [bookmark: 8]Compare your albedo graph with the graphs of the other members of your group. Share observations about the different graphs and summarize what you interpret the albedo graphs data suggests could be happening to the Greenland ice sheet. 

(3) How confident would you be in predicting what the data for the rest of 2012 would look like on the basis of the graph? How certain would you be in predicting what the data for 2013 would look like? Write 2012 and 2103 along the “confidence line” below to indicate your response and briefly explain your answer.
Very confident
Not at all confident
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Figure 6. Estimates of average natural erosion (denudation)
rates inferred from GTOPO30 area-elevation data and
global fluvial erosion-elevations relations from Summerfield
and Hulton (1994). Mean rate of denudation for the entire
area of the contiguous United States is ~21 m/m.y.
(Wilkinson and McElroy, 2007, GSA Bulletin
January/February, 2007 vol. 119 no. 1-2 140-156 )
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Summerfield & Hulton (1994)
GTOPO30 (1996)
Identify units of erosion measurement.

What is the average natural erosion rate in millimeters
per year (1 meter = 1000 millimeters)?

Use the map legend to identify which types of
landscapes have the highest natural (not impacted by
humans) erosion rates and predict why these locations
have the highest rates.
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(Wilkinson and McElroy, 2007, GSA Bulletin
January/February, 2007 vol. 119 no. 1-2 140-156 )

U.S. Department of Agriculture
Natural Resources Division
Resources Assessment Division
Washington, DC (2000)
3. Use the map legend to identify which types of landscapes
‘or environments have the greatest erosion from human
activity.

4. How does that average rate compare to the average
‘natural rate of erosion?

5. Predict the potential source of human erosion in Figure B.
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FIGURE 22-A
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Figure 22.   Consumption and extraction in China. A, Base metals. 

B, Iron and steel. C, Nitrogen, phosphorus, and potassium (NPK).

FIGURE 22-B
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FIGURE 22-C
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FIGURE 23-A
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FIGURE 23-B
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Figure 23.  Consumption and extraction in India. A, Base metals. 

B, Iron and steel. C, Nitrogen, phosphorus, and potassium (NPK).

FIGURE 23-C
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than 30 years in use w as estimated to be about 10 percent 

(W orld Resources Institute, 2000).

Commodity flo ws represent only a portion of the material 

mobilized as part of the minerals c ycle. The ancillary , or hid -

den, material flo ws associated with e xtraction, concentration, 

and processing constitute f ar greater quantities than the com -

modities for man y commodity flo ws. These ancillary flo ws are 

comprised of the o v erb urden remo v ed during mining and quar -

rying and the non v alue minerals and materials separated from 

the product during the concentration and processing stages. 

Estimates of the amount of o v erb urden or mine rock remo v ed 

to gain access to the mineralized material are v ery site specif ic 

and estimating w orldwide quantities w ould be e xtremely tenu -

ous. A calculation of concentration and processing w aste can 

be made based on estimates of w orldwide a v erage grade data. 

T able 2  pro vides estimates of the concentration and processing 

w astes associated with 12 metal and mineral commodities in 

2004. While there is considerable v ariation from one commod -

ity to another , the quantity of w aste for all the commodities 

w as calculated to be about four times the weight of the mineral 

commodities e xtracted, e xcluding o v erb urden remo v al. It 

Table 2.  Calculated world concentration and processing 

wastes for selected mineral commodities in 2004.

[In thousand metric tons]

Commodities 2004

 Aluminum ................................................................. 129,100 

 Asbestos .................................................................... 61,770 

 Chromium ................................................................. 938 

 Copper ....................................................................... 1,607,622 

 Fluorspar ................................................................... 14,113 

 Gold ........................................................................... 485,998 

 Iron ............................................................................ 602,372 

 Lead ........................................................................... 126,473 

 Mercury ..................................................................... 254 

 Nickel ........................................................................ 68,110 

 Phosphate .................................................................. 96,400 

 Zinc ...........................................................................   170,175

 Total processing waste ........................................... 3,372,325

8  The Global Flows of Metals and Minerals FIGURE 20-A

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

1970 1975 1980 1985 1990 1995 2000 2005

YEARS

T

H

O

U

S

A

N

D

 

M

E

T

R

I

C

 

T

O

N

S

Consumption

Extraction

A

FIGURE 20-B
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FIGURE 21-C
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Figure 20.  Consumption and extraction in South America. A, 

Base metals. B, Iron and steel. C, Nitrogen, phosphorus, and 

potassium (NPK).

FIGURE 21-A
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Figure 21.   Consumption and extraction in Japan and the 

Republic of Korea. A, Base metals. B, Iron and steel. C, Nitrogen, 

phosphorus, and potassium (NPK).

FIGURE 21-B
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of steel, aluminum, copper, and lead and world consumption 

for individual years. Except for lead, used predominantly in 

lead acid batteries for which well-organized collection and 

recycling procedures have been established, the trends are not 

particularly encouraging. Although, steel recycling appears to 

be increasing from a plateau of less than 20 percent, the use of 

secondary copper currently appears to be only a little greater 

than 10 percent by 2004, and aluminum recycling rates ranged 

between 20 and 30 percent during the entire period.

Increasing the use of secondary resources represents a 

considerable challenge with respect to nonrenewable metal 

and industrial mineral resources. Although large amounts of 

construction minerals, including sand, gravel, and crushed 

stone, are consumed, they are relatively plentiful in most 

regions and therefore only small amounts are reused. A num -

ber of mineral commodities, such as fertilizer minerals, salt, 

and other industrial minerals, are used in a dissipative manner 

such that recycling is impossible. A large percentage of the 

metals commodity flow ends up in addition to the built infra -

structure where they remain with the current design of most 

products for a long time, before they are available for reuse. 

Some metal flows end up in complex products that inhibit 

rec ycling. As populations and the supporting infrastructure 

increase, the amount of material tied up in these applications is 

lik ely to increase.

Outputs

Outputs (releases) to the en vironment tak e place at e v ery 

stage of metal and mineral e xtraction, processing, use, and 

disposal where the y cause en vironmental disturbance and, in 

a number of cases, se v ere impacts. Unless rec ycled, all metal 

and mineral flo ws, e xcept those that become part of a long-

term b uilt infrastructure, ultimately e xit the economy either 

rapidly , as in the case of fertilizer and chemicals, or after a 

period of time, for those uses associated with durable con -

sumer goods. Because, on a tonnage basis, the lar gest flo ws 

are those associated with construction of long-term infrastruc -

ture, the percentage of commodity inputs that e xit quickly to 

the en vironment is small. In 2000, the percentage of metals 

and minerals inputs that e xited the U.S. economy after less 
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Figure 18.   Consumption and extraction in the European Union 

group of 15 countries (EU-15). A, Base metals. B, Iron and steel. C, 

Nitrogen, phosphorus, and potassium (NPK).
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Figure 19.  Consumption and extraction in North America. A, 

Base metals. B, Iron and steel. C, Nitrogen, phosphorus, and 

potassium (NPK).

metals (aluminum, copper , lead, and zinc), iron and steel, and 

the fertilizer minerals (nitrogen, phosphate, and potash) for six 

countries/re gions of the w orld. In North America (Canada, the 

United States, and Me xico) and the EU-15, the gap between 

consumption and e xtraction of base metals and iron and steel 

is widening—more material is consumed than e xtracted. This 

relationship is dif ferent for the fertilizer minerals. Extraction 

and consumption are nearly equal in the EU-15, and in 

North America, more fertilizer minerals are e xtracted than 

consumed. F or Japan and the Republic of K orea combined, 

consumption of each of the three commodity groups is greater 

than e xtraction. China e xhibits increasing consumption v ersus 

e xtraction relati v e to the tw o metal cate gories and nearly equal 

e xtraction and consumption of fertilizer minerals. The trends 

for India are the in v erse of most other e xamples—greater 

e xtraction than consumption of the metal cate gories and a 

widening gap between consumption and e xtraction of fertilizer 

minerals. The South American countries, along with other 

re gions not e xamined in this paper , are playing a major role 

in f illing the consumption/e xtraction gap for the tw o metal 

cate gories in the de v eloped countries and increasingly in 

China. Because the ancillary outputs associated with the 

extraction and initial processing of commodities can create 

considerable environmental impacts, particularly where 

the most advanced technology is not employed; the trends 

observed raise concerns about the environmental pressures in 

the extractive regions.

Use of Secondary Resources and 

Accretion in Stock

Metal and mineral commodities are nonrenewable 

resources, and therefore their total availability, while not 

readily definable, is finite. In this context, mechanisms that 

serve to reuse or recycle these materials increase long-term 

sustainability. Figure 24 displays the estimated percentage 

of world steel, aluminum, copper, and lead obtained from 

secondary sources. This percentage was obtained by calculat -

ing the difference between the global extracted metal content 
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Figure 18.   Consumption and extraction in the European Union 

group of 15 countries (EU-15). A, Base metals. B, Iron and steel. C, 

Nitrogen, phosphorus, and potassium (NPK).
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Figure 19.  Consumption and extraction in North America. A, 

Base metals. B, Iron and steel. C, Nitrogen, phosphorus, and 

potassium (NPK).

metals (aluminum, copper , lead, and zinc), iron and steel, and 

the fertilizer minerals (nitrogen, phosphate, and potash) for six 

countries/re gions of the w orld. In North America (Canada, the 

United States, and Me xico) and the EU-15, the gap between 

consumption and e xtraction of base metals and iron and steel 

is widening—more material is consumed than e xtracted. This 

relationship is dif ferent for the fertilizer minerals. Extraction 

and consumption are nearly equal in the EU-15, and in 

North America, more fertilizer minerals are e xtracted than 

consumed. F or Japan and the Republic of K orea combined, 

consumption of each of the three commodity groups is greater 

than e xtraction. China e xhibits increasing consumption v ersus 

e xtraction relati v e to the tw o metal cate gories and nearly equal 

e xtraction and consumption of fertilizer minerals. The trends 

for India are the in v erse of most other e xamples—greater 

e xtraction than consumption of the metal cate gories and a 

widening gap between consumption and e xtraction of fertilizer 

minerals. The South American countries, along with other 

re gions not e xamined in this paper , are playing a major role 

in f illing the consumption/e xtraction gap for the tw o metal 

cate gories in the de v eloped countries and increasingly in 

China. Because the ancillary outputs associated with the 

extraction and initial processing of commodities can create 

considerable environmental impacts, particularly where 

the most advanced technology is not employed; the trends 

observed raise concerns about the environmental pressures in 

the extractive regions.

Use of Secondary Resources and 

Accretion in Stock

Metal and mineral commodities are nonrenewable 

resources, and therefore their total availability, while not 

readily definable, is finite. In this context, mechanisms that 

serve to reuse or recycle these materials increase long-term 

sustainability. Figure 24 displays the estimated percentage 

of world steel, aluminum, copper, and lead obtained from 

secondary sources. This percentage was obtained by calculat -

ing the difference between the global extracted metal content 
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