
CHAPTER 1. PUSHING BEYOND THE EARTH’S LIMITS

1. United Nations, World Population Prospects: The 2002
Revision (New York: 2003).

2. International Monetary Fund (IMF), World Economic 
Outlook Database, at www.imf.org/external/pubs/ft/weo,
updated April 2004; Angus Maddison, Monitoring the World
Economy 1820–1992 (Paris: Organisation for Economic
Cooperation and Development, 1995).

3. World economy from IMF, op. cit. note 2; water use from Peter
H. Gleick, The World’s Water 2000–2001 (Washington, DC:
Island Press, 2001), p. 52; demand for seafood from 
U.N. Food and Agriculture Organization (FAO), Yearbook of
Fishery Statistics (Rome: various years); carbon emissions
from G. Marland, T. A. Boden, and R. J. Andres, “Global,
Regional, and National Fossil Fuel CO2 Emissions,” in Trends:
A Compendium of Data on Global Change (Oak Ridge, TN:
Carbon Dioxide Information Analysis Center, Oak Ridge
National Laboratory, U.S. Department of Energy, 2003), at
cdiac.esd.ornl.gov/trends/trends.htm, updated June 2004.

4. “China Delegation Bought More than 500,000 MT US 
Wheat–Traders,” Dow Jones Newswires, 19 February 2004;
China National Grain and Oils Information Center, China
Grain Market Weekly Report (Beijing: 16 April 2004).

5. U.S. Department of Agriculture (USDA), Production, 
Supply, and Distribution, electronic database, at www.fas
.usda.gov/psd, updated 13 August 2004.

Notes

from Lester R. Brown, Outgrowing the Earth: The Food Security Challenge
in an Age of Falling Water Tables and Rising Temperatures (NY: W.W. Norton
& Co., 2005). © 2005 Earth Policy Institute. All Rights Reserved.



Last Oasis (New York: W.W. Norton & Company, 1997), 
pp. 36–37.

23. Water-to-grain conversion from FAO, Yield Response to
Water (Rome: 1979); water use from Gleick, op. cit. note 3.

24. John E. Sheehy, International Rice Research Institute, 
Philippines, e-mail to Janet Larsen, Earth Policy Institute, 
2 October 2002.

25. Temperature rise from J. Hansen, NASA’s Goddard Institute
for Space Studies, “Global Temperature Anomalies in .01 C,”
at www.giss.nasa.gov/data/update/gistemp; USDA, op. cit.
note 5; USDA, World Agricultural Supply and Demand 
Estimates (Washington, DC: 12 August 2003); Janet Larsen,
“Record Heat Wave In Europe Takes 35,000 Lives,” Eco-
Economy Update (Washington, DC: Earth Policy Institute,
9 October 2003).

26. Intergovernmental Panel on Climate Change, Climate Change
2001: The Scientific Basis. Contribution of Working Group I to
the Third Assessment Report of the Intergovernmental Panel on
Climate Change (New York: Cambridge University Press, 2001).

27. Grain database at USDA, op. cit. note 5.

28. Figure 1–3 compiled from USDA, op. cit. note 5; Japan multi-
ple cropping index from Ministry of Agriculture, Forestry,
and Fisheries, Statistical Yearbook of Agriculture, Forestry,
and Fisheries (Tokyo: various years).

29. USDA, op. cit. note 5.

30. Ibid.

31. United Nations, op. cit. note 1; IMF, op. cit. note 2; Postel, 
op. cit. note 21.

32. USDA, Foreign Agricultural Service, Japan Grain and Feed
Annual Report 2003 (Tokyo: March 2003).

33. USDA, op. cit. note 5.

34. Ibid.

35. Ibid.; Susan Cotts Watkins and Jane Menken, “Famines in
Historical Perspective,” Population and Development Review,
December 1985.

36. “State Raises Rice Prices Amid Output Drop,” China Daily,
29 March 2004.

Notes: Chapter 1 197

6. Figure 1–1 compiled from ibid.; wheat prices from IMF, 
International Financial Statistics, electronic database, viewed
2 September 2004; U. S. export restrictions from David Rapp,
“Farmer and Uncle Sam: And Old, Odd Couple,” Congres-
sional Quarterly Weekly Report, 4 April 1987, pp. 598–603.

7. USDA, op. cit. note 5.

8. Ibid.; United Nations, op. cit. note 1.

9. USDA, op. cit. note 5; United Nations, op. cit. note 1.

10. Figure 1–2 compiled from USDA, op. cit. note 5, and from
United Nations, op. cit. note 1.

11. L. T. Evans, Crop Evolution, Adaptation, and Yield (Cam-
bridge: Cambridge University Press, 1993), pp. 242–44.

12. Fertilizer use from Patrick Heffer, Short Term Prospects for
World Agriculture and Fertilizer Demand 2002/03—2003/04
(Paris: International Fertilizer Industry Association (IFA),
2003); IFA Secretariat and IFA Fertilizer Demand Working
Group, Fertilizer Consumption Report (Brussels: December
2001); Worldwatch Institute, Vital Signs 2001 (Washington,
DC: 2001); irrigated area from FAO, FAOSTAT Statistics
Database, at apps.fao.org, updated 2 July 2004.

13. USDA, op. cit. note 5.

14. United Nations, op. cit. note 1.

15. John Krist, “Water Issues Will Dominate California’s Agenda
This Year,” Environmental News Network, 21 February 2003.

16. FAO, op. cit. note 3.

17. United Nations, op. cit. note 1.

18. Mark Clayton, “Hunt for Jobs Intensifies as Fishing Industry
Implodes,” Christian Science Monitor, 25 August 1993; Craig
S. Smith, “Saudis Worry as They Waste Their Scarce Water,”
New York Times, 26 January 2003; USDA, op. cit. note 5. 

19. IMF, op. cit. note 6.

20. USDA, op. cit. note 5; Gleick, op. cit. note 3.

21. Sandra Postel, Pillar of Sand (New York: W.W. Norton &
Company, 1999); United Nations, op. cit. note 1.

22. World Bank, China: Agenda for Water Sector Strategy for
North China (Washington, DC: April 2001); Sandra Postel,

196 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 196



CHAPTER 2. STOPPING AT SEVEN BILLION

1. United Nations, World Population Prospects: The 2002
Revision (New York: 2003).

2. Population Reference Bureau (PRB), 2004 World Population
Data Sheet, wall chart (Washington, DC: 2004).

3. United Nations, op. cit. note 1.

4. R. K. Pachauri and P. V. Sridharan, eds., Looking Back to
Think Ahead (abridged version), GREEN India 2047 Project
(New Delhi: Tata Energy Research Institute, 1998), p. 7.

5. United Nations, op. cit. note 1.

6. Population projections for Germany, Japan, and Russia from
United Nations, op. cit. note 1; Botswana, South Africa, and
Swaziland from PRB, op. cit. note 2.

7. Table 2–1 from United Nations, op. cit. note 1.

8. Ibid.

9. Ibid.

10. Ibid.

11. U.S. Department of Agriculture (USDA), Production, Supply,
and Distribution, electronic database, at www.fas.usda 
.gov/psd, updated 13 August 2004; United Nations, op. cit.
note 1.

12. Figure 2–1 compiled with data from USDA, op. cit. note 11,
and from United Nations, op. cit. note 1.

13. Editorial Desk, “Time for Action on Sudan,” New York
Times, 18 June 2004.

14. Ibid.

15. Somini Sengupta, “Where the Land Is a Tinderbox, the
Killing Is a Frenzy,” New York Times, 16 June 2004; Nigeria
population data from United Nations, op. cit. note 1; Gov-
ernment of Nigeria, Combating Desertification and Mitigat-
ing the Effects of Drought in Nigeria, National Report on the
Implementation of the United Nations Convention to Com-
bat Desertification (Nigeria: November 1999).

16. Sengupta, op. cit. note 15.

17. Ibid.

Notes: Chapters 1 and 2 199

37. USDA, op. cit. note 5.

38. “China Delegation,” op. cit. note 4; China National Grain
and Oils Information Center, op. cit. note 4.

39. IMF, op. cit. note 2.

40. World Bank, op. cit. note 22, p. vii.

41. Lester R. Brown, “China Losing War With Advancing
Deserts,” Eco-Economy Update (Washington, DC: Earth Pol-
icy Institute, 5 August 2003); Wang Tao, Cold and Arid
Regions Environmental and Engineering Research Institute,
China, e-mail to author, 5 April 2004.

42. “State Raises Rice Prices,” op. cit. note 36.

43. USDA, op. cit. note 5.

44. United Nations, op. cit. note 1.

45. World Food Summit from FAO, The World Food Summit Goal
and the Millennium Goals, Rome, 28 May–1 June 2001, at
www.fao.org/docrep/meeting/003/Y0688e.htm; FAO, The
State of Food Insecurity in the World 2003 (Rome: 2003).

46. David B. Lobell and Gregory P. Asner, “Climate and Manage-
ment Contributions to Recent Trends in U.S. Agricultural
Yields,” Science, 14 February 2003, p. 1032; Shaobing Peng et
al., “Rice Yields Decline with Higher Night Temperature
from Global Warming,” Proceedings of the National Acade-
my of Sciences, 6 July 2004, pp. 9971–75.

47. FAO, The Impact of HIV/AIDS on Food Security, 27th Session
of the Committee on World Food Security, Rome, 28 May–1
June 2001.

48. United Nations, op. cit. note 1; USDA, op. cit. note 5.

49. USDA, op. cit. note 5.

50. United Nations, op. cit. note 1; USDA, op. cit. note 5.

51. USDA, op. cit. note 5.

52. Melissa Alexander, “Focus on Brazil,” World Grain, January
2004; Marty McVey, “Brazilian Soybeans—Transportation
Problems,” AgDM Newsletter, November 2000.

198 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 198



31. Birth rate data from United Nations, op. cit. note 1; econom-
ic expansion from IMF, op. cit. note 29.

32. Cincotta, Engelman, and Anastasion, op. cit. note 22, p. 36.

33. Ibid., p. 36.

34. Thailand and Iran general country information from CIA
World Factbook, Online Database, at www.odci.gov/cia/
publications/factbook, updated 11 May 2004.

35. G. Tyler Miller, “Cops and Rubbers Day in Thailand,” in Liv-
ing in the Environment, 8th ed. (Belmont, CA: Wadsworth
Publishing Company, 1994). 

36. Ibid.

37. Ibid.; slang for condom from “Mechai Viravaidya: Mr. 
Condom, Mr. Senator,” Asiaweek, at www.asiaweek.com/
asiaweek/features/power50.2001/p49.html, viewed 10 Septem-
ber 2004.

38. “Mechai Viravaidya: Mr. Condom, Mr. Senator,” op. cit. note
37.

39. Miller, op. cit. note 35; demographics from United Nations,
op. cit. note 1.

40. Janet Larsen, “Iran’s Birth Rate Plummeting at Record Pace,”
in Lester R. Brown, Janet Larsen, and Bernie Fischlowitz-
Roberts, The Earth Policy Reader (New York: W.W. Norton &
Company, 2002), pp. 190–94; see also Homa Hoodfar and
Samad Assadpour, “The Politics of Population Policy in the
Islamic Republic of Iran,” Studies in Family Planning, March
2000, pp. 19–34, and Farzaneh Roudi, “Iran’s Family Planning
Program: Responding to a Nation’s Needs,” MENA Policy
Brief, June 2002; Iran demographics from United Nations, op.
cit. note 1.

41. Larsen, op. cit. note 40.

42. Ibid.

43. Ibid.

44. Ibid.

45. United Nations, op. cit. note 1.

46. U.N. General Assembly, “United Nations Millennium Decla-
ration,” resolution adopted 18 September 2000; for more

Notes: Chapter 2 201

18. “Hey! You! Get Off of My Cloud,” Reuters, 15 July 2004;
“Delhi Villagers, Police Clash Over Water Shortage,” The
Times of India, 30 May 2000; “BJP to Launch ‘Save Water’
Campaign,” The Times of India, 21 December 1999.

19. United Nations, op. cit. note 1; Sandra Postel, Pillar of Sand
(New York: W.W. Norton & Company, 1999), pp. 135–36.

20. Frank Notestein, “Population—The Long View,” in P. W.
Schultz, ed., Food for the World (University of Chicago Press:
1945); Figure 2–2 from “How Demographic Transition
Reduces Countries’ Vulnerability to Civil Conflict,” fact sheet
(Washington, DC: Population Action International (PAI),
updated 17 December 2004).

21. United Nations, op. cit. note 1; USDA, op. cit. note 11. 

22. Richard P. Cincotta, Robert Engelman, and Daniele Anasta-
sion, The Security Demographic: Population and Civil Conflict
After the Cold War (Washington, DC: PAI, 2003), pp. 22–23.

23. Ibid.

24. Ibid., pp. 24–27.

25. Lester R. Brown, Gary Gardner, and Brian Halweil, Beyond
Malthus: Nineteen Dimensions of the Population Challenge
(New York: W.W. Norton & Company, 1999), pp. 111–37.

26. United Nations, op. cit. note 1.

27. Ibid.; U.N. Food and Agriculture Organization Committee on
World Food Security, The Impact of HIV/AIDS on Food 
Security (Rome: 2001); Joint United Nations Programme on
HIV/AIDS (UNAIDS), Report on the Global HIV/AIDS 
Epidemic 2002 (Geneva: July 2002), pp. 44–61.

28. For a discussion of the “demographic bonus,” see U.N. Popu-
lation Fund, The State of World Population 2002 (New York:
2002), and Cincotta, Engelman, and Anastasion, op. cit. note
22, pp. 33–36.

29. Population growth from United Nations, op. cit. note 1; Japan
economic expansion from International Monetary Fund
(IMF), World Economic Outlook Database, at www.imf
.org/external/pubs/ft/weo, updated April 2004.

30. Birth rate data from United Nations, op. cit. note 1; econom-
ic expansion from IMF, op. cit. note 29.

200 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 200



10. FAO, op. cit. note 1; USDA, op. cit. note 4.

11. FAO, op. cit. note 1.

12. Conversion ratio of grain to beef based on Allen Baker, Feed
Situation and Outlook staff, Economic Research Service
(ERS), USDA, discussion with author, 27 April 1992, on Linda
Bailey, Livestock and Poultry Situation staff, ERS, USDA, dis-
cussion with author, 27 April 1992, and on data taken from
various issues of Feedstuffs; pork from Leland Southard, Live-
stock and Poultry Situation and Outlook staff, ERS, USDA,
discussion with author, 27 April 1992; poultry derived from
data in Robert V. Bishop et al., The World Poultry Market—
Government Intervention and Multilateral Policy Reform
(Washington, DC: USDA, 1990); catfish and carp from Rosa-
mond L. Naylor et al., “Effects of Aquaculture on World Fish
Supplies,” Nature, 29 June 2000, p. 1022.

13. Table 3–1 compiled from FAO, op. cit. note 1, and from FAO,
op. cit. note 7.

14. FAO, op. cit. note 7; United Nations, op. cit. note 3.

15. Aquaculture output from FAO, op. cit. note 7; S. F. Li, 
“Aquaculture Research and Its Relation to Development in
China,” in World Fish Center, Agricultural Development 
and the Opportunities for Aquatic Resources Research in
China (Penang, Malaysia: 2001), p. 26; “Mekong Delta to
Become Biggest Aquatic Producer in Vietnam,” Vietnam
News Agency, 3 August 2004.

16. Aquaculture from FAO, op. cit. note 7; beef from FAO, op. cit.
note 1.

17. USDA, op. cit. note 4; Sadasivam J. Kaushik, “Grain-Based
Feeds: The Answer for Aquaculture?” World Grain, April
2004.

18. Figure 3–3 compiled from FAO, op. cit. note 1, from FAO, op.
cit. note 7, and from Worldwatch Institute, op. cit. note 3;
United Nations, op. cit. note 3.

19. FAO, The State of World Fisheries and Aquaculture 2002
(Rome: 2002), p. 23; Ransom A. Myers and Boris Worm,
“Rapid Worldwide Depletion of Predatory Fish Communi-
ties,” Nature, 15 May 2003, pp. 280–83.

20. Myers and Worm, op. cit. note 19; Charles Crosby, “‘Blue
Frontier’ is Decimated,” Dalhousie News, 11 June 2003.

Notes: Chapters 2 and 3 203

information on the Millennium Development Goals, see
www.un.org/millenniumgoals; Paul Blustein, “Global Educa-
tion Plan Gains Backing,” Washington Post, 22 April 2002;
Gene Sperling, “Educate Them All,” Washington Post, 20
April 2002; Gene B. Sperling, “Toward Universal Education,”
Foreign Affairs, September/October 2001, pp. 7–13.

47. Susheela Singh et al., Adding it Up: The Benefits of Investing
in Sexual and Reproductive Health Care (New York: Alan
Guttmacher Institute, 2003), pp. 22–25.

48. Jeffrey Sachs, “A New Map of the World,” The Economist, 22
June 2000; George McGovern, The Third Freedom: Ending
Hunger in Our Time (New York: Simon & Schuster: 2001),
Chapter 1.

CHAPTER 3. MOVING UP THE FOOD CHAIN EFFICIENTLY

1. For data on meat production in various countries, see U.N.
Food and Agriculture Organization (FAO), FAOSTAT Statis-
tics Database, at apps.fao.org, updated 24 May 2004.

2. Food balance sheets from ibid., updated 27 August 2004.

3. Figure 3–1 compiled from FAO, op. cit. note 1, and from 
historical statistics in Worldwatch Institute, Signposts 2002,
CD-Rom (Washington, DC: 2002); average per capita 
consumption from FAO, op. cit. note 1, and from population
in United Nations, World Population Prospects: The 2002
Revision (New York: 2003).

4. U.S. Department of Agriculture (USDA), Production, 
Supply, and Distribution, electronic database, at www.fas
.usda.gov/psd, updated 13 August 2004; United Nations, op.
cit. note 3.

5. USDA, op. cit. note 4; United Nations, op. cit. note 3.

6. USDA, op. cit. note 4; United Nations, op. cit. note 3.

7. FAO, op. cit. note 1; FAO, FISHSTAT Plus, electronic
database, viewed 13 August 2004.

8. Figure 3–2 compiled from FAO, op. cit. note 1, and from
Worldwatch Institute, op. cit. note 3.

9. Dan Murphy, “China Visit Outlines Stark Challenges Ahead
For U.S.,” at www.meatingplace.com, 13 December 2002.

202 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 202



Argentina (Washington, DC: USDA, ERS: 2001), from USDA,
op. cit. note 4, and from McVey, Baumel, and Wisner, op. cit.
this note.

37. USDA, op. cit. note 4; Worldwatch Institute, op. cit. note 3.

38. USDA, op. cit. note 4.

39. Figure 3–4 compiled from FAO, op. cit. note 1.

40. S. C. Dhall and Meena Dhall, “Dairy Industry—India’s
Strength in Its Livestock,” Business Line, Internet Edition of
Financial Daily from The Hindu group of publications, at
www.indiaserver.com/businessline/1997/11/07/stories/
03070311.htm, 7 November 1997; see also Surinder Sud,
“India Is Now World’s Largest Milk Producer,” India Perspec-
tives, May 1999, pp. 25–26; A. Banerjee, “Dairying Systems in
India,” World Animal Review, vol. 79, no. 2 (1994).

41. Milk consumption from FAO, op. cit. note 1; United Nations,
op. cit. note 3.

42. Banerjee, op. cit. note 40; Dhall and Dhall, op. cit. note 40.

43. John Wade, Adam Branson, and Xiang Qing, China Grain
and Feed Annual Report 2002 (Beijing: USDA, March 2002);
China’s crop residue production and use from Gao Tengyun,
“Treatment and Utilization of Crop Straw and Stover in
China,” Livestock Research for Rural Development, February
2000.

44. USDA, ERS, “China’s Beef Economy: Production, 
Marketing, Consumption, and Foreign Trade,” International
Agriculture and Trade Reports: China (Washington, DC: July
1998), p. 28.

45. Li, op. cit. note 15, p. 26; FAO, op. cit. note 7.

46. FAO, op. cit. note 1; FAO, op. cit. note 7.

47. United Nations, op. cit. note 3; FAO, op. cit. note 1.

48. China’s economic growth from International Monetary Fund,
World Economic Outlook Database, at www.imf.org/
external/pubs/ft/weo, updated April 2004.

49. Figure 3–6 compiled from FAO, op. cit. note 1.

Notes: Chapter 3 205

21. Myers and Worm, op. cit. note 19.

22. Ibid.; Crosby, op. cit. note 20.

23. World Resources Institute, World Resources 2000–2001
(Washington, DC: 2000).

24. Number of pastoralists from “Investing in Pastoralism,” 
Agriculture Technology Notes (Washington, DC: World
Bank, Rural Development Department), March 1998, p. 1;
FAO, op. cit. note 1.

25. FAO, op. cit. note 1; Worldwatch Institute, op. cit. note 3.

26. USDA, op. cit. note 4; Suzi Fraser Dominy, “Soy’s Growing
Importance,” World Grain, 13 April 2004.

27. Author’s calculations based on USDA, op. cit. note 4, and
USDA, Foreign Agricultural Service (FAS), miscellaneous
agricultural reports (Washington, DC: various years).

28. USDA, op. cit. note 4.

29. Ibid.

30. Ibid.; David McKee, “Crushing Competition,” World Grain,
13 April 2004; USDA, FAS, China Oilseeds and Products
Annual Report 2004 (Beijing: March 2004); Frazer Dominy,
op. cit. note 26.

31. USDA, op. cit. note 4.

32. Ibid.; Worldwatch Institute, op. cit. note 3.

33. “Soybean,” Britannica Concise Encyclopedia, at www
.britannica.com/ebc/article?eu=404507, viewed 13 September
2004.

34. USDA, op. cit. note 4.

35. Richard Magleby, “Soil Management and Conservation,” in
USDA, Agricultural Resources and Environmental Indicators
2003 (Washington, DC: February 2003), Chapter 4.2, p. 14.

36. Peruvian anchovy industry from Lester R. Brown and Erik P.
Eckholm, By Bread Alone (New York: Overseas Development
Council, 1974), pp. 155–57, and from Marty McVey, Phil
Baumel, and Bob Wisner, “Brazilian Soybeans—What is the
Potential?” AgDM Newsletter, October 2000; expanding soy
production and exports from Randall D. Schnepf, Erik N.
Dohlman, and Christine Bolling, Agriculture in Brazil and

204 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 204



9. Donald N. Duvick, Affiliate Professor of Plant Breeding, Iowa
State University, letter to author, 14 March 1997.

10. Evans, op. cit. note 7; Sinclair, op. cit. note 7.

11. Sinclair, op. cit. note 7.

12. USDA, op. cit. note 1; USDA, Foreign Agricultural Service
(FAS), Grains: World Markets and Trade (Washington, DC:
various years).

13. USDA, op. cit. note 1; U.N. Food and Agriculture Organiza-
tion (FAO), FAOSTAT Statistics Database, at apps.fao.org,
updated 24 May 2004.

14. USDA, op. cit. note 1; USDA, FAS, World Agricultural
Production (Washington, DC, various years), at www.fas
.usda.gov/wap_arc.html.

15. Table 4–1 from USDA, op. cit. note 1, with France from FAO,
op. cit. note 13.

16. USDA, op. cit. note 1.

17. “Justus von Liebig,” Encyclopaedia Britannica (Cambridge:
Encyclopaedia Britannica, Inc., 1976).

18. Figure 4–1 compiled from Patrick Heffer, Short Term
Prospects for World Agriculture and Fertilizer Demand
2002/03 – 2003/04 (Paris: International Fertilizer Industry
Association (IFA), December 2003), and from IFA Secretariat
and IFA Fertilizer Demand Working Group, Fertilizer Con-
sumption Report (Brussels: December 2001), with historical
data from Worldwatch Institute, Signposts 2001, CD-Rom
(Washington, DC: 2001), compiled from IFA and FAO, Fertil-
izer Yearbook (Rome: various years).

19. Figure 4–2 compiled from Heffer, op. cit. note 18, and from
IFA Secretariat and IFA Fertilizer Demand Working Group,
op. cit. note 18, with historical data from Worldwatch Insti-
tute, op. cit. note 18.

20. Heffer, op. cit. note 18; IFA Secretariat and IFA Fertilizer
Demand Working Group, op. cit. note 18.

21. Melissa Alexander, “Focus on Brazil,” World Grain, January
2004.

22. R. J. Diaz, J. Nestlerode, and M. L. Diaz, “A Global Perspec-
tive on the Effects of Eutrophication and Hypoxia on Aquat-

Notes: Chapter 4 207

CHAPTER 4. RAISING THE EARTH’S PRODUCTIVITY

1. U.S. Department of Agriculture (USDA), Production, Supply,
and Distribution, electronic database, at www.fas.usda
.gov/psd, updated 13 August 2004; Worldwatch Institute,
Signposts 2002, CD-Rom (Washington, DC: 2002).

2. Japan, Europe, and U.S. agricultural funding and biotechnol-
ogy from Margriet F. Caswell et al., Agricultural Biotechnolo-
gy: An Economic Perspective (Washington, DC: USDA,
Economic Research Service (ERS), 1998), pp. 15–21; Catalog
of Federal Domestic Assistance, “10.203 Payments to Agricul-
tural Experiment Stations Under the Hatch Act,” online assis-
tance programs database, at 12.46.245.173/cfda/cfda.html;
Aileen Adams et al., An Assessment of the U.S. Food and
Agricultural Research System (Washington, DC: U.S. Food
and Agricultural Research Advisory Panel, 1981), pp. 171–76. 

3. USDA, op. cit. note 1.

4. World grain production data from ibid.; 1880s Japan data
from “Grain Yields in Japan and India” (USDA, ERS), cited in
Lester R. Brown, Increasing World Food Output: Problems
and Prospects, Foreign Agricultural Economic Report No. 25
(Washington, DC: USDA, ERS, 1965), pp. 13–14.

5. Dwarf wheats and rice information from Thomas R. Sinclair,
“Limits to Crop Yield?” in American Society of Agronomy,
Crop Science Society of America, and Soil Science Society of
America, Physiology and Determination of Crop Yield
(Madison, WI: 1994), pp. 509–32; India grain production data
from USDA, op. cit. note 1.

6. Dwarf wheats and rice information from Sinclair, op. cit. note
5; IRRI data from www.irri.org, viewed 9 September 2004.

7. Percent photosynthate to seed from L. T. Evans, Crop Evolu-
tion, Adaptation and Yield (Cambridge: Cambridge Universi-
ty Press, 1993), pp. 242–44; theoretical upper limit from
Thomas R. Sinclair, “Options for Sustaining and Increasing
the Limiting Yield-Plateaus of Grain Crops,” paper prepared
for the 1998 Symposium on World Food Security, Kyoto,
Japan (Washington, DC: USDA Agricultural Research Ser-
vice, September 1998), p. 14.

8. Evans, op. cit. note 7.

206 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 206



Bulletin,” at jan.mannlib.cornell.edu/reports/nassr/field/
weather, and from NOAA/ USDA Joint Agricultural Weather
Facility, “International Weather and Crop Summary,” 
updated weekly at www.usda.gov/agency/oce/waob/jawf/
wwcb/inter.txt.

35. Kenneth G. Cassman et al., “Meeting Cereal Demand While
Protecting Natural Resources and Improving Environmental
Quality,” Annual Review of Environment and Resources,
November 2003, p. 322.

36. Ibid.

37. Ibid., pp. 324–26.

38. Ibid., pp. 325–26.

39. Ibid., p. 328.

40. Ibid.

41. Ibid., pp. 327–29.

42. Sinclair, op. cit. note 5; Cassman et al., op. cit. note 35.

43. Sinclair, op. cit. note 5; Cassman et al., op. cit. note 35.

44. Sinclair, op. cit. note 5.

45. Kenneth Cassman, Professor and Head of Department of
Agronomy and Horticulture, University of Nebraska, letter to
author, 7 May 2004.

46. USDA, op. cit. note 1; FAO, op. cit. note 13.

47. Brown, op. cit. note 24, p. 61.

48. Roughage conversion from A. Banerjee, “Dairying Systems in
India,” World Animal Review, vol. 79, no. 2 (1994), and from
S. C. Dhall and Meena Dhall, “Dairy Industry—India’s
Strength in Its Livestock,” Business Line (Internet Edition of
Financial Daily from The Hindu group of publications), 7
November 1997; China’s crop residue production and use
from Gao Tengyun, “Treatment and Utilization of Crop
Straw and Stover in China,” Livestock Research for Rural
Development, February 2000.

49. Norman E. Borlaug, “The Next Green Revolution,” New
York Times, 11 July 2003. 

50. Jules Pretty and Rachel Hine, “Reducing Food Poverty with

Notes: Chapter 4 209

ic Biota,” in G. L. Rupp and M. D. White, eds., Proceedings of
the 7th Annual Symposium on Fish Physiology, Toxicology
and Water Quality, Estonia, 12–15 May 2003 (Athens, GA:
U.S. Environmental Protection Agency, Ecosystems Research
Division: in press).

23. Figure 4–3 compiled from FAO, op. cit. note 13, updated 2
July 2004, and from Worldwatch Institute, op. cit. note 18.

24. FAO, op. cit. note 13, updated 2 July 2004; world grain pro-
duction data from USDA, op. cit. note 1; China’s irrigated
land from Worldwatch Institute, op. cit. note 18; Janet Larsen,
“Irrigated Area Rises,” in Worldwatch Institute, Vital Signs
2002 (Washington, DC: 2002), pp. 34–35; Lester R. Brown,
Who Will Feed China? (New York: W.W. Norton & Compa-
ny, 1995), p. 27.

25. Fertilizer from Heffer, op. cit. note 18 and from IFA Secretari-
at and IFA Fertilizer Demand Working Group, op. cit. note 18;
irrigation from FAO, op. cit. note 13, updated 2 July 2004.

26. USDA, op. cit. note 1; Heffer, op. cit. note 18; IFA Secretariat
and IFA Fertilizer Demand Working Group, op. cit. note 18.

27. FAO, op. cit. note 13, updated 2 July 2004.

28. Table 4–2 from USDA, op. cit. note 1; Worldwatch Institute,
op. cit. note 1.

29. Figure 4–4 compiled from USDA, op. cit. note 1; monsoon
weather from USDA, FAS, Grains: World Markets and Trade
(Washington, DC: various years).

30. USDA, op. cit. note 1; USDA, op. cit. note 29.

31. USDA, op. cit. note 1.

32. Figure 4–5 compiled from ibid.; France from FAO, op. cit. note
13.

33. Figure 4–6 compiled from USDA, op. cit. note 1; information
on China’s double cropping in W. Hunter Colby et al., Agri-
cultural Statistics of the People’s Republic of China, 1949-
1990 (Washington, DC: USDA, ERS, 1992), and in USDA,
FAS, “Crop Calendar,” at www.fas.usda.gov/pecad/weather/
Crop_calendar/crop_cal.pdf.

34. USDA, op. cit. note 1; U.S. weather from USDA, National
Agricultural Statistics Service, “Weekly Weather and Crop

208 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 208



Dust and Sandstorms from the World’s Drylands (Bangkok:
Secretariat of the U.N. Convention to Combat Desertifica-
tion, September 2002), p. 319.

9. U.S. Department of Agriculture (USDA), Summary Report:
1997 Natural Resources Inventory (Washington, DC: 1999,
rev. 2000), pp. 46–51.

10. Table 5–1 from U.N. Environment Programme (UNEP), cited
in Global Environment Fund–International Fund for Agricul-
tural Development Partnership, Tackling Land Degradation
and Desertification (Washington, DC: July 2002); grainland
from USDA, Production, Supply, and Distribution, electronic
database, at www.fas.usda.gov/psd, updated 13 August 2004;
population from United Nations, op. cit. note 5.

11. John Steinbeck, The Grapes of Wrath (New York: Penguin
Books, 1992).

12. FAO, The State of Food and Agriculture 1995 (Rome: 1995),
p. 175.

13. USDA, op. cit. note 10.

14. U.S. Embassy, Grapes of Wrath in Inner Mongolia (Beijing:
May 2001).

15. Brown, op. cit. note 1. 

16. Ibid.

17. UNEP, Afghanistan: Post-Conflict Environmental Assessment
(Geneva: 2003), pp. 50–60; NASA, “Dust Storm Over 
Southern Asia,” Earth Observatory Newsroom, at earth
observatory.nasa.gov/Newsroom, 6 May 2004.

18. World Resources Institute, World Resources 2000–2001
(Washington, DC: 2000). Table 5–2 from the following:
UNEP, op. cit. note 17; Government of Brazil, National
Report on the Implementation of the United Nations Con-
vention to Combat Desertification (Brasilia: 2002); Expert
Group for Compiling National Report for Implementing the
UNCCD, China National Report to Implement the United
Nations Convention to Combat Desertification (Beijing: 16
April 2002); Ministry of Environment and Forests of India,
Second National Report on Implementation of the United
Nations Convention to Combat Desertification (New Delhi:
30 April 2002); Iranian News Agency, “Official Warns of

Notes: Chapters 4 and 5 211

Sustainable Agriculture: A Summary of New Evidence,” final
report from the “SAFE-World” (The Potential of Sustainable
Agriculture to Feed the World) Research Project (Colchester,
UK: University of Essex, February 2001), p. 11.

51. Ibid.; “Famine in Africa: Controlling Their Own Destiny,”
(London) Guardian, 30 November 2002.

52. Pretty and Hine, op. cit. note 50, p. 21.

CHAPTER 5. PROTECTING CROPLAND

1. Ann Schrader, “Latest Import From China: Haze,” Denver
Post, 18 April 2001; Paul Brown, “4x4s Replace the Desert
Camel and Whip Up a Worldwide Dust Storm,” (London)
Guardian, 20 August 2004.

2. Howard W. French, “China’s Growing Deserts Are Suffocat-
ing Korea,” New York Times, 14 April 2002.

3. Brown, op. cit. note 1.

4. Calculations for paved area by Janet Larsen, Earth Policy
Institute, based on U.S. Department of Transportation, Fed-
eral Highway Administration (FHWA), Highway Statistics
1999 (Washington, DC: 2001), on Mark Delucchi, “Motor
Vehicle Infrastructure and Services Provided by the Public Sec-
tor,” cited in Todd Litman, Transportation Land Valuation
(Victoria, BC, Canada: Victoria Transport Policy Institute,
2000), p. 4, on Ward’s Communications, Ward’s World Motor
Vehicle Data (Southfield, MI: 2000), on Jeffrey Kenworthy,
Associate Professor in Sustainable Settlements, Institute for
Sustainability and Technology Policy, Murdoch University,
Australia, e-mail message to Larsen, and on David Walter-
scheid, FHWA Real Estate Office, discussion with Larsen.

5. United Nations, World Population Prospects: The 2002 
Revision (New York: 2003); land requirements are author’s
estimate.

6. United Nations, op. cit. note 5.

7. Livestock data from U.N. Food and Agriculture Organization
(FAO), FAOSTAT Statistics Database, at apps.fao.org, 
updated 24 May 2004.

8. Yang Youlin, Victor Squires, and Lu Qi, eds., Global Alarm:

210 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 210



25. United Nations, op. cit. note 5; land requirements are author’s
estimate.

26. Carl J. Dahlman, China and the Knowledge Economy: Seizing
the 21st Century (Washington, DC: World Bank, January
2002); United Nations, op. cit. note 5.

27. United Nations, op. cit. note 5.

28. Figure 5–1 from Worldwatch Institute, Signposts 2004, CD-
Rom (Washington, DC: 2004); calculations for paved area by
Larsen, op. cit. note 4.

29. Vehicle fleet from Ward’s Communications, op. cit. note 4;
population from United Nations, op. cit. note 5; grain from
USDA, op. cit. note 10.

30. Calculations for paved area by Larsen, op. cit. note 4.

31. Ibid.

32. Worldwatch Institute, op. cit. note 28; Ward’s Communica-
tions, op. cit. note 4.

33. U. S. experience in USDA, Economic Research Service, Agri-
Environmental Policy at the Crossroads: Guideposts on a
Changing Landscape, Agricultural Economic Report No. 794
(Washington, DC: January 2001), p. 16; loss of topsoil from
water erosion from USDA, op. cit. note 9; China from Chen
Xiwen, Deputy Director, Development Research Center of the
State Council, and colleagues, discussion with author in Bei-
jing, 16 May 2002.

34. R. Neil Sampson, Farmland or Wasteland (Emmaus, PA:
Rodale Press, 1981), p. 242.

35. USDA, Natural Resources Conservation Service, CORE4
Conservation Practices Training Guide: The Common Sense
Approach to Natural Resource Conservation (Washington,
DC: August 1999); Rolf Derpsch, “Frontiers in Conservation
Tillage and Advances in Conservation Practice,” in D. E.
Stott, R. H. Mohtar, and G. C. Steinhardt, eds., Sustaining the
Global Farm, selected papers from the 10th International Soil
Conservation Organization Meeting, at Purdue University
and USDA-ARS National Soil Erosion Research Laboratory,
24–29 May 1999 (Washington, DC: 2001), pp. 248–54.

36. Table 5–3 from Rolf Derpsch and J. R. Benites, “Agricultura
Conservacionista no Mundo,” presented at the Brazilian Soil

Notes: Chapter 5 213

Impending Desertification Catastrophe in Southeast Iran,”
BBC International Reports, 29 September 2002; Republic of
Kenya, Ministry of Environment and Natural Resources,
National Action Programme: A Framework for Combating
Desertification in Kenya in the Context of the United Nations
Convention to Combat Desertification (Nairobi: February
2002); Mexico from “Desertification is Both a Cause and a
Consequence of Poverty,” Environmental News Service, 17
June 2003; Government of Nigeria, Combating Desertifica-
tion and Mitigating the Effects of Drought in Nigeria,
National Report on the Implementation of the United
Nations Convention to Combat Desertification (Nigeria:
November 1999); Government of Yemen, National Report on
the Implementation of the United Nations Convention to
Combat Desertification (Sana’a, Yemen: 2000).

19. Government of Nigeria, op. cit. note 18; population from
United Nations, op. cit. note 5; livestock from FAO, op. cit.
note 7.

20. Government of Nigeria, op. cit. note 18; population from
United Nations, op. cit. note 5.

21. “Case Studies of Sand-Dust Storms in Africa and Australia,”
in Yang, Squires, and Lu, eds., op. cit. note 8, pp. 123–66.

22. “Algeria to Convert Large Cereal Land to Tree-Planting,”
Reuters, 8 December 2000; imports from USDA, op. cit. note
10.

23. Economic losses from desertification in China from “Sum-
maries of Reports Submitted by Selected Asian Country Par-
ties,” United Nations Convention to Combat Desertification,
Conference of the Parties, Fourth Session, 11–22 December
2000 (Bonn: 12 December 2000), p. 18; “Desert Mergers and
Acquisitions,” Beijing Environment, Science, and Technology
Update, U.S. Embassy in China, 19 July 2002, p. 2.

24. “Desert Mergers and Acquisitions,” op. cit. note 23; Zhang
Tingting, “Xinjiang Deserts Moving Closer,” China Internet
Information Center, 27 June 2002; photographs from Lu
Tongjing, Desert Witness: Images of Environmental Degrada-
tion in China’s Northwest (Beijing: Heinrich Boll Foundation
and China Environment and Sustainable Development Refer-
ence and Research Center).

212 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 212



2. Water use from Peter H. Gleick, The World’s Water 2000–2001
(Washington, DC: Island Press, 2000), p. 52.

3. Ibid.

4. Grain production from U.S. Department of Agriculture
(USDA), Production, Supply, and Distribution, electronic
database, at www.fas.usda.gov/psd, updated 13 August 2004;
population from United Nations, World Population
Prospects: The 2002 Revision (New York: 2003). Table 6–1
from the following: Mexico from Yacov Tsur et al., Pricing
Irrigation Water: Principles and Cases from Developing
Countries (Washington, DC: Resources For the Future, 2004),
pp. 90–91, 218, 222; U.S. aquifer information from “High
Plains Aquifer Down by Six Percent,” Environment New Ser-
vice, 11 February 2004, from U.S. Geological Survey (USGS),
“High Plains Regional Groundwater Study,” National Water
Quality Assessment Program, 15 January 2004, from Carey
Gillam, “Fight on to Save Plains Water Source,” Reuters, 1
December 2003, and from USDA, Agricultural Resources and
Environmental Indicators 2000 (Washington, DC: 2000),
Chapter 2.1, pp. 5–6; Saudi Arabia wheat production data
from USDA, Production, Supply, and Distribution, op. cit. this
note; Saudi aquifer information from Craig S. Smith, “Saudis
Worry as They Waste Their Scarce Water,” New York Times,
26 January 2003; Iran overpumping from Chenaran Agricul-
tural Center, Ministry of Agriculture, according to Hamid
Taravati, publisher, Iran, e-mail to author, 25 June 2002;
Yemen’s water situation from Christopher Ward, “Yemen’s
Water Crisis,” based on a lecture to the British Yemeni Soci-
ety in September 2000, July 2001, from Christopher Ward,
The Political Economy of Irrigation Water Pricing in Yemen
(Sana’a, Yemen: World Bank, November 1998), and from
Marcus Moench, “Groundwater: Potential and Constraints,”
in Ruth S. Meinzen-Dick and Mark W. Rosegrant, eds., Over-
coming Water Scarcity and Quality Constraints (Washington,
DC: International Food Policy Research Institute (IFPRI),
October 2001); Israel water tables from Deborah Camiel,
“Israel, Palestinian Water Resources Down the Drain,”
Reuters, 12 July 2000; India water depletion from Tushaar
Shah et al., The Global Groundwater Situation: Overview of
Opportunities and Challenges (Colombo, Sri Lanka: Interna-
tional Water Management Institute (IWMI), 2000), and from
David Seckler, David Molden, and Randolph Barker, “Water

Notes: Chapters 5 and 6 215

Science Conference, Santa Maria, Brazil, July 2004.

37. USDA, Farm Service Agency Online, “History of the CRP,”
in The Conservation Reserve Program, at www.fsa.usda
.gov/dafp/cepd/12crplogo/history.htm, viewed 16 September,
2004; Derpsch and Benites, op. cit. note 36; Conservation
Technology Information Center (CTIC), Purdue University,
“1990–2002 Conservation Tillage Trends,” from 2002 
National Crop Residue Management Survey, at www.ctic
.purdue.edu/Core4/CT/CTSurvey/NationalData.html,
viewed 23 September 2004; CTIC, Purdue University, “Crop
Residue Management,” National Crop Residue Management
Survey Data, at www.ctic.purdue.edu/Core4/CT/CT.html,
viewed 23 September 2004.

38. CTIC, “1990–2002 Conservation Tillage Trends,” op. cit.
note 37; Derpsch, op. cit. note 35; FAO, “Intensifying Crop 
Production With Conservation Agriculture,” at www.fao.org/
waicent/faoinfo/agricult/ags/AGSE/agse_e/general/CONT1
.htm, viewed 30 September 2004.

39. John Whitlegg, editorial, World Transport Policy and Prac-
tice, vol. 8, no. 4 (2002), p. 5; Randy Kennedy, “The Day the
Traffic Disappeared,” New York Times Magazine, 20 April
2003, pp. 42–45.

40. Ding Guangwei and Li Shishun, “Analysis of Impetuses to
Change of Agricultural Land Uses in China,” Bulletin of the
Chinese Academy of Sciences, vol. 13, no. 1 (1999).

41. Ibid.

42. Anthonie Gerard Welleman, project manager of the Bicycle
Master Plan at the Dutch Ministry of Transport, Public
Works and Water Management, presentation at the Velo-City
Conference ’95 (Basel, Switzerland: 1995), at www.community
bike.org/cache/autumn_bike_master_plan.html.

43. United Nations, op. cit. note 5.

CHAPTER 6. STABILIZING WATER TABLES

1. Jacob W. Kijne, Unlocking the Water Potential of Agriculture
(Rome: U.N. Food and Agriculture Organization (FAO),
2003), p. 26; calculation based on 1,000 tons of water for 1 ton
of grain from FAO, Yield Response to Water (Rome: 1979).

214 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 214



note 4; Sandra Postel, Pillar of Sand (New York: W.W. Norton
& Company, 1999), p. 77.

14. Table 6–2 from the following: Amu Darya, Colorado, Ganges,
Indus, and Nile rivers from Postel, op. cit. note 13, pp. 59,
71–73, 94, 261–62; Fen and Yellow Rivers from Lester R.
Brown and Brian Halweil, “China’s Water Shortages Could
Shake World Food Security,” World Watch, July/August 1998,
p. 11; India Ganges population from Carmen Revenga et al.,
Watersheds of the World (Washington, DC: World Resources
Institute and Worldwatch Institute, 1998), Section 2-78; popu-
lation projections from United Nations, op. cit. note 4.

15. Fen River/Taiyuan from Brown and Halweil, op. cit. note 14.

16. Postel, op. cit. note 13, pp. 141–49.

17. Population projections from United Nations, op. cit. note 4.

18. Ethiopia and Egypt incomes from International Monetary
Fund (IMF), World Economic Outlook Database, at www.imf
.org/external/pubs/ft/weo, updated April 2004; population
from United Nations, op. cit. note 4; Ethiopia water develop-
ment plans from Postel, op. cit. note 13, pp. 143–44.

19. Moench, op. cit. note 4.

20. Postel, op. cit. note 13, pp. 59, 94.

21. U.N. Environment Programme (UNEP), “‘Garden of Eden’ in
Southern Iraq Likely to Disappear Completely in Five Years
Unless Urgent Action Taken,” news release (Nairobi: 22
March 2003); Hassan Partow, The Mesopotamian Marsh-
lands: Demise of an Ecosystem, Early Warning and Assess-
ment Technical Report (Nairobi: Division of Early Warning
and Assessment, UNEP, 2001); population from United
Nations, op. cit. note 4.

22. Noel Gollehon and William Quinby, “Irrigation in the Amer-
ican West: Area, Water and Economic Activity,” Water
Resources Development, vol. 16, no. 2 (2000), pp. 187–95;
Patrick O’Driscoll, “Dry West Sends Out for Water,” USA
Today, 27 July 2004.

23. Joey Bunch, “Cities’ Water Needs Uprooting Colorado
Farms,” Denver Post, 11 July 2004; The Water Strategist, 
various issues at www.waterstrategist.com.

24. Arkansas River basin from Joey Bunch, “Water Projects Fore-

Notes: Chapter 6 217

Scarcity in the Twenty-First Century,” Water Brief 1 (Colom-
bo, Sri Lanka: IWMI, 1999), p. 2; North China Plain from
Michael Ma, “Northern Cities Sinking as Water Table Falls,”
South China Morning Post, 11 August 2001, and from Hong
Yang and Alexander Zehnder, “China’s Regional Water
Scarcity and Implications for Grain Supply and Trade,” Envi-
ronment and Planning A, vol. 33 (2001); China’s wheat
imports from USDA, Production, Supply, and Distribution,
op. cit. this note.

5. U.S. water depletion from USDA, Agricultural Resources and
Environmental Indicators 2000, op. cit. note 4, p. 6; India
water depletion from Shah et al., op. cit. note 4, and from
Seckler, Molden, and Barker, op. cit. note 4; North China
Plain from Ma, op. cit. note 4; share of China’s grain harvest
from the North China Plain based on Yang and Zehnder, op.
cit. note 4, and on USDA, Production, Supply, and Distribu-
tion, op. cit. note 4.

6. Ogallala aquifer information from “High Plains Aquifer
Down by Six Percent,” op. cit. note 4, from USGS, op. cit. note
4, from Gillam, op. cit. note 4, and from USDA, Agricultural
Resources and Environmental Indicators 2000, op. cit. note 4;
Saudi Arabia aquifer information from Smith, op. cit. note 4;
deep North China Plain aquifer information from Ma, op. cit.
note 4.

7. Figure 6–1 compiled from USDA, Production, Supply, and
Distribution, op. cit. note 4.

8. Ibid.

9. Fred Pearce, “Asian Farmers Sucking the Continent Dry,” New
Scientist, 25 August 2004. 

10. Ibid.; Tamil Nadu population from 2001 census, “Tamil
Nadu at a Glance: Area and Population” at www.tn.gov.in.

11. Pearce, op. cit. note 9.

12. Yacov Tsur et al., Pricing Irrigation Water: Principles and
Cases from Developing Countries (Washington, DC:
Resources for the Future, 2004), p. 219.

13. “High Plains Aquifer Down by Six Percent,” op. cit. note 4;
USGS, op. cit. note 4; Gillam, op. cit. note 4; USDA, Agricul-
tural Resources and Environmental Indicators 2000, op. cit.

216 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 216



(New York: W.W. Norton & Company, 2004), pp. 51–52; Gle-
ick, op. cit. note 2.

34. Wang Shucheng, private meeting with author, Beijing, May
2004.

35. FAO, Crops and Drops (Rome: 2002), p. 17; Alain Vidal, 
Aline Comeau, and Hervé Plusquellec, Case Studies on Water
Conservation in the Mediterranean Region (Rome: FAO,
2001), p. vii.

36. FAO, op. cit. note 35; Vidal, Comeau, and Plusquellec, op. cit.
note 35.

37. Table 6–3 from Postel and Vickers, op. cit. note 33, p. 53.

38. Peter Wonacott, “To Save Water, China Lifts Price,” Wall
Street Journal, 14 June 2004.

39. Greg Leslie, “Solving Water Problem Could Come Down To
Using City’s Kidneys,” Sydney Morning Herald, 19 April
2004.

40. USGS, “Estimated Water Use in the United States,” news
briefing (Reston, VA: March 2004).

41. USDA, Production, Supply, and Distribution, op. cit. note 4.

42. Population from United Nations, op. cit. note 4; grain con-
sumption from USDA, Production, Supply, and Distribution,
op. cit. note 4; water calculation based on 1,000 tons of water
for 1 ton of grain from FAO, op. cit. note 1.

43. United Nations, op. cit. note 4; for countries overpumping
aquifers see note 4, this chapter, and Lester R. Brown, Plan B:
Rescuing a Planet under Stress and a Civilization in Trouble
(New York: W.W. Norton & Company, 2003), p. 26.

CHAPTER 7.  STABILIZING CLIMATE

1. Shaobing Peng et al., “Rice Yields Decline With Higher Night
Temperature From Global Warming,” Proceedings of the
National Academy of Sciences, 6 July 2004, pp. 9971–75.

2. U.S. Department of Agriculture (USDA), Production, Supply,
and Distribution, electronic database, at www.fas.usda
.gov/psd, updated 13 August 2004; Janet Larsen, “Record
Heat Wave In Europe Takes 35,000 Lives,” Eco-Economy

Notes: Chapters 6 and 7 219

cast to Fall Short of Needs: Study Predicts 10% Deficit in
State,” Denver Post, 22 July 2004.

25. Dean Murphy, “Pact in West Will Send Farms’ Water to
Cities,” New York Times, 17 October 2003; Tim Molloy,
“California Water District Approves Plan to Pay Farmers for
Irrigation Water,” Associated Press, 13 May 2004; California
population from Californians for Population Stabilization,
population figures, at www.cap-s.org, viewed 1 October 2004.

26. “China Politics: Growing Tensions Over Scarce Water,” The
Economist, 21 June 2004.

27. Calculation based on 1,000 tons of water for 1 ton of grain
from FAO, op. cit. note 1, and on global wheat prices from
IMF, International Financial Statistics (Washington, DC: var-
ious years); industrial water intensity in Mark W. Rosegrant,
Claudia Ringler, and Roberta V. Gerpacio, “Water and Land
Resources and Global Food Supply,” paper prepared for the
23rd International Conference of Agricultural Economists on
Food Security, Diversification, and Resource Management:
Refocusing the Role of Agriculture, Sacramento, CA, 10–16
August 1997.

28. Water-to-grain conversion from FAO, op. cit. note 1.

29. Hans Lofgren and Alan Richards, “Food Security, Poverty, and
Economic Policy in the Middle East and North Africa,” TMD
Discussion Paper 111 (Washington, DC: International Food
Policy Research Institute, February 2003); IWMI, “Trade as a
Means to Food and Water Security,” GWP Issues Paper (Sri
Lanka: 13–16 December 2000).

30. Nile River flow from Postel, op. cit. note 13; grain imports
from USDA, Production, Supply, and Distribution, op. cit.
note 4; calculation based on 1,000 tons of water for 1 ton of
grain from FAO, op. cit. note 1.

31. Grainland productivity from USDA, Production, Supply, and
Distribution, op. cit. note 4; Worldwatch Institute, Signposts
2002, CD-Rom (Washington, DC: 2002).

32. Calculation based on 1,000 tons of water for 1 ton of grain
from FAO, op. cit. note 1.

33. Sandra Postel and Amy Vickers, “Boosting Water Productivi-
ty,” in Worldwatch Institute, State of the World 2004

218 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 218



Mark Baker, “Europe: Crops Withering in Searing Heat,”
Radio Free Europe/Radio Liberty, 14 August 2003.

13. Larsen, op. cit. note 2.

14. Figure 7–1 from J. Hansen, NASA’s Goddard Institute for
Space Studies (GISS), “Global Temperature Anomalies in .01
C,” at www.giss.nasa.gov/data/update/gistemp, viewed 16
September 2004; USDA, op. cit. note 2.

15. Figure 7–2 from C. D. Keeling, T. P. Whorf, and the Carbon
Dioxide Research Group, “Atmospheric Carbon Dioxide
Record from Mauna Loa,” Scripps Institution of Oceanogra-
phy, University of California, at cdiac.esd.ornl.gov/trends/
trends.htm, updated June 2004; Intergovernmental Panel on
Climate Change (IPCC), Climate Change 2001: The Scientific
Basis. Contribution of Working Group I to the Third Assess-
ment Report (New York: Cambridge University Press, 2001).

16. IPCC, op. cit. note 15.

17. John Krist, “Water Issues Will Dominate California’s Agenda
This Year,” Environmental News Network, 21 February 2003.

18. World Wide Fund for Nature, “Going, Going, Gone! Climate
Change and Global Glacier Decline,” news release, at
www.panda.org/about_wwf/what_we_do/climate_change/
problems/impacts_glaciers.cfm, 27 November 2003; Global
Land Ice Measurements from Space, “Decline of World’s
Glaciers Expected to Have Global Impacts Over this Centu-
ry,” NASA Goddard Space Flight Center, news release, 29
May 2002.

19. IPCC, Climate Change 2001: Impacts, Adaptation, and Vul-
nerability. Contribution of Working Group II to the Third
Assessment Report (New York: Cambridge University Press,
2001).

20. Ibid.

21. IPCC, op. cit. note 15; University of Colorado at Boulder,
“Global Sea Levels Likely to Rise in 21st Century Than Previ-
ous Predictions,” press release (Boulder, CO: 16 February
2002).

22. W. Krabill et al., “Greenland Ice Sheet: High Elevation Bal-
ance and Peripheral Thinning,” Science, 21 July 2000, p. 428.

23. World Bank, World Development Report 1999/2000 (New

Notes: Chapter 7 221

Update (Earth Policy Institute), 9 October 2003.

3. United Nations, World Population Prospects: The 2002 
Revision (New York: 2003).

4. Peng et al., op. cit. note 1.

5. Ibid.

6. David B. Lobell and Gregory P. Asner, “Climate and Manage-
ment Contributions to Recent Trends in U.S. Agricultural
Yields,” Science, 14 February 2003, p. 1032.

7. John E. Sheehy, International Rice Research Institute, Philip-
pines, e-mail to Janet Larsen, Earth Policy Institute, 2 Octo-
ber 2002.

8. L. H. Allen, Jr., et al., “Carbon Dioxide and Temperature
Effects on Rice,” in S. Peng et al., eds., Climate Change and
Rice (Berlin: Springer-Verlag, 1995), pp. 258–77; B. A. Kim-
ball, K. Kobayashi, and M. Bindi, “Responses of Agricultur-
al Crops to Free-Air CO2 Enrichment,” Advances in
Agronomy, vol. 77, pp. 293–368; K. S. Kavi Kumar and Jyoti
Parikh, “Socio-Economic Impacts of Climate Change on Indi-
an Agriculture,” International Review for Environmental
Strategies, vol. 2, no. 2 (2001), pp. 277–93.

9. Mohan K. Wali et al., “Assessing Terrestrial Ecosystem Sus-
tainability,” Nature & Resources, October–December 1999,
pp. 21–33.

10. USDA, World Agricultural Supply and Demand Estimates
(Washington, DC: 12 August 2003), p. 1.

11. Peter Griffiths, “Record Heatwave Bakes Britain,” Reuters, 12
August 2003; Alessandra Rizzo, “Italy Heat Wave Said to Kill
4,000 Elders,” Associated Press, 11 September 2003; Daniel
Silva, “Portugal Heat-Wave Toll Well Below Initial Estimate
of 1,300: Minister,” Agence France-Presse, 3 September 2003;
National Atmospheric and Oceanic Administration/USDA,
International Weather and Crop Summary (Washington, DC:
29 June 2003); World Meteorological Organization, “Global
Temperature in 2003 Third Warmest,” press release, 22
December 2003.

12. Eastern Europe wheat crop from USDA, Grain: World Mar-
kets and Trade (Washington, DC: August 2003), p. 8; Ukraine
and Romania wheat crop and Ukraine forced to import from
USDA, op. cit. note 2; Czech Republic grain harvest from

220 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 220



Rises,” in Worldwatch Institute, Vital Signs 2003, op. cit. this
note.

35. Worldwatch Institute, Signposts 2001, op. cit. note 34, updat-
ed by Earth Policy Institute from AWEA, op. cit. note 34;
EWEA, Europe’s Installed Wind Capacity (Brussels: 2003);
Denmark from Soren Krohn, “Wind Energy Policy in Den-
mark: Status 2002,” Danish Wind Energy Association, at
www.windpower.org/articles/energypo.htm, February 2002.

36. Larry Flowers, National Renewable Energy Laboratory,
“Wind Power Update,” at www.eren.doe.gov/windpowering
america/pdfs/wpa/wpa_update.pdf, viewed 19 June 2002;
Glenn Hasek, “Powering the Future,” Industry Week, 1 May
2000; 2¢ per kilowatt-hour from EWEA and Greenpeace,
Wind Force 12 (Brussels: 2003).

37. “US Wind Power Industry Gets Tax Credit Boost,” Reuters, 
13 March 2002; “Blocked US Energy Bill Slows Wind Power
Projects,” Reuters, 12 January 2004.

CHAPTER 8. REVERSING CHINA’S HARVEST DECLINE

1. U.S. Department of Agriculture (USDA), Production, Supply,
and Distribution, electronic database, at www.fas.usda
.gov/psd, updated 13 August 2004; historical data from
Worldwatch Institute, Signposts 2001, CD-Rom (Washington,
DC: 2001).

2. USDA, op. cit. note 1; Wang Tao, “The Process and Its 
Control of Sandy Desertification in Northern China,” 
seminar on desertification in China, Cold and Arid Regions
Environmental & Engineering Institute, Chinese Academy of
Sciences, Lanzhou, China, May 2002. 

3. USDA, op. cit. note 1; “State Raises Rice Prices Amid Output
Drop,” China Daily, 29 March 2004.

4. USDA, op. cit. note 1.

5. Population from United Nations, World Population
Prospects: The 2002 Revision (New York: 2003); livestock
population from U.N. Food and Agriculture Organization
(FAO), FAOSTAT Statistics Database, at apps.fao.org, updat-
ed 24 May 2004; desertification in China from Wang, op. cit.
note 2; U.S. Embassy, “Desert Mergers and Acquisitions,” 

Notes: Chapters 7 and 8 223

York: Oxford University Press, 2000), p. 100; population from
United Nations, op. cit. note 3.

24. IPCC, op. cit. note 15.

25. USDA, op. cit. note 2.

26. U.S. Department of Energy and Environmental Protection
Agency, Fuel Economy Guide (Washington, DC: 2004); 
gasoline savings based on Malcolm A. Weiss et al., Compara-
tive Assessment of Fuel Cell Cars (Cambridge, MA: 
Massachusetts Institute of Technology, 2003).

27. U.S. Department of Transportation, Bureau of Transporta-
tion Statistics, Transportation Statistics Annual Report
(Washington, DC: October 2003), p. 52.

28. D. L. Elliott, L. L. Wendell, and G. L. Gower, An Assessment
of the Available Windy Land Area and Wind Energy Potential
in the Contiguous United States (Richland, WA: Pacific
Northwest Laboratory, 1991); C. L Archer, and M. Z. Jacob-
son, “The Spatial and Temporal Distributions of U.S. Winds
and Wind Power at 80 m Derived From Measurements,” Jour-
nal of Geophysical Research, 16 May 2003.

29. Howard Geller, Compact Fluorescent Lighting, American
Council for an Energy Efficient Economy Technology Brief, at
www.aceee.org, viewed 17 September 2004.

30. Elliott, Wendell, and Gower, op. cit. note 28.

31. Ibid.; Archer and Jacobson, op. cit. note 28.

32. European Wind Energy Association (EWEA), Wind Power
Targets for Europe: 75,000 MW by 2010 (Belgium: 2003).

33. Garrad Hassan and Partners, Ltd., Sea Wind Europe (Lon-
don: Greenpeace, 2004).

34. Figure 7–3 from Worldwatch Institute, Signposts 2001, 
CD-Rom (Washington, DC: 2001), updated by Earth Policy
Institute from American Wind Energy Association (AWEA),
Global Wind Energy Market Report (Washington, DC: 
updated March 2004); oil from Energy Information Adminis-
tration, “World Oil Demand,” International Petroleum
Monthly, April 2004; natural gas and coal from Janet L.
Sawin, “Fossil Fuel Use Up,” in Worldwatch Institute, Vital
Signs 2003 (New York: W.W. Norton & Company, 2003), pp.
34–35; nuclear power from Nicholas Lenssen, “Nuclear Power

222 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 222



(Victoria, B.C., Canada: Victoria Transport Policy Institute,
November 2000), p. 4, on Ward’s Communications, Ward’s
World Motor Vehicle Data (Southfield, MI: 2000), on Jeffrey
Kenworthy, Associate Professor in Sustainable Settlements,
Institute for Sustainability and Technology Policy, Murdoch
University, Australia, e-mail message to Larsen, and on David
Walterscheid, FHWA Real Estate Office, discussion with
Larsen; cars sold in China from Peter S. Goodman, “Car 
Culture Captivates China,” Washington Post, 8 March 2004;
estimated grain production from USDA, op. cit. note 1.

17. Calculations for paved area by Larsen, op. cit. note 16; grain-
land from USDA, op. cit. note 1.

18. Figure 8–2 from FAO, op. cit. note 5; average farm size from
Roy L. Prosterman, “China’s New Market in Land,” Wall
Street Journal, 7 March 2003.

19. Ministry of Agriculture, Forestry, and Fisheries, Statistical
Yearbook of Agriculture, Forestry, and Fisheries (Tokyo:
various years); Ministry of Agriculture, Forestry, and Fish-
eries, Statistical Yearbook of Agriculture, Forestry, and Fish-
eries (Seoul: various years); Taiwan from John Dyck, USDA,
Foreign Agricultural Service, Washington, DC, private com-
munication, 16 March 1995.

20. “State Raises Rice Prices,” op. cit. note 3; “Unprecedented
State Subsidy Spurs China’s Grain Production,” World News
Connection, 17 April 2004.

21. FAO, FISHSTAT Plus, electronic database, viewed 13 Septem-
ber 2004; Jinyun Ye, Carp Polyculture System in China
(Huzhou, China: Institute of Freshwater Fisheries, 1998).

22. FAO, op. cit. note 21.

23. Casey E. Bean and Adam Branson, Fishery Products Situation
Report (Beijing: USDA, Foreign Agricultural Service, 17 June
2004); Suzi Fraser Dominy, “Soy’s Growing Importance,”
World Grain, 1 June 2003.

24. FAO, op. cit. note 21.

25. USDA, Foreign Agricultural Service, China Oilseeds and
Products Annual Report 2004 (Beijing: March 2004); Fraser
Dominy, op. cit. note 23; USDA, op. cit. note 1.

26. Bean and Branson, op. cit. note 23.

Notes: Chapter 8 225

Beijing Environment, Science, and Technology Update
(Beijing: 19 July 2002).

6. Wang, op. cit. note 2.

7. Wang Tao, Cold and Arid Regions Environmental & Engi-
neering Institute, e-mail message to author, 6 April 2004.

8. Table 8–1 from China Meteorological Administration, cited
in U.S. Embassy, Grapes of Wrath in Inner Mongolia (Beijing:
2001).

9. FAO, op. cit. note 5; historical data from Worldwatch Insti-
tute, op. cit. note 1; livestock concentration from Hu Zizhi
and Zhang Degang, “China,” Country Pasture/Forage
Resource Profiles, at www.fao.org/WAICENT/FAOINFO/
AGRICULT/AGP/AGPC/doc/Counprof/china/china1.htm,
viewed 30 September 2004.

10. FAO, op. cit. note 5; historical data from Worldwatch Insti-
tute, op. cit. note 1; photograph from Lu Tongjing, Desert
Witness: Images of Environmental Degradation in China’s
Northwest (Beijing: Heinrich Boll Foundation and China
Environment and Sustainable Development Reference and
Research Center, 2003).

11. Asian Development Bank, Technical Assistance to The Peo-
ple’s Republic of China for Optimizing Initiatives to Combat
Desertification in Gansu Province (Manila, Philippines:
2001). 

12. U.S. Embassy, op. cit. note 8.

13. U.S. Bureau of the Census, 1930 Fact Sheet, at www.census
.gov, revised March 2002; United Nations, op. cit. note 5.

14. China Internet Information Center, “National Conditions” 
at www.china.org.cn/english/shuzi-en/en-shuzi/gq/htm/s
.htm, viewed 1 September 2004.

15. “China Publishes Annual Report on Land and Resources,”
Xinhua News Agency, 9 April 2004.

16. Calculations for paved area by Janet Larsen, Earth Policy
Institute, based on U.S. Department of Transportation, Fed-
eral Highway Administration (FHWA), Highway Statistics
1999 (Washington, DC: 2001), on Mark Delucchi, “Motor
Vehicle Infrastructure and Services Provided by the Public Sec-
tor,” cited in Todd Litman, Transportation Land Valuation

224 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 224



43. “State Raises Rice Prices,” op. cit. note 3; Susan Cotts
Watkins and Jane Menken, “Famines in Historical Perspec-
tive,” Population and Development Review, December 1985.

44. “State Raises Rice Prices,” op. cit. note 3; USDA, op. cit. note 1.

45. Figure 8–5 from USDA, op. cit. note 1; International Mone-
tary Fund, International Financial Statistics, electronic
database, viewed 2 September 2004.

46. USDA, op. cit. note 1.

47. Ibid.

48. Xie Wei and Christian DeBresson, “China’s Progressive 
Market Reform and Opening,” at www.unido.org/user
files/hartmany/IDR-01_DebCHINA-part-I-FINAL-without-
introd.pdf, United Nations Industrial Development Organiza-
tion, 2001; USDA, op. cit. note 1.

49. Arthur Kroeber, “Wanted: Property Rights for China’s 
Farmers,” Financial Times, 11 March 2004.

50. Support prices from Fred Gale et al., China Grain Policy at a
Crossroads, Agricultural Outlook (Washington, DC: USDA,
Economic Research Service (ERS), September 2001); Hsin-
Hui Hsu and Fred Gale, coordinators, China: Agriculture in
Transition (Washington, DC: USDA, ERS, November 2001);
“Unprecedented State Subsidy,” op. cit. note 20.

51. FAO, op. cit. note 21.

52. China Internet Information Center, op. cit. note 14.

53. U.S. Embassy, op. cit. note 8.

54. U.S. Embassy, China Adopts Law to Control Desertification
(Beijing: November 2001).

CHAPTER 9. THE BRAZILIAN DILEMMA

1. U.S. Department of Agriculture (USDA), Production, Supply,
and Distribution, electronic database, at www.fas.usda
.gov/psd, updated 13 August 2004.

2. Ibid.

3. Ibid., updated March 2004.

4. U.N. Food and Agriculture Organization (FAO), The State of

Notes: Chapters 8 and 9 227

27. Ibid.

28. World Bank, China: Agenda for Water Sector Strategy for
North China (Washington, DC: 2001); Sandra Postel, Last
Oasis (New York: W.W. Norton & Company, 1997), p. 36–37;
share of China’s grain harvest from the North China Plain
based on Hong Yang and Alexander Zehnder, “China’s
Regional Water Scarcity and Implications for Grain Supply
and Trade,” Environment and Planning A, vol. 33 (2001), and
on USDA, op. cit. note 1.

29. Michael Ma, “Northern Cities Sinking as Water Table Falls,”
South China Morning Post, 11 August 2001.

30. Lester R. Brown and Brian Halweil, “China’s Water Shortages
Could Shake World Food Security,” World Watch, July/August
1998, p. 11.

31. Population of Beijing and Tianjin from China Internet Infor-
mation Center, op. cit. note 14; Hai River basin from Dennis
Engi, China Infrastructure Initiative, Sandia National Labo-
ratory, at www.igaia.sandia.gov/igaia/China/China.html.

32. Author’s estimate.

33. Ma Jun, China’s Water Crisis (Norwalk, CT: EastBridge,
2004), pp. 148–56.

34. Ma, op. cit. note 29.

35. Ibid.

36. Yang and Zehnder, op. cit. note 28, p. 85.

37. World Bank, op. cit. note 28, p. vii.

38. USDA, op. cit. note 1.

39. Figure 8–3 from ibid.

40. Figure 8–4 from ibid.

41. Business Daily Update, “Food Prices Up 7.9% in March,”
Financial Times Information Limited, 20 April 2004.

42. “China Delegation Bought More than 500,000 MT US
Wheat—Traders,” Dow Jones Newswires, 19 February 2004;
China National Grain and Oils Information Center, China
Grain Market Weekly Report (Beijing: 16 April 2004); “Viet-
nam Says China Seeks 500,000 T Rice, Paddy,” Reuters, 31
August 2004.

226 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 226



18. Ibid.

19. Ibid.

20. USDA, op. cit. note 1; Melissa Alexander, “Focus on Brazil,”
World Grain, January 2004.

21. USDA, op. cit. note 1.

22. Ibid.; Vania R. Pivello, “Types of Vegetation,” Embassy of
Brazil in the United Kingdom, at www.brazil.org.uk/page
.php?cid=283&offset=0, viewed September 2004.

23. USDA, op. cit. note 1; Pivello, op. cit. note 22.

24. USDA, op. cit. note 1.

25. Ibid.

26. McVey, op. cit. note 17; Schnepf, Dohlman, and Bolling, op.
cit. note 10; Figure 9–5 compiled from USDA, op. cit. note 1.

27. Livestock exports from USDA, op. cit. note 1, updated 18
March 2004; livestock production data from FAO, FAOSTAT
Statistics Database, at apps.fao.org, updated 24 May 2004.

28. Figure 9–6 compiled from FAO, op. cit. note 27; beef produc-
tion described in David Kaimowitz et al., Hamburger Con-
nection Fuels Amazon Destruction (Jakarta, Indonesia:
Center for International Forestry Research, April 2004).

29. Figure 9–7 compiled from USDA, op. cit. note 1, updated 18
March 2004; price rise in Kaimowitz et al., op. cit. note 28;
FAO, op. cit. note 27.

30. FAO, op. cit. note 27.

31. USDA, op. cit. note 1, updated 18 March 2004.

32. Author’s calculation.

33. Population from United Nations, op. cit. note 4; Dominic 
Wilson and Roopa Purushothaman, Dreaming With BRICs:
The Path to 2050 (New York: Goldman, Sachs & Co., 2003).

34. USDA, op. cit. note 1; FAO, op. cit. note 27; Alexander, op. cit.
note 20.

35. USDA, op. cit. note 1.

36. Ibid.

37. Ibid.

Notes: Chapter 9 229

Food Insecurity in the World 2002 (Rome 2002); United
Nations, World Population Prospects: The 2002 Revision
(New York: February 2003).

5. FAO, The State of Food and Agriculture 1995 (Rome: 1995),
p. 175.

6. Marty McVey, Phil Baumel, and Bob Wisner, “Brazilian Soy-
beans—What is the Potential?” AgDM Newsletter, October
2000; FAO, FISHSTAT Plus, electronic database, viewed 13
September 2004; Peruvian anchovy industry from Lester R.
Brown and Erik P. Eckholm, By Bread Alone (New York: Over-
seas Development Council, 1974), pp. 155–57; soybean prices
from International Monetary Fund, International Financial
Statistics, electronic database, viewed 2 September 2004.

7. Philip M. Fearnside, “Soybean Cultivation as a Threat to 
the Environment in Brazil,” Environmental Conservation, 7
January 2000, pp. 23–38; USDA, op. cit. note 1.

8. McVey, Baumel, and Wisner, op. cit. note 6; Figure 9–1 from
Ricardo B. Machado et al., Estimativas de Perda da Area do
Cerrado Brasilero, technical paper (Brasilia: Conservation
International: unpublished, July 2004). 

9. Kenneth Cassman, discussion with author, 20 September
2004.

10. McVey, Baumel, and Wisner, op. cit. note 6; Randall D.
Schnepf, Erik N. Dohlman, and Christine Bolling, Agriculture
in Brazil and Argentina (Washington, DC: USDA, Economic
Research Service: 2001).

11. Schnepf, Dohlman, and Bolling, op. cit. note 10.

12. Figure 9–2 compiled from USDA, op. cit. note 1.

13. Figure 9–3 complied from ibid.

14. Figure 9–4 compiled from ibid.

15. Schnepf, Dohlman, and Bolling, op. cit. note 10, p. 37; USDA,
op. cit. note 1.

16. USDA, “Brazil: Soybean Expansion Expected to Continue in
2004/2005,” at www.fas.usda.gov/pecad/highlights/2004/08/
Brazil_soy_files/index.htm, 16 August 2004.

17. Marty McVey, “Brazilian Soybeans—Transportation Prob-
lems,” AgDM Newsletter, November 2000.

228 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 228



3. United Nations, World Population Prospects: The 2002 Revi-
sion (New York: 2003).

4. Anita Katial-Zemany and Rosida Nababan, Indonesia
Oilseeds and Products: Palm Oil Update 2003 (Jakarta:
USDA, Foreign Agricultural Service (FAS), 1 December 2003);
R. Hoh, Malaysia Oilseeds and Products Annual 2003 (Kuala
Lumpur: USDA, FAS, 17 March 2003); for discussion of
Brazil’s cropland potential, see Chapter 9.

5. For more information on water, see Chapter 6; for tempera-
ture and crops, see Chapter 7.

6. U.N. Food and Agriculture Organization (FAO), FISHSTAT
Plus, electronic database, viewed 13 August 2004.

7. Kenneth Cassman, Professor and Head of Department of
Agronomy and Horticulture, University of Nebraska, letter to
author, 7 May 2004; Thomas R. Sinclair, “Limits to Crop
Yield?” in American Society of Agronomy, Crop Science Soci-
ety of America, and Soil Science Society of America, Physiol-
ogy and Determination of Crop Yield (Madison, WI: 1994),
pp. 509–32.

8. USDA, op. cit. note 1; Lester R. Brown, Who Will Feed China?
(New York: W.W. Norton & Company, 1995).

9. United Nations, op. cit. note 3.

10. USDA, op. cit. note 1.

11. “Wheat Board Pulls Out of World Market,” Canada Press,
6 September 2002; “Drought Threat to Australian Summer
Crops,” Financial Times, 27 November 2002; Michael Byrnes,
“Australia Drought Further Cuts Crops,” Planet Ark, 
23 October 2002; “The Spector of Starvation,” New York
Times, 15 June 2002; “Poland Implements Grain Export
Fees,” Dow Jones & Company, Inc., 11 September 2003.

12. “Russian Government Sets Grain Export Duty for Period
Until May 1,” ITAR-TASS News Agency, 15 December 2003.

13. “Vietnam Says China Seeks 500,000 T Rice, Paddy,” Reuters,
31 August 2004.

14. USDA, op. cit. note 1.

15. Ibid.; prices in IMF, op. cit. note 2.

16. USDA, op. cit. note 1.

Notes: Chapters 9 and 10 231

38. FAO, op. cit. note 5.

39. USDA, op. cit. note 1.

40. Fearnside, op. cit. note 7.

41. McVey, Baumel, and Wisner, op. cit. note 6; USDA, op. cit.
note 1.

42. Fearnside, op. cit. note 7, p. 23.

43. USDA, The Amazon: Brazil’s Final Soybean Frontier
(Washington, DC: 2004).

44. William F. Laurance et al., “The Future of the Brazilian 
Amazon,” Science, 19 January 2001, pp. 438–39.

45. Kaimowitz et al., op. cit. note 28, p. 5.

46. Rebecca Lindsay, “From Forest to Field: How Fire is 
Transforming the Amazon,” NASA Web site, at earth
observatory.nasa.gov, 8 June 2004.

47. Eneas Salati and Peter B. Vose, “Amazon Basin: a System in
Equilibrium,” Science, 13 July 1984, pp. 129–38.

48. Ibid.

49. Ibid.; William F. Laurance et al., “Deforestation in Amazo-
nia,” Science, 21 May 2004, p. 1109.

50. Kaimowitz et al., op. cit. note 28.

51. Conservation International, “The Brazilian Cerrado,” at
www.biodiversityhotspots.org, viewed 10 September 2004.

52. Kaimowitz et al., op. cit. note 28, p. 5.

53. Ibid.

54. Laurance et al., op. cit. note 44.

CHAPTER 10. REDEFINING SECURITY

1. U.S. Department of Agriculture (USDA), Production, Supply,
and Distribution, electronic database, at www.fas.usda.gov/
psd, updated 13 August 2004.

2. Ibid.; world grain and soy prices from International Mone-
tary Fund (IMF), International Financial Statistics, electronic
database, various years.

230 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 230



Union’s Common Agricultural Policy; Conservation Reserve
Program from USDA, Economic Research Service, Agri-Envi-
ronmental Policy at the Crossroads: Guideposts on a Chang-
ing Landscape, Agricultural Economic Report No. 794
(Washington, DC: January 2001), p. 16.

29. Grainland expansion from USDA, op. cit. note 1, and from
historical data in Worldwatch Institute, Signposts 2002, CD-
Rom (Washington, DC: 2002).

30. For more information on plant breeding, see Chapter 4.

31. Lester R. Brown, “Paving the Planet: Cars and Crops 
Competing for Land,” Eco-Economy Update (Washington,
DC: Earth Policy Institute, 14 February 2001); population
from United Nations, op. cit. note 3.

32. Lonnie Ingram, “Grand Challenge for Renewable Energy
from Biomass,” Florida Center for Renewables, at fcrc.ifas
.ufl.edu/LOI%20Message.htm, viewed 23 September 2004;
food-population equivalent is author’s calculation based on
world grain production from USDA, op. cit. note 1, and on
world population from United Nations, op. cit. note 3.

33. Prices from IMF, op. cit. note 2; relationship between ethanol
production and prices in Joseph DiPardo, Outlook for
Biomass Ethanol Production and Demand (Washington, DC:
U.S. Department of Energy, Energy Information Administra-
tion, July 2000), p. 4.

34. U.N. Population Fund, State of World Population 2004 (New
York: 2004), p. 7.

35. Water use from Peter H. Gleick, The World’s Water 2000–2001
(Washington, DC: Island Press, 2000), p. 52.

36. Potential cerrado cultivatable area from Marty McVey, Phil
Baumel, and Bob Wisner, “Brazilian Soybeans—What is the
Potential?” AgDM Newsletter, October 2000.

Notes: Chapter 10 233

17. United Nations, op. cit. note 3; U.S. Census Bureau, Foreign
Trade Statistics, “Trade: Imports, Exports and Trade Balance
with China,” at www.census.gov/foreign-trade/balance/c5700
.html, updated 10 September 2004

18. Agricultural production databases at USDA, op. cit. note 1,
and FAO, FAOSTAT Statistics Database, at apps.fao.org,
updated 24 May 2004.

19. USDA, op. cit. note 1; IMF, op. cit. note 2; Lester R. Brown
and Erik P. Eckholm, By Bread Alone (New York: Overseas
Development Council, 1974), pp. 69–72.

20. FAO, The World Food Summit Goal and the Millennium
Goals, Rome, 28 May–1 June 2001, at www.fao.org/docrep/
meeting/003/Y0688e.htm; FAO, The State of Food Insecurity
in the World 2002 (Rome: 2002), p. 4; grain stocks from
USDA, op. cit. note 1.

21. USDA, op. cit. note 1; United Nations, op. cit. note 3.

22. USDA, op. cit. note 1.

23. Yacov Tsur et al., Pricing Irrigation Water: Principles and
Cases from Developing Countries, (Washington, DC:
Resources for the Future, 2004), p. 219.

24. Intergovernmental Panel on Climate Change, Climate Change
2001: The Scientific Basis. Contribution of Working Group I
to the Third Assessment Report of the Intergovernmental
Panel on Climate Change (New York: Cambridge University
Press, 2001), pp. 102–03.

25. Qu Geping cited in “China Adopts Law to Control Desertifi-
cation,” report from U.S. Embassy in Beijing, November 2001,
at www.usembassy-china.org.cn/sandt/desertification_law
.htm, viewed 23 September 2004; U.N. Environment Pro-
gramme, cited in GEF-IFAD Partnership, Tackling Land
Degradation and Desertification (Washington, DC: July 2002).

26. For more information on the consequences of desertification,
see Chapter 5.

27. U.S. farm program from USDA, Agricultural Resources and
Environmental Indicators 1996–97 (Washington, DC: July
1997), pp. 255–327.

28. European percent total cropland reserve is author’s estimate
based on official 10-percent reserve allowance in European

232 OUTGROWING THE EARTH

OutGrowNotes  10/18/04  6:27 PM  Page 232




