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Framing the Discussion: Sustainable Agriculture = Sustainable Society 

Developing a sustainable agriculture is a necessary part of creating a sustainable society. The 

root of the word sustainable is the verb, to sustain, which means to nourish and prolong. In social 

and environmental contexts we say something is sustainable when we believe it can persist 

indefinitely without exhausting resources or causing lasting damage.  

The actions we take as individuals are at the core of both the problems and the solutions. Just by 

purchasing conventional goods at your local supermarket, you cause 4 lbs of pesticides to be put 

into the environment each year. The food supply chain averages of 4200 miles to reach your 

plate, when it could come from local farms and use a fraction of the transportation fuels. And the 

2.6 acres of U.S. farmland (your pro-rata share) have lost 50% of the carbon in the soil since 

1907, the equivalent CO2 of burning 90 barrels of oil ï on top of your normal carbon emissions.  

Cumulatively, agriculture impacts our society at a scope and scale that few appreciate, far 

beyond the initial realms of our food safety, quality, and the local environment. Due to the scale 

of natural resources required to provide food, fiber and fuel to 6.7 billion people, agriculture 

requires continued global-scale supplies of fertile land, clean water, fossil fuels, fertilizers, 

pesticides, and transportation infrastructure. These issues underpin our civilizationôs energy 

security, population distribution and capacity, national security, and cause agriculture to be a key 

player, for good and bad, in the fate of our planetôs climate.  

A 2008 article in the popular journal New Scientist titled ñHow our economy is killing the Earthò 

included a number of graphics
1
 showing the exponential growth in consumption of planetary 

resourceséleading to an exponential growth in problems (Figs. 1 & 2). Agriculture, both 

directly or indirectly, contributes to resource consumption and pollution, and can be used to 

benefit or aggravate the situation.  

 

                                                

1 http://www.newscientist.com/article/mg20026786.000-special-report-how-our-economy-is-killing-the-earth.html  

http://www.newscientist.com/article/mg20026786.000-special-report-how-our-economy-is-killing-the-earth.html
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Fig. 1. Human economies have increased consumption of resources at an exponential rate. 
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Fig. 2. Negative ecological indicators have also grown exponentially. 

Exponential growth is by definition unsustainable, and signs such as fishery collapses, forest loss 

and species extinctions, and melted glaciers and other evidence of climate change all are warning 

signs at bestétrip-wires at worst.  
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Discussions of an alternative path, or sustainable development, often begin by reviewing a 

schematic of development that balances social, economic and environmental parameters, which 

are often called the ñthree pillarsò (Fig. 3).
2
 

 

Fig. 3. A common schematic of sustainable development.  

Ecological Economists would produce a different schematic that places the economy and all 

social systems as a subsets of the environment to reflect that humans are a part of and totally 

dependent upon the environment (Fig. 4).
3
 In other words, these are not three parts in a balanced 

relationship but a nested set of parts with a clear hierarchy. 

                                                

2 Graphic from: http://en.wikipedia.org/wiki/Sustainable_development  
3 Graphic from: http://www.uvm.edu/~gflomenh/VTLAW-EcoEcon/  

http://en.wikipedia.org/wiki/Sustainable_development
http://www.uvm.edu/~gflomenh/VTLAW-EcoEcon/
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Fig. 4. Ecological economics views the relationships among the environment, society and the 

economy as being nested. 

Both views of sustainability, however, establish criteria for understanding the long-term viability 

of related environmental, social and economic systems. This white paper will do so for 

agriculture.  

The Impetus for Change 

Our modern agricultural system, the so-called ñgreen revolution,ò has enabled tremendous 

productivity gains from the land, enabling us to grow from 2 billion to 6.7 billion people on the 

planet over the past 100 years.  

Modern farming methods are designed to generate maximum financial and production returns, 

and they do this well over the short and even medium term. For example, conventional farmers 

usually grow a single crop over large acreage; use herbicides to sterilize the soil prior to planting, 

then add artificial fertilizers to stimulate crop growth and pesticides to treat overpopulated pests 

(caused by monocropping); all the while decreasing the productivity of the soil over time. 

However, such practices have been shown to reduce returns (net of fertilizer, herbicide and 

pesticide costs) by 25% to 30% in as few as five years
4
, while requiring increasing amounts of 

costly and toxic artificial inputs. Unfortunately, once started, the system is very difficult to 

escape. 

                                                

4 Source: ñLinking Land Quality, Agricultural Productivity, and Food Security,ò USDA, 2003 
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Even with its history of yield improvements, agricultural production today is no longer keeping 

up with current demands. For example, from 1998 to 2008 the global consumption of grain has 

outpaced total production in most years, leading to low carry-over stocks (Fig. 6).
5
 

 

Fig. 6. Production of cereals has generally been lower than consumption for the past decade. 

(Graphic from FOAôs Food Outlook November 2008).  

Achieving expected growth is daunting as well. If demographic trends continue, agricultural 

output will need to nearly double by 2050
6
, yet the available fertile farmland per person will be 

one-third the levels in 1950.
7
 Demand for farmland production is increasing due to rising 

population, greater consumption of meat (requiring additional grains to feed the animals), and 

new biofuel mandates consuming corn and oil-seed crops. Meanwhile farmland acreage 

worldwide is decreasing due to land development, soil and water depletion, increasing soil 

salinity, and other factors.  

Furthermore, these farm practices are environmentally unsustainable on a global level, as they:  

1) Degrade soil, air and water quality from tillage, chemical applications, and concentrated 

wastes. Topsoil with low organic matter content and little biological activity is unable to 

hold onto the added chemicals, with the runoff causing algal blooms and then ñdead 

zonesò in fresh water and oceans. 

                                                

5 U.N. Food and Agriculture Organization (FAO), see especially FAOôs Food Outlook: 

http://www.fao.org/giews/english/fo/; and Crop Prospects and Food Situation: 

http://www.fao.org/giews/english/cpfs/index.htm  
6 Tweeten, L. and S. Thompson, 2008 ñLong-term Global Agricultural Output Supply-Demand Balance and Real 

Farm and Food Prices,ò http://ideas.repec.org/p/ags/ohswps/46009.html  
7 FAO, FAOSTAT & the U.N. Population Division 

http://www.fao.org/giews/english/fo/
http://www.fao.org/giews/english/cpfs/index.htm
http://ideas.repec.org/p/ags/ohswps/46009.html
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2) Consume and deplete non-renewable resources such as ancient aquifers, natural gas and 

petroleum-based fuels, fertilizers, herbicides and pesticides, and use mined minerals such 

as rock phosphate to promote productivity.
 8
 

3) Put 5 billion pounds of potentially harmful chemicals into the environment each year 

through pesticide use (includes herbicides, insecticides and fungicides), with over a 

billion pounds in the U.S. alone.
9
 This goes directly into our food, with 77% of the food  

consumed in the U.S. containing pesticide residue, and 47% containing residue from 

multiple pesticides.
10

 

4) Contribute to greenhouse gas emissions from the direct use of fossil fuels, and indirectly 

through the breakdown of soil carbon and the conversion of natural ecosystems such as 

forests and wetlands. About 16% of greenhouse gas emissions in the U.S. come from 

food production, distribution and retail (Fig. 5).
11

  

 

Fig. 5. A study of the relative contributions of foods and their production, distribution and sales 

towards CO2e for the United States shows that production accounts for 83% of GHG emissions 

from agriculture. (Graphic from Weber and Mathews, 2008). 

                                                

8 See Heinberg, R., and M. Bomford, 2009: http://www.postcarbon.org/food for an excellent review of resource 

consumption and pollution from agriculture.  
9 For 20 years of U.S. data see: http://edis.ifas.ufl.edu/document_pi179; Global and U.S. data from 2001 are here: 

http://www.epa.gov/oppbead1/pestsales/01pestsales/table_of_contents2001.htm; and for a review of trends see: 
http://pubs.acs.org/cen/coverstory/87/8707cover1a.html  
10 See page 165 of this report from the USDA Pesticide Data Program: 

http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5074338  
11 See the U.S. greenhouse gas inventory here: http://www.epa.gov/climatechange/emissions/usinventoryreport.html; 

and a life cycle analysis of the U.S. food system by Weber C. and S. Mathews, 2008: 

http://pubs.acs.org/doi/full/10.1021/es702969f?cookieSet=1  

http://www.postcarbon.org/food
http://edis.ifas.ufl.edu/document_pi179
http://www.epa.gov/oppbead1/pestsales/01pestsales/table_of_contents2001.htm
http://pubs.acs.org/cen/coverstory/87/8707cover1a.html
http://www.ams.usda.gov/AMSv1.0/getfile?dDocName=STELPRDC5074338
http://www.epa.gov/climatechange/emissions/usinventoryreport.html
http://pubs.acs.org/doi/full/10.1021/es702969f?cookieSet=1
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Climate change and water supply issues are likely to significantly affect agricultural production. 

About 70-90% of global freshwater withdrawals are used for agricultural irrigation.
12

 Globally, 

crop models show a general decline in the yields of major food crops and livestock, with the 

carbon dioxide fertilization effect being overwhelmed by extreme events and trends in 

temperature, water availability and pest pressures.
13

 For example, over the course of this century 

climate models show California's water supply declining overall, but especially during the spring 

and summer months when irrigation use is critical.
14

 A recent study from a University of 

California agricultural economist projected that the productivity and value of California farmland 

could drop by about 50% (range 13% to 67% across several models) due to higher temperatures 

and reduced water availability.
15

 

In summary, demographic momentum is pushing the human population into a predicament 

where more and more food is expected to come from less and less land and water, all the while 

requiring full and growing production and keeping no reserve. While food today is still generally 

plentiful and inexpensive, the trends suggest we are nearing system limits. At the same time, 

most agricultural practices degrade key ecological assets, including topsoil, fresh water, and the 

climate system. Unfortunately agriculture today cannot be easily relocated due to climate change, 

loss of topsoil or water ï the loss of growing regions or growing capacity due to a degraded 

environment will have a direct affect on us.    

Defining Sustainable Agriculture  

With respect to the environment, society and economics, sustainable agriculture would:  

(1) Not harm the environment from pollution,  

(2) Not be reliant on non-renewable inputs or degrade renewable ones,  

(3) Nourish people with non-toxic, healthy food and other useful feed stocks, and  

(4) Provide a fair, steady, return on effective investment in labor and capital.  

How can these goals be achieved? 

Sustainable farms employ productivity systems inspired by nature to deliver high yields through 

ecological synergy, diversity and resilience (Fig. 7). Sustainable farms are managed as fully-

integrated ecosystems, where knowledge of soils, macro and microscopic organisms such as 

bacteria and fungi, water, crops, weeds, pests, equipment and techniques are used to maximize 

the long-term health, productivity and economic profitability of the farm.  

                                                

12 http://www.agu.org/pubs/crossref/2007/2006WR005486.shtml; http://www.worldwater.org/data.html; 

http://faostat.fao.org/Portals/_Faostat/documents/pdf/world.pdf  
13 http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter5.pdf; 

http://www.pnas.org/content/104/50/19686.full  
14 http://cee.engr.ucdavis.edu/faculty/lund/CALVIN/ReportCEC/CECReport2003.pdf  
15 Fischer, A. ñDeterminants of California Farmland Values and Potential Impacts of Climate Change,ò Department 

of Agricultural and Resource Economics, UC Berkeley: 

http://www.agecon.ucdavis.edu/extension/update/articles/v9n5_2.pdf  

http://www.agu.org/pubs/crossref/2007/2006WR005486.shtml
http://www.worldwater.org/data.html
http://faostat.fao.org/Portals/_Faostat/documents/pdf/world.pdf
http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-chapter5.pdf
http://www.pnas.org/content/104/50/19686.full
http://cee.engr.ucdavis.edu/faculty/lund/CALVIN/ReportCEC/CECReport2003.pdf
http://www.agecon.ucdavis.edu/extension/update/articles/v9n5_2.pdf
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Fig. 7. The transition from conventional to sustainable farming is depicted by the National 

Sustainable Agriculture Information Service.
16

 

To know if a farm is sustainable we should be able to measure its impact on the environment, 

society, and its finances. Does the balance of farm activities emit or sequester carbon dioxide? Is 

topsoil being lost or built? Is the runoff of water from the farm clean or a burden to local rivers? 

Metrics can be developed for a number of important sustainability indicators, including:
17

 

(1) No build-up of persistent pollutants into the environment, 

(2) Development of soil carbon and a balanced soil food web 

(3) Enhancement of regional biodiversity and ecosystem services,  

(4) Use of renewable energy and recycled mineral resources, 

(5) Humane care of farm animals,  

(6) Food quality and health,  

(7) Worker fairness and safety, and  

(8) Economic viability.  

For example, an idealized sustainable farm wouldnôt use non-renewable fossil fuels and would 

store at least as much greenhouse gasses as it emits (Fig. 8). Energy use is a major area where 

ñsustainableò goes beyond the soil management, pesticide and herbicide regulations of ñorganicò 

farming. Farms are ideal places to deploy renewable energy systems, as they typically have 

abundant sunshine and may include significant wind or moving water resources. Liquid fuels are 

highly valued in farming because they can be used in machines to perform highly time sensitive 

                                                

16 Graphic from: http://attra.ncat.org/  
17 An example of these metrics is here: http://cuesa.org/sustainable_ag/CUESA_Sustainable_Ag_Framework.pdf 

http://attra.ncat.org/
http://cuesa.org/sustainable_ag/CUESA_Sustainable_Ag_Framework.pdf
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work, such as planting and harvesting. Perhaps 20% of farmland would need to be set aside for 

biofuel crops for on-farm use.
18

 Some are exploring options to electrify tractors.
19

 

 

Fig. 8. Trends in energy consumption by U.S. agriculture show that U.S. farms have become 

more energy efficient, but still rely heavily on fossil fuels. Fertilizers and pesticides generally use 

fossil fuels as a feedstock. (Adapted from Miranowski 2004, by Bomford and Heinberg, 2009). 

The Benefits of Sustainable Agriculture 

A compelling need exists for restorative and sustainable agriculture to help address the pressing 

trends of population, climate, energy, water, soil and food. The science and practices for 

sustainable and highly productive agriculture exist, and people are paying 50% to 200% 

premiums for organically farmed goods, but the farmers and farmland are converting 

slowlyétoo slowly, as only 0.5% of U.S. farmland is certified organic due to the barriers of cost, 

knowledge, time, and effort in shifting from conventional to organic and sustainable 

production.
20

  

Will society make the investments necessary to create a sustainable food system fast enough? 

Few people probably understand that shifting from conventional, chemical dependent farming 

takes time. The hidden world of the soil needs to recover. A farmer may need to ñweanò fields 

from chemicals over two years, and then be chemical free for three years before becoming 

organic ñcertifiedò and benefit from both high yields and good prices.  

                                                

18 See discussion of this topic in Bomford and Heinberg (2009): http://www.postcarbon.org/food; and graphic from 

here: http://energyfarms.wordpress.com/2009/04/16/how-much-energy-goes-into-our-food-system/  
19 For example, the RAMSES project in Europe, discussed here: http://europe.theoildrum.com/node/4606; and the 

USDA funded electric tractor conversion project: http://www.flyingbeet.com/electricg/  
20 http://www.ers.usda.gov/Data/Organic/  

http://www.postcarbon.org/food
http://energyfarms.wordpress.com/2009/04/16/how-much-energy-goes-into-our-food-system/
http://europe.theoildrum.com/node/4606
http://www.flyingbeet.com/electricg/
http://www.ers.usda.gov/Data/Organic/
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Healthy, organic soils are only one piece of a big picture. Sustainability also means incorporating 

renewable energy in all aspects of agriculture, transportation and food processing: Are electric or 

biofuel-driven tractors viable? How can natural gas be replaced when drying grains? Can 

relocalizing the food system be more profitable, use less energy, and reduce carbon emissions?  

While many questions on how to create a sustainable agriculture still remain, the human and 

environmental benefits of organic farming are scientifically documented. The benefits are 

reviewed in the context of the environment, society and economics respectively.
21

     

 Environmental Benefits 

ω Improved soil and water conservation: Organic production methods increase soil 

carbon (organic matter), water infiltration rates and water holding capacity, making more 

water available to plants per inch of rainfall received. Soils with less organic matter allow 

more surface runoff (removing topsoil and nutrients with the water), permit higher 

surface evaporation, and retain much less water within the soil structure (Fig. 9).
22

  

 

Fig. 9. Probability plots of rates of soil erosion from agricultural fields under conventional (e.g., 

tillage) and conservation agriculture (e.g., terracing and no-till methods), with erosion rates from 

areas and plots under native vegetation, rates of soil production, and geologic rates of erosion. 

(Graphic modified from Montgomery D. 2007) 

                                                

21 See this summary report for non-referenced statistics: http://www.rodaleinstitute.org/files/GreenRevUP.pdf 
22Montgomery D. 2007: http://www.pnas.org/content/104/33/13268.abstract  

http://www.rodaleinstitute.org/files/GreenRevUP.pdf
http://www.pnas.org/content/104/33/13268.abstract
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ω Mitigation of global warming : Sustainable farming on a large scale could dramatically 

mitigate CO
2
 emissions by increasing energy efficiency, enhancing soil carbon stocks, 

and switching to renewable fuels (Figs 10, 11 & 12).
23

 Agriculture is a major source of 

greenhouse gases. About 35% of the ice-free land surface is used for crops and livestock, 

and current agricultural practices produce about 25% of carbon, 50% of methane and 

>75% N20 emissions worldwide (including both land and energy use).
24

 However studies 

show that sustainable farming methods such as cover cropping and no or minimal till can 

sequester carbon for 20 to 50 years before reaching saturation.
25

 Conservatively, if each 

acre sequesters 0.2 metric tons of carbon per year, then 4 tons would be sequestered over 

20 years. For comparison, 4 tons of carbon is emitted by the average U.S. vehicle (20 

mpg, 12,500 miles per year) in 2.3 years.
26

 If these same farming practices are applied to 

all the worldôs 3.5 billion tillable acres, close to 9 percent of all global CO
2 

emissions 

would be mitigated. In addition to shifts in tillage practices, pyrolysis of crop residues to 

form biochar is being studied for its significance in carbon sequestration and 

enhancement of agricultural soils.
27

 Furthermore, the process of making biochar releases 

energy that can replace fossil fuels in many applications.  

 

Fig. 10. Greenhouse gas reductions in farming include energy efficiency, sequestering of 

carbon in soil, and replacement of fossil fuels with renewable energy. We would add 

development of local distribution channels to be resilient in the context of peak oil. 

(Graphic from Climate Friendly Farming). 

 

                                                

23 Climate Friendly Farming: http://cff.wsu.edu/; Lal, R., et al. 1998. The Potential of U.S. Cropland to Sequester 

Carbon and Mitigate the Greenhouse Effect. Ann Arbor Press, 128 p.; Soil Carbon Center handout, 

http://soilcarboncenter.k-state.edu/docs/C%20sequestration%20Handout.pdf  
24 Tubiello, F. et al., 2007; http://www.pnas.org/content/104/50/19686.full  
25 http://www.epa.gov/sequestration/rates.html  
26 http://epa.gov/climatechange/emissions/ind_calculator2.html  
27 http://www.biochar.org; http://www.geos.ed.ac.uk/sccs/biochar/; http://www.biochar-international.org/  

http://cff.wsu.edu/
http://soilcarboncenter.k-state.edu/docs/C%20sequestration%20Handout.pdf
http://www.pnas.org/content/104/50/19686.full
http://www.epa.gov/sequestration/rates.html
http://epa.gov/climatechange/emissions/ind_calculator2.html

