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Introduction

Aldy et al., (1998) provide a synopsis of the concepts to be discussed in this presentation. Their paper commences with a general definition of economic sustainability and the implications of sustainability for agriculture. To investigate implications of sustainable agriculture production for current agriculture production systems, we must understand how environment resources may be integrated in traditional economic farm models. Aldy et al., (1998) use capital asset theory to characterize environmental stocks/endowments (e.g. water quality, land quality, biodiversity, soils,……) in agricultural production. Depletion of stocks in the current period may reduce future consumption, but if the environmental asset is a renewable resource then it is possible to adjustment stocks of resources in the current period and increase future stocks and consumption. Data is presented to try and get a better understand of the past impact of agricultural production on environmental sustainability. These data are integrated with an economic discussion of possible impediments to the adoption of economic sustainable techniques. From this paper it may be observed that while farmer production decisions are somewhat static, their resource flow is dynamic. Farmers select input use from one season to the next with planning for the next season but not necessarily future seasons. However, decisions made today affect farm sustainability in the short-run and long-run. From here we move to three articles that are more focused on the implications of agricultural production for soil nutrient resources, the first paper uses a static analysis and the last two employ dynamic models.

Summary of Articles

1. Aldy, J.E., J, Hrubovcak, and U. Vasavada., “The Role of Technology in Sustaining Agriculture and the Environment”, Ecological Economics 26 (1) 1998:81-96.

Aldy et al., (1998) employ a definition for economic sustainability developed by the Brundtland Commission as, “meeting the needs of the present without compromising the ability of future generations to meet their own needs”. This broad definition may be illustrated using a flow diagram as displayed by Figure 1. In this diagram endowments or stocks are employed in the economic production processes to fulfill consumer demands, decreasing the quantity of endowments/stocks. If the net investment in savings or investment is negative then the net effect of economic production on endowment/stocks is negative.

Figure 1: Flow Diagram Outlining the General Concept of Sustainability

The broad definitions of sustainability above raise three questions of interest. “How does a general, economy-wide vision apply to a single sector, such as agriculture? What impediments to a freely functioning market economy can explain the failure of the agriculture sector to move on a sustainable path of economic development? What policies will steer the agriculture sector to move in a more sustainable direction?” The formal definition of agriculture sustainability as defined by the US Congress in the 1990 Farm Bill is; “…integrated system of plant and animal production practices having a site specific application that will, over the long term; (a) satisfy human food and fiber needs; (b) enhance environmental quality, (c) make efficient use of non-renewable resources and on-farm resources and integrated appropriate natural biological cycles and controls; (d) sustain the economic viability of farm operations; and (e) enhance the quality of life for farmers and society as a whole” (Public Law 101-624, Title XVI, Subtitle A, Section 1603). So how can we begin thinking about economics and sustainable agricultural development? Let’s try to get a feel for the impact of agriculture production on the environment to date.


Aldy et al., (1998) draw on several statistics to try to identify the impact of current agriculture practices on the environment and determine if agriculture has been sustainable. Statistics were collected for surface water quality, ground water quality, ground water quantity, loss of natural wetlands, food safety and the results are mixed but a couple conclusions may be drawn. First, when sustainable agriculture techniques are adopted improvements in environmental indicators result. Second, by comparing soil erosion and agriculture productivity growth rates, it is apparent that agriculture productivity will continue to increase, and may result in future resource degradation. What then are the impediments in the adoption of sustainable farming practices? 

On the supply side market failure is the primary impediment. By the general nature of sustainable agriculture techniques, sustainable agriculture is relatively easily replicated once the technology is developed, and firms cannot fully capture the benefits of their innovations. Furthermore, on the demand side the property-rights of benefits from conservation are poorly defined. One farmer may improve water quality but everyone benefits.

On the demand side the impediments include missing information when implementing sustainable technologies, structural barriers, heterogeneity of the resource base, risk and a lack of clearly defined property rights. Missing information suggests that when using sustainable agriculture techniques farmers require detailed information on the farm characteristics (such as soil types, rainfall and temperature), and the interaction of inputs (fertilizers or pesticides). Structural barriers refer to the high fixed costs of adopting new technologies and are not always an impediment. Variations in the resource base for different locations can have a different effect on input requirements, yields, and farm profits. Adoption of any technology requires that the farmer assumes risk, but when the risk associated with sustainable agricultural techniques is greater than that associated with conventional technology farmers the conventional technology is adopted. When this results farmers may not recoup the profit and environmental gains from adopting sustainable technologies.

2. Gretton, P. and U Salma., “Land Degradation : Links to Agriculture Output and Profitability”, The Australian Journal of Agricultural and Resource Economics 41 (2) 1997:209-225.

The article by Gretton et al., (1997) is a static analysis of Australian farmers which identifies the links between agriculture production, farm profitability and land degradation. The first section of this paper is used to define land degradation. They commence by defining their interpretation of land degradation as “the decline in the biological productivity or usefulness of land resources in their predominant intended use……stemming from human activity”. The implication of this assumption is that human behavior is a key feature of dynamic adjustment in the soil’s biological productivity. Assuming that a piece of land has the characteristics that are ideal for agriculture, then it is possible for farmer behavior to have both favorable and unfavorable effects, and when unfavorable the land is degraded.

In Section 2 Gretton and Salma (1997) employ a very simple model to link the concept of land degradation to farm profitability, and this idea is graphically illustrated in Figure 1 below. Figure 1 contains two curves; total costs and total revenue. The total farm costs depend on effort and increase in proportion to the farm inputs; labor, capital, and other inputs. Total farm revenues are defined by output prices and yields, where yields are determined by effort and land degradation. Notice that as effort levels increase total revenues increase to the maximum value and then decline. The decline in farm revenues results from increased land degradation and so farmer profits decline. Figure 1 implies that in the short run or static framework to maximize profit the farmers should produce at Emax profit. Actually farmers gain positive profit when they operate anywhere between Emin and Eout. If farmers increase their effort levels significantly beyond the profit maximizing level of effort (Emax profit ) then land degradation results. But it is unlikely that farmers operate beyond Eout, and it is unprofitable to completely deplete the land of its resources.

Figure 1; Farm Profits, Total Revenue and Total Costs.


Data used to estimate the farmers profit function and the results of this estimation are presented in sections 3 and 4 of the paper. The general conclusions from this study are that as follows:

-
Land degradation has a direct impact on farm output and profitability so it is important factor in farm production.

-
Any policies that affect agricultural input prices and costs are likely to affect land use and degradation.

-
Results from this study for Australia show that in the medium run, increased production increases profits and land degradation. Though their “snapshot” study does not suggest that land degradation is sustainable in the future.

What does this analysis imply for the long-run sustainability of environmental resources in agricultural production systems? It is difficult to say. In the last two articles Burt (1981) and Kwansoo, et al., (2001) use dynamic approaches to model farming systems and address the impact of declines in soil quality on soil productivity.

3. Burt, O.R., “Farm Level Economics of Soil Conservation in the Palouse Area of the Northwest”, American Agricultural Economics Association, 63(1) 1981:84-92

Burt et al., (1981) conduct a dynamic analysis for six crop rotations in the wheat-pea area of Palouse, Idaho. They considered the impact of soil erosion on soil productivity and wheat yields, using total organic matter and the depth of topsoil to represent soil productivity. They estimate a dynamic optimization model to analyze the adjustments in farmer planting decisions subject to variations in soil quality. It is argued that soil erosion may significantly reduce soil quality, and the percentage of land planted to wheat acreage. The results from Burt et al., (1981) indicate that a decline in the total percentage of organic matter in the upper six inches of soil reduces the percentage of land in wheat production, for a given price of wheat. Furthermore for a $1 reduction in the price of wheat the optimal percentage of land planted to wheat decreases from 86 to 69. These results suggest that the majority of the farm is still planted to wheat and that the impact of organic matter is insignificant.

4. Kwansoo, K., B.L. Barham, and I. Coxhead., “Measuring Soil Quality Dynamics A Role for Economists, and Implications for Economic Analysis”, Agricultural Economics, 25 2001:13-26.

Kwansoo et al (2001) estimate a dynamic crop production function that contains the impact of soil productivity, and a state equation for the rate of change in soil productivity. 

Experimental data from a long-term study of input and yields, for legume-cereal rotations at the University of Wisconsin's Lancaster research station. Results from their model allow for estimation of the marginal product of chemical nitrogen and trajectories of soil quality recovery path for different crop rotations. What do these trajectories tell use about the impact of agriculture on environmental sustainability? The comparative static’s are very useful for addressing this question. Kwansoo et al (2001) generate a scenario of continuous corn cropping for five years and ten years, and then integrate alfalfa cultivation into the rotation. Through this technique they can examine the soil recovery time for different crop rotations. The impact of continuous corn rotations is to decrease both corn yields and soil quality however when alfalfa is integrated in the rotation corn yields and productivity rise (pp 34).
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