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PUBLIC CHOICES OF PRODUCTION TECHNOLOGIES WHICH DEAL WITH 

NON-EMBODIED AGRICULTURAL EXTERNALITIES 

This section of the symposium is to be concerned with the public choice 

of production technologies to deal with the externalities caused by agricultural 

production, but not embodied in the output, itself. I took this charge to mean, 

also, only negative externalities. I'd like to categorize these types of 

externalities into two groups: first, the externalities that affect the 

environment or human he~lth in the present and second, those which cause some 

type of intertemporal market failure. Obviously, this is an artificial 

categorization, but I hope it wi 11 serve to make cl ear a few points at the 

conclusion of these remarks. 

I'd like to begin by discussing environmental and health risks caused by 

agricultural production. It is useful for our purposes to look at these types 

of externalities using a model proposed by Spear. This conceptual construct 

allows us to break up the health risk generating process into its fundamental 

components: 

r = f 1 (B1 ,Z)f2B2 )f3 (83 ) 

where: r is the probability of suffering from a negative health condition 

resulting from the pollution, 

f 1 {B1 ,Z) is a function relating farmer activity to the contamination (z) 

and any contamination contrcil activity at the affected site (B 1), 

f 2 (B2 )f1 (81 ,Z) is the affected individual's exposure to the toxic material 

and f 2 (82 ) is the exposure coefficient, dependent on the individual's 

contamination avoidance (averting) behavior, and 
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f 3 (83 ) is a dose-response relationship relating the exposure level to the 

health risk. 
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Contamination Exposure and Dose- Health 
and Adverting Response Risk 

Damage Control Behavior 

Note the interdependencies this construct reveals. The first two of these 

functions can be affected by technologies to reduce the health risk involved. 

The third is the driving force. 

Let's take the case of pesticide drift as an example. Incidentally, an 

article appeared in the paper recently about a large potato farm in central Maine 

that was using· aerial spraying techniques to apply pesticides. The farm is 

fairly isolated and not close to any settlements, so this procedure went on 

without objection for quite a while. One day, though, the pilot of the 

helicopter used for this aerial spraying accidentally pressed the spray button 

a bit early and managed to spray the house and property of a Maine state 

policeman. Needless to say, other technologies were employed rather quickly 

after that. 

Production technplogies available. to the farmer to reduce pesticide drift 

and, therefore the hea 1th risk, are varied. Rope wick or reci rcul at i ng sprayers, 

biological or mechanical controls as a substitute insect control technology, 

spraying only on suitable days, and less toxic pesticides are examples. There 

also are techniques available to reduce the health risk at the second level of 

2 



our model: masks and protective clothing and the posting of the areas where 

spraying is underway are two examples. 

The third function f3 (B3 ) drives the development and choice of technologies 

in the first two stages. If the dose-response relationship is known and 

indicates significant health risks, then technologies are likely to be developed 

to lessen the risk. If the dose-response relationship is unknown, however, then 

the uncertainty about the health risk can also create a demand for the 

development of the same technologies and, further, for technologies which tend 

to reduce the probability of health risk toward zero. An example is the banning 

of certain pesticides based on very incomplete information on the dose-response 

relationship. 

The development and choice of technologies in the first two stages are not 

independent of each other, and both depend on the knowledge of or uncertainty 

about the third stage relationship. In some cases, it might be less costly to 

concentrate on technologies which intervene in the process at the second stage, 

rather than the first. In any case, social welfare is more likely to be 

maximized if the interdependence of these different stages in the production of 

health or envirorimental risks are taken into account. 

Lichtenberg and Zilberman incorporate these interdependencies in a safety 

rule approach to the problem of environmental health risks generated by a 

production process. Briefly, their model is the following: 

3 
max U(Y) - }; wb1B1 - wxX - wkK 

i=l 

subject to: prob [ (r<=R) >= 1-a], and · 

r = f 1 (B1 ,Z)f2 (B2 )f3B3 ) 
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where: U(y) is the utility (U) generated by output (Y), 

3 
~ wb181 is the total cost of health risk reduction activities, 

i-1 

wxX is the variable input cost, and 

wkK is the cost of fixed asset use. 

The first constraint in this model limits health risk below a threshold level 

R with probability a, and the second constraint is the health risk generation 

function described previotisly. By changing r, the model can generate a trade

off curve between market welfare and an upper bound on hea 1th risk, not be 

exceeded with significance level a. Without going into any more detail about 

this model , suffice it to say that their results demonstrate the va 1 ue of 

research that reduces uncertainty about f 3 (B3 ) and calls for ·expanded research 

on the entire health risk generation process. 

Now I'd like to talk about the externalities causing some intertemporal 

problems. Soil erosion and groundwater depletion are two salient examples of 

these, but there are others. For both of these examples, fairly sophisticated 

production technologies and allocation schemes have evolved through public and 

private efforts. Some interesting external effects have also become apparent 

with regard to the technologies, themselves~ 

Take the example of soil erosion. We call the soil saving techniques that 

have been developed to deal with this probl~m c·onservation (or minimum) till.age. 

This technique, which leaves as much of the soil undisturbed and as much of the 

previous crop residue on the field as practicable, may be responsible, in some 

cases, for iubstituting an intertemporal ·externality for a more immediate health 

risk. Conservation t il 1 age restricts weed control to ·methods other than 
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cultivation and, therefore, may be responsible for increased pestici,des in the 

groundwater in some areas. The increased crop residue may harbor more insects, 

as well, creating the same potential groundwater problem. At least this is the 

current speculation, although research into this link is not yet complete. 

Marra and Carlson found that, with increased familiarity with conservation 

tillage over time, soybean farmers tended to reduce the initial increase in 

pesticide use. Less uncertainty about the technology may, therefore, alleviate 

the trading of one exte:nality for another. 

The two common threads running through this discussion are interdependency 

and uncertainty. I dent i fi cation of the interdependencies and the resulting 

tradeoffs seems to me to be a valuable contribution we can make as agricultural 

economists. Both farmers and the affected parties are subject to uncertainties 

about agricultural externalities and the technologies which evolve to deal with 

them. More information about the uncertain relationships involved in the 

externality generation and pollution abatement processes will likely have net 

social benefits. We are still at the stage of huge marginal value products for 

new information about these relationships and their interdependencies. Until 

we have more information, public choice of technologies is likely to tend toward 

those which may achieve "more than optimal" externality control. 
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