In the textbook case, each plant is assumed to be a risk neutral profit maximizing unit. Accordingly, in this case the profit function would be the following:
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Where 
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= expected profit
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P

= price of the good produced



Q = quantity produced



[image: image4.wmf]w

= hourly wage

WORKDAYS = number of days worked per month 

EMPLOY = number of employees per month 
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P

= price of tap water



OSE = tap water consumed per month, in m3
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P

 = price of underground water

PERFOR = underground water consumed per month, in m3




[image: image7.wmf]ELECTRIC

P

 = price of Kw/h



ELECTRIC = electric energy consumed per month, in Kw/h




[image: image8.wmf]FUEL

P

 = price of fuel oil/m3



FUEL = fuel consumption per month, in tons



E(Insp) = probability of inspection

BOD5 = Biological Oxygen Demand concentration of discharges , 

in mg/l 

STD = maximum concentration level of BOD5 per litter allowed by legislation

FINE(BOD5 – STD) = fine corresponding to the level of violation

This would be the profit function for the static case. In real life firms maximize the present value of future expected profits. To make things simpler I suppose that prices and quantities are known with certain for every period, except for inspections and fines. There exists a probability of being inspected in a given month and also an expected fine. The reason why the fine is “expected” and not instantaneous as in textbook cases is that in the real world fines are not applied instantly and automatically as stated in the legislation. This is not only because in real life the process of fining a plant takes time, but also it may be the consequence of several issues ranging from the present economic situation of the firm, as perceived by the regulators; the ability of the firm to litigate the penalty, etc. The point is that future fines are also not certain for the firm, either in time or amount. So when deciding how much to emit in a given period the firm must assign a present value to the future fines that may derive from the present level of chosen emissions. In this case the expected profit function would look like:
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where
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p

PVE


= present value of expected profit
n = relevant time horizon for plant manager

r = discount rate for plant manager
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In the case of water pollution in Uruguay fines are not set as a direct function of the extent of the violation. The law does not punish non-compliance with emission standards but punishes actions related to the maintenance and operation of the treatment plant (which supposedly result in emissions´ concentration levels above the standards). In the legislation, fines are set as an increasing function of the number of past offences of this type. As a result, fines can be modelled as a function of the past number of detected violations and compliance orders. Nevertheless, this is not automatic, as already said. 

The way fines are set is very subjective in practice. It depends not only on the number of times the plant was ordered to comply, or detected in violation, which are objective components of its compliance history, but also it depends on the subjective perceived level of cooperation from the part of the plant manager/owner by inspectors. This is made of incommensurable or unrecorded facts. An example is the following: sometimes inspectors are kept waiting at the plant entrance for more than half an hour, obviously the time needed to make some quick cleanings and other measures (like diluting) to comply with the emissions standards (this is more typical of small plants, with lesser time of effluents retention). Another example is the quickness to response to suggested changes. The Unit of Industrial Effluents does not keep record of these facts, obviously.

Given these facts I have decided to model fines not only as a function of the number of detected violations in the recent past but also as a function of the number of compliance orders, postponements and fine threats issued to the plant in the same period. 
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According to this equation a DV in a given month does not increase the probability of being fined in that month, but from the next month on. This formulation takes into account that the time consuming bureaucratic process of fining a firm. AQUÍ PUEDO PONER ESQUEMA DE MARISOL Y ALGO SIMILAR DE LA UEI.

I do not have the number of compliance orders issued by the municipal government of Montevideo (just those issued by the national government office, DINAMA), so I am assuming that the plant manager shows the same level of cooperation in both offices and that both offices uses similar rules of thumb to fine non-co-operators.
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is a residual term capturing all the events mentioned early (economic situation, bargaining power of the firm, etc.). I assume that 
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Taking this into account and substituting Q for the production function:
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is the total amount of energy consumed in the month, measured in MJ. 

The relevant Kuhn-Tucker condition would be:
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The left hand side of this equation is the marginal benefit of pollution (the value of the marginal product of pollution). The right hand side is the marginal cost of pollution (the present value of the future marginal expected fine).
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Simplifying, the equation to estimate would be:
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where 
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In order to complete the specification of my statistical model I add a plant specific effect and an error term that allow me to express the above Kuhn-Tucker condition as an equality and estimate it. 
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The estimation of this equation by fixed effects will give me estimates of 
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separately. Nevertheless, we can use that fact that if we average across all observations we obtain
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where we have used the restriction that 
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. This is an arbitrary restriction on the fixed effects to avoid the dummy variable trap or perfect multicollinearity. Also, if we average across time by cross section:
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Now 
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can be obtained by:
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And
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As it can be seen, with this formulation the level of BOD5 chosen today is not a direct function of Inspections, as it was modelled the papers in the literature. Of course, none of the previous papers derived an equation according to the theoretical behaviour of the plant. The rule seems to have been “pollution is a linear function of the variables you have information of (or transformations)”. This does not seem correct to me and was the motivation for deriving a “correct” equation.

Nevertheless BOD5,t is a function of 
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, parameters of the Inspections and Fine equation. Therefore, in order to say something about how inspections and fines affect BOD5,t I will need to estimate 
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from the Cobb-Douglas production function and subs-tract 
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from the estimated intercept term of the above equation. 
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The plant chooses an optimal emissions path in month 0, and assuming that no profit-maximizing plant-manager is going to emit at a level below the standard 
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, the condition characterizing the optimal level of emissions at month t will be the following:
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The right-hand side of this equation is given by the present value of future marginal penalties derived from the present decision on the level of emissions. The plant manager forecast future inspections and fines using only information up to time t. 

Taking logarithms at both sides of the inequality,
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Dividing by 
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Simplifying:
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where 
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For plants that comply, marginal benefits of pollution will be lower than marginal expected costs at the standard and the above equation will hold as equality. For plants that violate the standard the above condition will hold with an equal sign. Consequently, I may add a plant specific term (
[image: image52.wmf]m

) on the right-hand side of this condition to set it as equality and obtain the equation to estimate:
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Indexing plants the equation would be:
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with i denoting plants and t denoting month. 
[image: image55.wmf]t

i

,

u

are the remainder stochastic disturbances.

PINSP*PFINE can be interpreted as 
[image: image56.wmf])
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Effectively, if we think of PFINE as 
[image: image57.wmf])

/

(

INSP

FINE

P

, then

EMISSIONS AS BY-PRODUCT OF PRODUCTION (John’s notes)

If emissions are not considered as an input but a by-product of production according to h(x), what changes?

If hk(x)=
[image: image58.wmf]()/

k

hxx

¶¶

>0, then the input xk is a net input into production, and if hk(x)=
[image: image59.wmf]()/

k

hxx

¶¶

<0, then the input xk is a net input into pollution control.

La firma elige un q que maximiza beneficios (
[image: image60.wmf]-(, ,))

pqcqe

w

 dado 
[image: image61.wmf](, ,)

cqe

w

, es decir, minimizando 
[image: image62.wmf]wx

 sujeto a 
[image: image63.wmf]wx

 c.r.a. 
[image: image64.wmf]() y ()

qfeh

==

xx

. 
Lo que yo hice hasta ahora fue igualar VPMg(DBO) = CMg(DBO), cosa que sale de maximizar
[image: image65.wmf]()*

DBO

pfwPDBO

--

xx

, es decir , considerar a DBO como insumo. Pero la firma no demanda DBO. DBO es un “by-product”. Si yo considero el DBO como un by-product NO llego a VPMg(DBO)=CMg(DBO).


La firma no elige e para maximizar beneficios sino que elige e para minimizar costos de abatimiento 
[image: image66.wmf](
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(en competencia perfecta) sujeto a una multa esperada.

Entonces, lo que determina exógenamente a e es 
[image: image67.wmf](
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.

Claro que puedo trabajar con la 
[image: image68.wmf](, ,)
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 y hablar de costso marginales de abatimiento sujeto a un q determinado. De esta forma, dado que quiere producir q va a elegir e / 
[image: image69.wmf](, ,)*'()

e

cqepinspfes

=-

w

. ¿Cuál es la diferencia con elegir e para minimizar costos marginales de abatimiento? Ninguna si suponemos que 
[image: image70.wmf]*

(, p,)

qqeq

==

w

. Trabajando con esta función puedo suponer que 
[image: image71.wmf]*

qq

¹

. Esto puede suceder porque en realidad la firma hace un plan de acuerdo a un w esperado, un p esperado, y un e  esperado pero éstos pueden cambiar. e  puede cambiar porque te inspeccionaron. De todas maneras, sea un e  esperado o un e determinado lo cierto es que aún si supongo que e  es un sub-producto de q,  e  me determina q => 
[image: image72.wmf](, p,)

qqe

=

w

.
Podría usar un insumo (Energy) como instrumento de q pero Energy también esta determinado por e: 
[image: image73.wmf](,,)

qe

xw

.

Entonces no hay vuelta. La macana de suponer e como un sub-producto de q es que e es un parámetro del modelo y determina a todas las variables. Si voy a hacer depender a e de q incluyo los insumos y tengo endogeneidad. Por lo que o incluyo insumo y chau (tengo endogeneidad y multicolinealidad) o para explicar e me voy a otro problema (minimizar CA) y ver cuáles son los parámetros allí.
¿Tengo que usar 
[image: image74.wmf](
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?

La variación de w  entre firmas es nula. A lo largo del tiempo, casi.
P: no varía entre firmas de una misma rama pero sin embargo
[image: image75.wmf]i

q

puede ser muy diferente. ¿Cómo se determina p en el INE? Es un índice de productos nacionales que tiene como destino el mercado interno. Tengo que sacarlo de la regresión.
Es decir, 
· LOGARITHMS OR NOT
 Logarithms come out for the Cobb-Douglas assumption. Correlation between BOD5 and LABOR is greater in logarithms (Why?). In logarithms 
� Fines are not the only penalties for not complying. They can also “shut down” the plant for a period. This is true, of course but: (a) they do not have records of this actions; (b) they were as rare as the fines itself.


� Collinearity may be present in this equation because compliance orders may follow inspections, postponements may follow compliance orders and fine threats may follow postponements and compliance orders. Nevertheless I am not interested in the individual parameters of this equation, in particular.





� In the theoretical static case the condition is typically that marginal abatement cost must be less or equal than marginal expected penalties. Here I set marginal abatement costs equal to marginal expected penalties. In other words, I characterize the solution as interior. 


� In fact several plants were over-compliant. This could be explained by three reasons. First, the plants have to adopt an effluent treatment technology capable of making their emissions comply with the standards at the maximum production capacity. Therefore, when the plant is operating below maximum capacity and the treatment plant is operated properly it is very probable to be over-complying. Second, it is possible that plants invest in treatment plants in excess of their needs to take into account its depreciation. Such an investment strategy in abatement technology would make industrial plants to over-comply in the periods immediately after the construction of the treatment plant. Third, the level of BOD5 reported by plants is not the monthly average based on continuous sampling but the result of point-in-time sample. 


� Since� EMBED Equation.3  ���is the coefficient of the input pollution in the assumed Cobb-Douglas production function, � EMBED Equation.3  ���is assumed to be negative (0<� EMBED Equation.3  ���<1, is assumed).
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