l_’__l
TILBURG & %}?ﬁ ¢ UNIVERSITY
l\;’fl

Tilburg University

Optimal taxation for the reduction of nitrogen surplus in Dutch dairy farms, 1975 to
1989

Magnus, J.R.; Fontein, P.F.; Thijssen, G.J.; Dijk, J.

Published in:
Modelling Change in Integrated Economic and Environmental Systems

Publication date:
1999

Link to publication in Tilburg University Research Portal

Citation for published version (APA):

Magnus, J. R., Fontein, P. F., Thijssen, G. J., & Dijk, J. (1999). Optimal taxation for the reduction of nitrogen
surplus in Dutch dairy farms, 1975 to 1989. In S. Mahendrarajah, A. J. Jakeman, & M. J. McAleer (Eds.),
Modelling Change in Integrated Economic and Environmental Systems (pp. 273-296). John Wiley & Sons Ltd.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 13. Jan. 2022


https://research.tilburguniversity.edu/en/publications/570ae6fd-c394-4815-89ea-5a442dca5481

CHAPTER 12

Optimal Taxation for the Reduction of
Nitrogen Surplus in Dutch Dairy Farms,

1975-1989

PETER F. FONTEIN, GEERT J. THIJSSEN, JAN R. MAGNUS
AND JAN DIIK

12.1 INTRODUCTION

Rapid increases in livestock production in the Netherlands have changed manure from
a valuable input into a mere waste. This is especially true for the specialised pig and
poultry farms. But dairy farms also apply manure to land in such large quantities that
huge amounts of minerals, such as nitrogen and phosphate, have leached into the
environment, causing serious environmental problems. Since the introduction of the
milk quota system in 1984 in the EC the adverse environmental effects from the dairy
sector are decreasing. However the intensity of production is still high, resulting in
high levels of use of purchased feed and fertiliser.

Since 1984 the Dutch government has formulated policy measures to reduce the
harmful effects of the production and application of manure. For the dairy farming
sector the measures that have been taken by the government amount to the prevent-
ing of any increase in the number of animals, the introduction of maximum appli-
cation levels of manure, the obligation to remove the manure surplus from the farm,
and to apply the manure in such a way that the ammonia emission is drastically
reduced.

Recently, economic instruments like levies on feed and on mineral surpluses have
been considered by the Dutch government. As demonstrated by Baumol and Oates
(1988), economic instruments can in theory achieve policy targets, such as emission
levels, at lower total resource costs than uniform regulation. The farmer can then
choose how he will react to the levy. He can pay the levy, he can reduce the number of
animals, he can adapt the feed to influence the nutrient content of the manure, he can
build pig houses with a low emission of ammonia, he can spread the manure in a low
emission way, he can grow crops that take up large amounts of nutrients from the soil,
he can apply manure at such a time that leaching is minimised, etc. Levies permit
flexibility in the amount of pollution reduction achieved by each farmer, allowing
polluters with low abatement costs per emitted unit to reduce emissions to a greater
degree than polluters with high abatement costs per emitted unit.
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To implement a system with levies on nitrogen and phosphate surpluses, a mineral
account has to be kept by the farmer. This requires a complete registration of all
inputs (feed, fertiliser, manure, piglets, etc.) and outputs (meat, manure, crops, eggs,
ete.) from which the surpluses can be calculated. Imposition of a levy on inputs (e.g.
feed, fertiliser) or outputs may be much easier to implement than a levy on the
surpluses but has the disadvantage that parts of the input that are not harmful to the
environment are also levied. However, by the introduction of threshold values for
inputs the “polluter pays” principle can roughly be obtained.

In this chapter the effects of a levy on feed and a levy on the nitrogen surplus at
farm level are studied using an econometric approach, applied to data from Dutch
dairy farms over the period 1975-89. To this end two bad outputs are included in the
production model: nitrogen from animal excretion and nitrogen from fertiliser. Also
the restriction on the output of milk in a subperiod of the data, due to the imposition
of milk quota, is taken into account. Using duality theory, the optimising behaviour
of farmers constrained by technology is represented by a short-run profit function.
The bad outputs and the restricted output are treated as quasi-fixed in this function.
The consequences of levies are derived, assuming optimal use of the bad outputs in the
long term.

In section 12.2 we describe the Dutch dairy sector, the manure problem which
the sector faces, and the manure policy of the government. In section 12.3 we put the
behaviour of the dairy farmers into a general theoretical framework. The data we
use for estimation and simulation purposes are subsequently described in section 12.4.
The embedding of the model into a stochastic framework is treated in section 12.5.1.
The estimation results are presented in section 12.5.2. Simulating the behaviour of the
dairy farms with the aid of these estimation results is the next step, presented in
section 12.6. Finally, in section 12.7 the main findings of this chapter are summarised.

12.2 THE DUTCH DAIRY SECTOR AND THE MANURE PROBLEM

Milk production takes place on more than 40 000 farms in the Netherlands. The
majority of these farms specialise in dairy farming. In 1992, 1.8 million dairy cows
were kept, so that the average size of a Dutch farm is about 45 cows. In 1984 milk
quotas were introduced, not allowing a farmer to sell more milk than he sold in the
year 1983. Since 1984 the number of dairy cows in the Netherlands has been reduced
by more than 20%. This is the result of increasing milk production per-cow and a
decreasing volume of the milk quota.

The Dutch dairy sector has a rather intensive character. In the first part of the 1980s
almost two cows per hectare of feedcrops and grassland were kept, besides 1.5 young
stock. Since the introduction of the milk quota, the intensity of production has been
considerably reduced, but is still rather high, resulting in relatively high levels of input
and output. The butterfat content of the milk production per cow increased between
1970 and 1990 by 2% per year (CBS/LEI-DLO, Landbowwcijfers). The factors behind
this production growth per cow are, among others, the breeding policy, higher levels
of concentrate use, higher levels of fertiliser use, better grassland management and the
switch to cubicle houses. Table 12.1 gives an overview of the growth in the use of two
important inputs in the production process, concentrates and nitrogen fertiliser.
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Table 12.1 Use of concentrates (kg per dairy cow) on
large dairy farms on sandy soils and use of nitrogen
fertiliser (kg per hectare of grassland) on dairy farms

Year Concentrates Nitrogen fertiliser
1965 1.055 159
1970 1.220 200
1975 1.900 256
1980 2.160 320
1985 2.335 343
1990 2.140 294

Sources: LEI, Bedrijfsuitkomsten in de Landbouw (various issues),
CBS/LEI-DLO, Landbowwcijfers (various issues).

Both the use of concentrates per dairy cow and the use of nitrogen fertiliser doubled
in a period of 25 years. Since the introduction of the milk quota there has been a
tendency for a lower use of inputs per cow and per hectare. Due to a reduction in the
number of cows per hectare, the use of concentrates per hectare has decreased by one-
third.

The relatively large number of cows per hectare implies a large production of
manure per hectare. Together with the high level of fertiliser use this leads to the
application of large amounts of phosphate and nitrogen to the soil. Part of the
phosphate and nitrogen is taken up by the plants, but a large part of these nutrients is
lost to the environment. Despite the declining trend in the use of inputs in the
production process of the dairy sector, the surpluses of nitrogen and phosphate that
are lost to the environment are still too high. In 1990 the average nitrogen surplus
(supply in the form of inputs minus removal in the form of outputs) on specialised
dairy farms was about 400 kg of nitrogen per hectare (Poppe et al. 1994). The
phosphate surplus was about 30 kg of phosphate per hectare. Only 20% of the
nitrogen and only 40% of the phosphate that is supplied to the farm — mainly in the
form of fertiliser and concentrates — is taken up by the crops.

Figure 12.1 gives an illustration of the flows of nitrogen through a farm and of the
corresponding losses to the environment.

In the upper part of Figure 12.1 the animal production part of the farm is depicted.
In the lower part the plant production part is shown. An amount of 194 kg nitrogen
per hectare enters the farm in the form of purchased feed. Together with the 311 kg
nitrogen per hectare that is included in the feed (mainly grass) produced on the farm,
this is fed to the cows. Only 95 kg of nitrogen is transformed into animal products
(milk, meat). The rest is excreted by the cows as manure. A small part of* the manure
vanishes into the air after transformation into ammonia. The remaining part (372 kg
nitrogen per hectare) is applied to the crops (grass and maize). Together with the
307 kg of nitrogen in the form of chemical fertiliser and the deposition from the air
of 49 kg, the total load of nitrogen amounts to 728 kg of nitrogen per hectare. From
this amount 324 kg is taken up by the crops. The remaining 404 kg is lost to the
environment, either to the air or to the soil and the ground and surface water.

Table 12.2 presents the nutrient flows in the form of a so-called nutrient balance or
mineral balance at farm level.
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Figure 12.1 Average nitrogen flows on specialised dairy farms in the province of Gelderland in
1988 (kg nitrogen per hectare). Source; Van der Veen et al. (1993)

Table 12.2 Average nitrogen balance on specialised dairy farms in
the province of Gelderland in 1988 (kg nitrogen per hectare)

Inputs Outputs

Purchased feed 194 Milk, meat 95
Chemical fertiliser 307 Marketed crops 13
Deposition (acid rain) 49 Surplus 442
Total 550 550

Source: Van der Veen et al. (1993).

The excess supply of nutrients to the soil causes large environmental problems.
Nitrate and phosphate leaching from the soil affect the quality of the groundwater
negatively. The emission of ammonia (NH3) from stables and from manure spreading
leads to acidification.

Since about 1985 the Dutch government has been working on the formulation and
implementation of policies that lead to a reduction in the emission of nutrients from
agriculture to the environment. One of the first measures that were taken was the fixing
of the size of the livestock at farm level at 1986 levels. Furthermore, the application
levels of phosphate from manure have been regulated. In four phases the maximum
amount of phosphate per hectare that a farmer is allowed to apply to his crops, will be
brought back to the level at which the application levels are in equilibrium with crop
extraction (Table 12.3).

A farm with a surplus of phosphate can transport it to other farms or export it. A
lot of intensive livestock farmers have large surpluses because they have only a small
piece of land. Among the dairy farmers there are only a small fraction who have to



TAXATION FOR THE REDUCTION OF NITROGEN SURPLUS 277

Table 12.3 Maximum application levels of phosphate by crop (kg per

hectare)
Crop Year
1986 1991 1995 2000*
Arable crops 125 125 110 65
Grass 250 200 150 85
Fodder maize 350 250 110 65

* Crop extraction levels (estimates); the exact levels still have to be decided on.
Source: LNV (1993).

remove manure from the farm. A dairy cow produces 41 kg of phosphate a year. This
means that only for farms with a very large number of cows per hectare is the
phosphate legislation restrictive.

With the tightening of the phosphate norms in the near future (65 kg per hectare for
arable land and 85 kg per hectare for grassland), more dairy farms will be confronted
with the norms. When a farmer has to transport a part of the manure to other (arable)
farmers, he incurs costs for transport and for the acceptance of the manure by the
other farmer. The removal of the manure of one cow will cost about 400 guilders. This
is a large amount of money compared to the average labour return per dairy cow
which amounted to some 500 or 800 guilders in the period 1970-90 (LEI, Bedrijf-
suitkomsten in de Landbouw (BUL), various issues).

In 1994 at the national level there is still room for extra application of manure,
given the present standards. But not every farmer with a phosphate “‘shortage” is
willing to accept the manure from surplus farms, even if he is paid for it. Towards
the year 2000 when phosphate from chemical fertilisers is also taken into account
in the legal standards and when the standards become tighter, other solutions should
be found for the surpluses of phosphate. A reduction in the size of the livestock,
adaptation of the mineral content of the feed, and processing and exporting of manure
are some possibilities.

At the moment there are no restrictions on the amount of nitrogen per hectare that
is supplied to crops. However, there are some legal restrictions with respect to the
period and the way in which the manure is spread, and to the storage of manure.
These restrictions are directed at the reduction of the emission of ammonia and the
leaching of nitrate. They came into effect in the second half of the 1980s and led to an
improvement in the uptake by the crop of the nutrients that are available in the
manure. However, the application level of nitrogen fertiliser is not yet bound to a
maximum level. As can be seen from Table 12.1 most farmers have already reduced
the application of nitrogen fertiliser, partly because of the effect of the milk quota and
partly because of the improved effectiveness of the nitrogen in the manure.

Whereas in the 1980s the emphasis in government policy was on physical regulation
(e.g. application standards), graduvally more economic instruments (e.g. levies on
surpluses) have been taken into consideration. The Dutch government prepared
legislation for the introduction of levies on mineral surpluses in the second half of the
1990s. Farmers are now obliged to keep mineral accounts at farm levels, comparable
with fiscal accounts. A farmer will thus have more flexibility to choose his own way of
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reducing mineral surpluses. The amount of the levy will determine to what extent
changes in the production process will be made. A balance will be sought between the
extra costs of paying the levy and the extra costs (or lower revenues) that result from
realising smaller mineral surpluses.

Because a lot of effort is needed to prevent fraud with mineral accounts, an
alternative may be the introduction of levies on feed or fertiliser. But it is expected
that relatively large levies are needed because the costs of feed and fertiliser are only a
small part of the total input costs. More than 50% of the total costs (more than 13 000
guilders per hectare) are related to the (quasi) fixed production factors, labour,
machinery, land and buildings, The purchases of feed are about 2000 guilders per
hectare. The costs of fertiliser are about 500 guilders per hectare, that is less than 5%
of the total costs. The revenues in the dairy sector (more than 11 000 guilders per
hectare in 1990) consist for some 75--80% of the revenues from milk. The sale of cattle
and (fodder) crops constitute the remaining part.

123 THEORY

The theoretical framework of this chapter is the neoclassical production theory. This
theory is very well known (e.g. Varian 1992). Also the inclusion of restricted outputs is
standard (e.g. Moschini 1988; Helming et al. 1993). Attention will be focused on a
rather new element: the incorporation of a bad output in the production theory (see
also Fontein et al. 1994).

It is assumed that the objective of the farm family is the maximisation of short-run
profit and that the farm family is a price-taker in the output and variable input markets.
The following notation is used for quantities and prices of inputs and outputs. For the
inputs, we distinguish between variable inputs (quantities x, prices p) and fixed inputs
(quantities z). The state of technology is included in z in order to simplify the notation.
For the outputs, we distinguish between one unrestricted output (quantity ¢, price p,),
restricted outputs (quantities g, prices pg) and bad outputs (quantities s).

Without loss of generality we set p; = 1, that is, all prices and values are relative to
the price of the unrestricted output. The farms are thus in static equilibrium with
respect to the unrestricted output ¢, and the variable inputs x. This equilibrium
depends, of course, on the level of the fixed inputs z and the restricted outputs go. The
production function for the unrestricted output ¢, will depend not only on all inputs
(x and z) and restricted outputs ¢y, but will also include the quantity of waste
discharged (the bad outputs s). This is standard in the theory of envirommental
economics, see e.g. Baumol and Oates (1988).

Profit, normalised by the unrestricted output price, is maximised by the farmer,
subject to a production technology governing the relationship between variable inputs,
fixed inputs, restricted outputs, bad outputs and unrestricted output. Thus

TP, Z, qo, 5) = qlvla\_x'(ql - ' x) (N
subject to
QI = ql(x> Z, q(): S) (2)

where 7 is the profit function normalised by the unrestricted output price.
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According to duality theory, the optimising behaviour of farmers constrained by
technology can equivalently be represented by the profit function «, given in equation
(1). If the profit function satisfies certain regularity conditions, it is dual to the
production function and its parameters contain sufficient information to describe the
farm’s production technology at profit-maximising points in the set of production
possibilities. Testable conditions of regularity are: the profit function is decreasing in
the price of the inputs; increasing in the price of the output; convex in all prices;
linearly homogeneous in prices; increasing in the fixed inputs; decreasing and concave
in the restricted outputs; and increasing and concave in the bad outputs. The profit
function is normalised by the price of the unrestricted output, to ensure that the
resulting function is homogeneous of degree zero in prices.

For the empirical analysis, a flexible functional form is used for the profit function,
in this case, the quadratic (Lau 1978). The advantages of the quadratic functional
form are: (i) it has a Hessian of constants so that the curvature property of convexity
in prices and concavity in bad outputs can be tested globally; (ii) explicit forms can be
obtained for the demand functions for the variable inputs, the supply function for the
farm outputs, and the supply functions for the bad outputs; and (iii} negative profits
are allowed. The normalised profit function is written as

T= gt ap+ fz+ s+ g+ Vap'dp + Y2z'Bz + Yas'Cs
+ YaqoDqo + p'Ez + p'Fs + p'Gqg + z'Hs + 2'Kqo + s'Lgg 3

where g is a parameter; «, 3, vy, € are vectors of parameters; 4, B, C, D, E, F, G, H,
K, L are matrices of parameters, and 4, B, C and D are symmetric.

Demand functions for the variable inputs can be obtained by differentiating the
profit function with respect to the normalised prices p (Hotelling’s lemma):

x=-0n/0p=—-a-—- Ap - Ez — Fs — Gqy 4

The unrestricted output supply function is, using the definition of the normalised
profit (m = ¢, - p'x),

g1 = ap + f'z + +'s + g'qo ~ Vap'dp + Y2z'Bz + Yas'Cs
+ VaqoDqo + z'Hs + z'Kqo + s'Lqo 5

It is possible that the “restricted outputs™ are restricted only in a subperiod of the
data. This happens in our case where the “restricted output™ is milk. In the period
when the “restricted outputs” ¢q are, in fact, not restricted, we define total profit as

™ =7+ pogo (©)
Then, setting marginal total profit with respect to gy equal to zero, we obtain

0= 0r*ldgy = OmlBgy + po =€ + Dgg + G'p + K'z + L's + pg Q)
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from which supply functions for g, are obtained as
go=—-DV[py+e+ Gp+ K'z+ L] (8)

The model then consists of equations (3)—(5) and, for the subperiod that milk is not
restricted, (8).

The consequences of a levy on the variable inputs in the short run can be calculated
straightforwardly by using equations (3)-(5). In the short run it is assumed that the
quantities of the bad outputs are fixed. In the long run it is assumed that the quantities
of the bad outputs are variable, while the quantities of the fixed inputs remain fixed.
The distinction between short-run and long-run responses is thus drawn on the basis
of changes in the bad outputs. The bad outputs cannot be altered instantaneously and
are in a way to be considered as intermediate between an unrestricted and a restricted
output. To the policy-makers only the long-run responses are of interest. Using the
profit function (equation (3)) we derive the shadow prices of the bad outputs as

r=0nlds =~ + F'p+ H'z+ Lgy + Cs 9

where r is a vector of shadow prices of the bad outputs. The relation between the
shadow price of the bad output and the bad output itself is negative, because of the
assumption that the profit function is concave in the bad output. The relation is linear
because of the assumed quadratic form of the profit function.

Using equation (9) the consequences of a levy on a bad output in the long run can be
calculated. This is illustrated graphically by Figure 12.2. Assume for example that the
actual situation for a farm is given by point A. The amount of the bad output is equal
to s; and the related shadow price is equal to r,. Assume that from an environmental
point of view a quantity of waste discharged equal to s5 is just acceptable. The related
shadow price at point B is r3. The surplus of the bad output on the farm is equal to
Si — s3. Now, we analyse a levy of 5 — r on the bad output. When the farmer decides
to stay at point A, he will not be confronted by a decrease in the profit but he has to pay
levies equal to (12 ~ r1)*(s; — $3). The sum of his profit loss and the paid levies at point A
are equal to the area AJID. When the farmer decides to reduce production of the bad
output according to the environmentally acceptable standard, he moves from point A
to point B. His profit will decrease by the area ABD, but he is not due to pay levies. We
take into account that the costs to produce the bad output will also decline (area
ADFH). The sum of his profit loss and the paid levies at point B are equal to area
ABD. When the farmer is a profit maximiser he will decrease the amount of the bad
output in the long run by s; — s3. At point C the shadow price of the bad output is equal
to the levy plus the shadow price in the original situation. His profit loss is equal to area
ACE. He also has to pay levies (ry — r1)*(s2 — s3). The sum of his profit loss and the paid
levies are equal to area ACID. As can be seen from Figure 12.2, the sum of the profit
loss and the paid levies are lowest at point C, Because of this change in the bad output,
the demand for the variable inputs and the supply of the output will also change, see
equations (4) and (5).

The consequences of a levy on the variable inputs in the long run can also be
calculated. The same line of reasoning is used as in the literature when a quasi-fixed
input is involved, see e.g. Brown and Christensen (1981). A levy on the variable inputs
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Figure 12.2 The relation between the shadow price and the bad output

results in a price change in the variable inputs. The effects of this price change on the
bad outputs can be calculated by rewriting equation (9) as

s=CWYr—-—v—-Fp-Hz- Lqp) (10
The change in the bad outputs results in a change in the variable inputs, see equation
(4).

The effects of a levy on the variable inputs and the bad outputs can be calculated by
simulations of the model. However, to get an insight into the working of the model,
elasticities can also be used. We will calculate short-run price elasticities, long-run
price elasticities, and shadow prices with respect to the fixed inputs, the restricted

outputs and the bad outputs.
The short-run (SR) responses of the variable inputs are given by

(Ox10p)sy = —A4 (1)
The short-run responses of the farm output are given by
(Oq1/0p)se = —Ap (12)

The shadow prices of the fixed inputs and the restricted outputs are calculated
straightforwardly using the profit function:

Omldz = B+ E'p + Bz + Hs + Kgy (13)

Onldgy =€ + Dgy + G'p + K'z + L's  (14)
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The long-run (LR) responses of the variable inputs and the bad outputs can be
calculated from equations (4) and (10):

(04‘:/81))11‘ = (a-X/ap)sr + (aX/aS)sr (8S/Bp)lr

=— A+ FC1F (15)
(BslBpyy = - C1 F (16)
(Ox/0F), = (Ox108)r (Os/OF),

=-FC! (17
(BslBry, = C! (18)

124 DATA

This study is based on data of Dutch farms obtained by the Landbouw Economisch
Instituut (Agricultural Economics Research Institute (LEI-DLO)). This institute
collects yearly data on about 1000 farms. These farmers are allowed to take part for
up to seven years in a rotating panel, though some exit earlier. So the survey is an
unbalanced panel. Furthermore, only farms over a certain size (measured in standard
value added) are included. As a threshold value we took half the size per labourer on
large efficient farms. Despite the fact that in this way almost one-third of the farmers
are excluded, only 5-10% of agricultural production is left out.

The data used span the period 1975-89 and consist of about 15 000 observations.
Of these observations 1% was corrected in one way or another. There were some
observations where only quantities but no values were recorded. In this case the
missing values were estimated based on an average price for that kind of farm and the
relevant year. Observations with negative quantities which clearly should be positive
or observations with obvious errors caused by erroneous data entry were deleted from
the sample. Furthermore, as this study deals with dairy farms, only farms are selected
from the survey for which over two-thirds of the standardised value added contributes
to this specific sector. This results in data on 7392 dairy farms for estimation purposes.

Two variable inputs (feed and other inputs) and one variable output are included in
the profit function. Prices of these are determined by calculation of a Térnqvist index
(Deaton and Muellbauer [980) from recorded quantities and product specific prices.
The Térnqvist index for farm F, Pg, is defined as

log(PR) =Y Yalwkr + w}) log(pk/pl)
k

with wir and w{ the budget share of good k with price p and p{ in the period of
interest and the reference period respectively. The share wj is an average over the
reference period. The resulting indices Pg are averaged to obtain one index P. The
product-specific prices are obtained from the Dutch Central Bureau of Statistics (CBS)
[CBS/LEI-DLO].



TAXATION FOR THE REDUCTION OF NITROGEN SURPLUS 283

The variable input feed consists of feed for cattle (both power feed and roughage),
feed for fattening pigs, feed for breeding sows, feed for laying hens, feed for broilers
and feed for [attening calves. Of these only bought feed is considered, not feed
produced by the farmer himself, Feed for cattle is by far the most important of these.
Almost 80% of the value of the input is accounted for by this feed, the remainder
consists almost entirely of feed for pigs.

The variable inputs of energy, hired labour, pesticides, the cost of the prevention
and cure of diseases, a category of non-specified costs, and the cost of inputs for crop
growth (except fertiliser) are collected into one category: other inputs. The main
components of this group are non-specified costs (50%), hired labour (35%) and the
prevention and cure of diseases (10%).

The variable output consists of cows, calves, fattening calves, sows, pigs for [atten-
ing, pigs for consumption, laying hens, broilers, horses, sheep, eggs, the output of crop
growth and a remaining group of non-specified revenues. Except for eggs, prices of
animal output are obtained from our data, not from CBS data. The prices of the
output eggs and the output of crop growth are obtained from the CBS. Again a few
components dominate — cows and calves (50%), and pigs for fattening (over 25%). The
output of crop growth is the next largest with a contribution of only 5%. We will
sometimes refer to the variable output as meat.

Profit is determined by the difference in the value of the above-mentioned variable
output and the variable inputs. Of course normalisations by the price of the variable
output are carried out in our calculations as described in section 12.3. Note that the
revenues of milk are not included in this definition of profit because milk is a restricted
output for reasons mentioned in section 12.2.

As for the inclusion of the bad output(s) several possibilities arise. Though both
nitrogen and phosphorus (among other constituents) are bad outputs, the composition
of manure is rather constant over time. In other words the nitrogen and phosphorous
content of manure are highly correlated. Here only the nitrogen content is chosen to
be included as a bad output in order to avoid collinearity problems in the estimation
process. The same holds for fertiliser. We included only the nitrogen content of
fertiliser, and not the phosphorous content. Note that we treat nitrogen in fertiliser as
a fixed input. We do this because application of fertiliser is partly determined by
habits formed by the farmer. Its use is thus not completely optimised and a treatment
as a variable input can lead to its own price elasticities with a wrong sign, see also
section 12.5.2.

The fixed inputs are labour, machinery and buildings, and land. Labour is taken in
years, land in hectares. For machinery and buildings a Térnqvist index is calculated,
based on separate price indices for buildings and machinery obtained from the CBS
(CBS/LEI-DLO). A quantity is then determined and implemented as the fixed input by
division of the value by the Térnqgvist index. A technology change is allowed for by the
inclusion of a time variable. This time variable is the year minus 1975 and is treated in
the equations as if it were a fixed input, Milk is a restricted output, taken in litres.

The calculated Térngvist indices for the variable inputs, variable output, milk and
the fixed input buildings and machinery are tabulated in Table 12.4. A steady increase
in the price of buildings and machinery has occurred over time. The price of feed,
though varying over time, is in 1989 equal to the level of 1975. Other inputs, the
output and milk have all become more expensive.



284

POLLUTION EXTERNALITIES

Table 12.4 Toérnqvist price indices for the variable input feed and other inputs, the
variable output and the fixed input buildings and machinery. In addition the price of
milk is included. All are presented over the time period 1975-89

Year Input Other Output Mitk Buildings and
feed inputs @an machinery
1975 1.00 1.00 1.00 0.54 1.00
1976 1.12 .10 1.00 0.57 1.07
1977 1.13 1.16 1.03 0.62 1.14
1978 1.00 1.21 1.05 0.62 1.20
1979 1.11 1.26 1.05 0.63 1.28
1980 1.19 1.36 1.05 0.64 1.40
1981 1.25 1.43 1.13 0.72 1.49
1982 1.26 1.54 1.17 0.74 1.56
1983 1.32 1.64 1.18 0.77 1.58
1984 1.34 1.69 1.13 0.75 1.60
1985 1.20 1.71 1.15 0.76 1.63
1986 1.09 1.70 1.10 0.77 1.66
1987 0.94 1.68 1.06 0.79 1.71
1988 0.96 1.70 1.15 0.84 1.76
1989 1.00 1.71 1.21 0.84 1.79

Table 12.5 Mean and standard deviation of variables of interest

Mean Standard deviation

Nitrogen, animal (kg) 6580 3820
Nitrogen, fertiliser (kg) 6990 5300
Labour (years) 1.55 0.58
Buildings/index (f1) 175 000 129 000
Milk (1) 260 000 175 000
Land (hectare) 25.0 13.9
Normalised profit (fl) -46 700 49 900
Value feed ([1) 78 300 65 900
Value other inputs (fI) 36 900 32 900
Value outputs (f1) 63 500 59 900

A summary of sample means of variables of interest are presented in Table 12.5.
These means are weighted by the relative importance of the individual farms as
calculated by the LEL It appears that the average farm applies about 540 kg nitrogen
per hectare to the soil in the form of nitrogen contained in fertiliser and manure,
which is about double the amount that is taken up by the crops (see section 12.2).
Also note that the mean profit is negative due to the fact that revenues of milk are not

included in this figure.

12.5 ESTIMATION
12.5.1 Estimation theory

The model we wish to use for estimation is given by equations (3)-(5) and (8).

Embedding these equations in a stochastic framework, we obtain:
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normalised profit:

[L= cot ' put Bzt suteoqon+ opi Apu+azy Bzy
+ Vs Csyt ey ‘I(%,it +pi Ezy+ pi Fsy+zi Hsy
1
+ q0,ir Npyt+pzytu's,)+ “gt) (19

demand for variable inputs (feed and “other inputs™):
Xip=—a — Apy — Ezjp— Fsiy~ qop A+ ufy) (20
unrestricted output (meat) supply:

1= oot B 2y + 7 Sy + €0 Go,ie — V2 pu Apy T V2 2y Bzy,
+ Va5 Csyp+ Yo 60 @B e+ 2id Hin+ qoyie (' 2o + 0 83 + ufy) (21)

“restricted output™ (milk) supply:

go.ie= —(1/8g) (Po,it Tegt A pyt oz, sy,) + ”g) (period I)
b+ U (period II) (22)

The double subscript it refers to farm { in year t. There are 15 years of observations,
1975-89. The data form a rotating panel where each farm is represented in the sample
for a maximum period of seven years (some farms much shorter). The total number of
farms in the sample over the whole period is 7392 and these are treated as independent
observations.

Our estimation problem is complicated by the fact that a milk quota was instituted
by Dutch law in April 1984. This implies that during the first period of nine years
(“period I"”) the production of milk was not restricted, while during the second period
of six years (“period II”’) milk should be treated as a restricted output. Thus equation
(22) consists of two parts, one for each period. In period I (no quota) we used the
supply functions derived in equation (8), while in period II {quota restriction) we set

Jo.r = q%, + random error

where ¢% ; denotes the applicable milk quota for farm i in year ¢. In practice, we do
not observe ¢% ;. However, it would be irrational for farmers not to produce the
maximum quantity of milk. Hence, we put g% = qo in period II.

The other variables have the following meaning and dimensions:

II = profit, normalised by the price of meat (the unrestricted output)
p = (p1, p2) = price of variable inputs, normalised by the price of meat:

p1 = feed
p> = other inputs
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z = (21, 22, 23, 24) = fixed inputs:
z; = human labour (years)
z» = buildings and machinery normalised by its price index
z3 = land (ha)
z4 = time (years, 1975 = Q)

s = (8, §2) = bad outputs:
§1 = nitrogen (animal excretion, kg)
§; = nitrogen (fertiliser, kg)

x = (x{, X2) = variable inputs:
x; = feed
Xy = other inputs

i

g, = unrestricted output (meat)
qo = “restricted output™ (milk)
Po = price of milk (when applicable), normalised by the price of meat

i

The matrices 4, B and C are symmetric. In addition, we assume that the 2X2 matrix C
is diagonal. Taking these restrictions into account, there are 54 structural parameters
to be estimated. Regarding the stochastic structure, we assume that the observations
are uncorrelated, but that the four equations are correlated, that is,

1 2 3), (4 —
var[(ugta) ugl )'a ugts) ugl ))I] - Z

The covariance matrix ) is of dimension 5 (not 4), thus adding another 15 para-
meters. This brings the total number of unknown parameters to 69.

Equations (19)-(22) form a system of nonlinear (because of (22)) simultaneous
equations and are estimated, in essence, by nonlinear 3SLS. As instruments we used
not only all exogenous variables (Which would lead to standard 3SLS estimates), but
also 8, times the exogenous variables and 6,q,, where 8, is a dummy variable, taking
the value 0 in period I and the value 1 in period II.

12.5.2 Estimation results

The estimates of the parameters of the model are presented in Table 12.6. The R? of
the profit function is 0.71; the R? of the demand function for feed is 0.80; the R? of the
demand function for other variable inputs is 0.68; the R? of the supply function of the
unrestricted output is 0.57; and the R? of the supply function of milk is 0.92. Nine of
the 54 parameters are not significant at the 5% level. However, care should be taken
not to base far-reaching conclusions on the significance of parameters. The profit
function is nonlinear in variables, so that one cannot generally associate a parameter
with a particular variable, as in a linear model. More information is provided by price
elasticities of input and output and shadow prices of bad outputs and fixed inputs.
The correlations between the equations (Table 12.7) are caused either by the effects
that are common to all farmers but vary across years (like the weather) or by omitted,
farm-specific variables (like the personal skills of a farmer or the quality of land). We



TAXATION FOR THE REDUCTION OF NITROGEN SURPLUS

Table [2.6 Parameter estimates of the normalised
profit function, the demand functions for feed and
other input, the supply functions of the output and milk

Parameter Estimate “T” ratio
g 20.1 * 103 5.35
@y -52.3 * 10° -13.9
oty -14.4 * 10 -5.14
B 104 * 103 4,48
B> 0.102 6.75
B3 —944 -6.77
Ba 999 2.17
7 24.2 37.4
Y2 0.258 0.63
0 ~0.426 -24.8
An 437 * 103 13.28
Ay 5.30 * 10° 2.65
Ay 21.0 * 10° 7.20
By, ~1.72 * 103 -5.08
Bz —-47.9 * 1073 ~6.51
B3 202 ~2.32
B -360 -1.83
By -0.349 * 10-° ~5.85
B, -2.05 * 1073 -3.63
By ~2.10 * 1072 -1.8
By -4.59 -1.20
By 473 4.12
Bis -85.5 ~1.76
Cyy -0.529 * 1073 -20.4
Cn ~28.5 * 107° -0.67
8o 2.10 * 1079 20.3
Ey -3.77 * 10° -6.75
Ey ~16.0 * 1073 -4.38
Ey 1.77 * 10° 48.8
Ey 108 0.83
Ep -4.30 * 10° -13.5
Ex 6.75 * 1073 3.21
Es» -390 -18.3
Ei -998 -7.41
Fi -12.6 -88.2
Fis -3.23 -12.0
Fyy 2.54 23.7
Fy, -0.573 -9.57
Hy 2.06 6.21
Hyp 453 * 107° 17.7
His 0.155 8.80
Hia -0.320 -7.35
Hy, 0.219 0.93
Hsy 3.57 * 1076 2.58
Hos 402 * 1073 3.98
Hay -0.151 -4.70
by -97.1 * 1073 -17.6
Az -36.3 % 1073 -13.5
1 0.829 * 1073 0.09
2 -0.782 * 106 -~10.4
3 -2.82 % 1072 -4,57
L4 13.5* 1072 9.97
v —46.5 * 107° -17.5
Uy 325 * 1076 -2.31

287
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Table 12.7 Correlations of residuals of equations (19)-(22)

Equation (19) profit (20) feed  (20) other inputs (21) meat (22) milk
(19) profit 1.0000 -0.3084 -0.3805 0.4363 0.1969
(20) feed -0.3084 1.0000 0.1423 0.5692 0.0543
(20) other inputs —0.3805 0.1423 1.0000 0.3163 -0.0873
(21) meat 0.4363 0.5692 0.3163 1.0000 0.1718
(22) milk 0.1969 0.0543 —0.0873 0.1718 1.0000

will illustrate both cases and comment on the sign of the correlations. First, a year
with high temperature and low rainfall causes a relatively low profit in combination
with a relatively high level of purchased feed and other inputs and relatively low
outputs. This leads to a negative correlation between equation (19) on the one hand
and equation (20) on the other. Between equation (19) on the one hand and (21) and
(22) on the other there is a positive relation. This is in accordance with Table 12.6.
Second, high quality of land and labour causes a high profit in combination with a
relatively low level of purchased inputs and relatively high outputs, also in accordance
with our estimated correlations.

Before calculating the elasticities and shadow prices it is important to test the basic
assumption underlying the methodology used in this study, that is that farmers are
profit maximisers. Results of testing the assumption of monotonicity are displayed in
Table 12.8. This table shows that the data are relatively well behaved in relation to the
theory, with the exception that there are some doubts with respect to the monotonicity
condition of labour. According to Table 12.6 the normalised short-run profit function
is convex in the normalised prices and concave in the bad outputs. The assumption of
short-run profit maximisation behaviour is, therefore, not rejected by the data.

The short-run price elasticities of feed, other inputs and the meat output were
calculated using equations (9) and (10), see Table 12.9. The shadow prices of the bad
outputs and the fixed inputs were calculated using equations (11) and (12). The
variances of these elasticities are calculated by a bootstrapping technique.

As can be concluded from Table 12.9, the price elasticity of the demand for feed is
—0.39. Feed and other inputs are complements. The elasticity of feed with respect to
the price of meat is the opposite of the sum of the price elasticities with respect to the
inputs because the input demand functions, and also the output supply function, are
homogeneous of degree zero in prices.

The price elasticities of Table 12.9 are high compared to other studies (Elhorst 1990;
Helming et al. 1993; Thijssen 1992). A possible reason for this difference is that in
these other studies differences between the quality of labour and land across farms is
taken into account by including fixed effects. We therefore also estimated a model
with fixed effects. This model, however, results in a negative long-term relation
between the level of fertiliser and the price of fertiliser. This unrealistic result is
probably caused by the fact that models estimated by fixed effects are more sensitive
to measurement errors. Fertiliser is a small input and therefore difficult to handle in
our model. We also estimated a model where we assume that fertiliser is a variable
input. Once again this results in a positive price elasticity of fertiliser.

The shadow price of the nitrogen content in manure for the average dairy farm is
6.49 guilders, see Table 12.10. This means that the short-run profit (that is, the
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Table 12.8 Percentage of farms that fulfil the mono-
tonicity conditions

% that fulfil

Derivative of profit by: monotonicity condition
Price feed 99.3
Price of other inputs 99.8
Output price 99.7
Labour 52.5
Buildings 84.8
Nitrogen (animal) 90.0
Nitrogen (fertiliser) 99.3
Land 96.6

Table 12.9 Short-term price elasticities for the average dairy farm, period
1987-89 (standard errors in brackets)

Price of feed Price of other inputs  Price of meat

Feed -0.39 (0.03) -0.08 (0.03) 0.47 (0.03)
Other inputs —~0.12 (0.04) -0.80 (0.11) 0.92 (0.10)
Meat —-0.29 (0.03) —0.38 (0.04) 0.67 (0.06)

Table 12.10 Shadow prices for the average dairy
farm, period 1987-89 (standard errors in brackets)

Shadow price

Nitrogen (animal) 6.49 (0.29)

Nitrogen (fertiliser) 0.79 (0.23)

Human labour per year —-3320 (1520)
Capital per guilder 0.028 (0.009)
Milk (1) -0.41 (0.01)

Land per hectare 459 (85)

difference between revenues and costs of the variable inputs, see equation (1)) rises by
6.49 guilders when the nitrogen content of manure increases by 1 kg, This is caused by
the relation between cows and the nitrogen content in manure: an increase of the
nitrogen content in manure implies an increase in cows. On average a cow produces
130 kg of nitrogen a year. So, an increase of one cow results in an increase of about
1000 guilders of the short-run profits.

The shadow price of nitrogen in fertiliser for the average dairy farm is 0.79 guilders.
This is lower than the price of nitrogen in fertiliser, which is about 1 guilder. This
indicates that fertiliser was overused on dairy farms in this period.

Because of the quota on milk there is a surplus of labour on dairy farms, leading to
a negative shadow price for labour. The shadow price of capital is the profit which can
be used to pay the capital interest and depreciation costs. The result for capital is
reasonable. The rent of land without the quota of milk is low. The shadow price of
milk is calculated using equation (3). To obtain the shadow price of the quota
equation (6) should be used. The resulting nominal shadow price of the quota in 1988/
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Table 12.11 Long-term price elasticities for the average dairy
farm, period 1987-89 (standard errors in brackets)

Price of feed Price of nitrogen
Feed -5.0 (2.5) 0.4 (0.7)
Nitrogen (animal) -2.0 (0.1) -0.5(0.1)
Nitrogen (fertiliser) 7.6 (11) -2.8 (3.5)

89 was 0.43 guilders per kilogram for the average farm. This equals the lease price of
the quota observed in the Netherlands in the same period.

Finally, long-term price elasticities were calculated using equations (15)—(18). The
price elasticity of feed rises considerably in comparison to the short-term elasticity, see
Table 12.11. The positive relation between the price of feed and the demand for
fertiliser indicates the large substitution possibilities between purchased feed and
fertiliser. The standard error is very high, this indicates once again the problems which
we have in handling the input fertiliser.

A rise in the price of nitrogen reduces the amount of cows and the amount of
fertiliser, but because of the substitution possibilities between fertiliser and feed, the
demand for feed rises. The long-term elasticities with respect to the shadow price of
nitrogen give an indication of the effects of a levy on the nitrogen surplus. This levy is
further investigated in the next section.

12.6 SIMULATIONS
12.6.1 Method of simulation

As pointed out in section 12.3, the effect of a levy on feed or nitrogen on the output of
nitrogen can be calculated with the aid of equation (8). In the simulations presented
below equation (8) is used in differential form, i.e. the change in the produced amount
of nitrogen As is calculated from the effect of a levy on feed of magnitude Ap, or a
levy on nitrogen of magnitude Ar. This results in

As = C! (Ar - E'Ap) 3)

with Ar = 0 or Ap = 0 in the case of a levy on feed or nitrogen respectively. In the case
of a levy on nitrogen the levy is taken equal (per kg) for both nitrogen excretion and
fertiliser. However, the levy is only applied to the amount of nitrogen which exceeds the
uptake of nitrogen by the crops. In our simulations this limit is set to 300 kg/ha. As was
shown in section 12.2, this is a reasonable estimate for specialised dairy farms in the
present situation. However, with lower levels of nitrogen — for example because of the
introduction of a levy — the nitrogen uptake of the crops will also be lower. This effect
has not been taken into account in the simulations. The environmentally acceptable
application level will be somewhat higher than the 300 kg we assumed. A small amount
of losses to the environment need not be very harmful. An agricultural practice without
losses seems even impossible. By neglecting the 50 kg of nitrogen that comes from
deposition (acid rain) we implicitly assumed a levy-free surplus of 50 kg/ha. Thus, the
levy paid equals (35 ~ z3 * 300 kg/ha) times the levy per kilogram of nitrogen, with
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>_s the amount of nitrogen excretion plus fertiliser after the levy is applied. Three cases
can occur;

(1) 1If the original amount of nitrogen is below the threshold value, As is set to zero.
No levy is paid in this case. This is an uncommon situation.

(2) 1If the levy causes the amount of nitrogen to drop from above to below the
threshold value, As of both components (animal excretion and fertiliser) are
adjusted by the same factor in such a way that the output of nitrogen after the
levy equals the threshold value. In this case no levy is paid. This situation
becomes the more common the higher a levy per kilogram excess nitrogen is
imposed.

(3) If both the original amount of nitrogen and the amount after the levy is applied
lie above the threshold value, As is calculated correctly by equation (23). The
levy paid is equal to the amount of kilograms of nitrogen above the threshold
value times the levy per kilogram. This is the most common situation.

Every farmer can avoid the levy by transporting the manure away to other farms.
There is no way in which we can model this effect with the available data. Trans-
portation, however, is costly and it will become even more so if farmers are less willing
to accept the manure of others because in that case manure has to be transported over
larger distances. Furthermore, as long as the imposed levy does not exceed the cost of
transportation of about 3 guilders per kilogram of nitrogen no transportation will take
place anyway.

Also, if a very high levy on feed is applied, As as calculated by equation (23) could
become so large that it causes one or both of the nitrogen components to become
negative, If this occurs Ags of this component is adjusted such that s of this component
is zero after the levy on feed. Avoiding this levy in a way other than by buying less or
different feed is impossible. In the case where he buys less he may grow more feed of
his own. This is a problem if the farmer uses a lot of polluting fertilisers in doing so.
We will return to this possibility in the next subsections.

Once Ap or Ar are set and As and s after the levy is applied are calculated for every
farm by means of equation (23), the profit and the amount of inputs and outputs can
be calculated from equations (3)—(5) both before and after a levy is applied. In case of
a levy on nitrate the profit still has to be lowered by the levy paid, as the cost of this
levy is not included in equation (3). Furthermore, in our simulations we added the
revenues of milk to the profit of equation (3) in order to obtain an income concept
which is relevant to the farmer. All simulations presented in the next sections are
carried out in this way. Of course, in these simulations use has been made of the
estimated coefficients presented in Table 12.6. Also the fixed inputs, prices and the
amount of nitrogen are taken to be the same as in the estimation process except for
the obvious cases of the price of feed after a levy on feed and the amount of nitrogen
after a levy,

After the simulations, means of the relative change of the profit (including the
revenues of milk) and the amount of nitrogen due to the levy are taken. These are
weighted by the relative importance of the individual farms as calculated by the LEI,
in order to obtain figures that are a more general reflection of the environmental
impact of the nationwide institution of a levy on feed or nitrogen.
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Figure 12.3 Influence of a levy on the surplus of nitrogen

12.6.2 Simulation results
12.6.2.1 Levy on the surplus of nitrogen

In Figure 12.3 we plotted the results of our simulations of a levy on the nitrogen surplus.
These simulation results are long-term effects, because in our model we assumed the
amount of nitrogen to be fixed in the short term. The percentage change of nitrogen
caused by a levy on nitrogen reaches a saturation level at around 0.5 guilder/kg. At this
point a decrease in the total amount of nitrogen of over 40% is obtained. This saturation
effect can be explained as follows. From Table 12.5 it appears that the average dairy
farm uses about 6600 kg of nitrogen contained in fertiliser and produces an almost equal
amount of nitrogen contained in manure. This results in an average of 13 500 kg
nitrogen per farm. If we combine this figure with the average amount of land of a dairy
farm, which is 25 ha, we obtain 540 kg/ha. As a levy on the nitrogen surplus has no
further effect once the total amount of nitrogen drops to 300 kg/ha, this rough estimate
sets an upper limit to the percentage change of the nitrogen production to about 44%.
This can be compared to the observed saturation level of around 40% in our
simulations. The main difference is that the simulations were carried out over the period
198789, and Table 12,5 contains data averaged over the entire data set (1975-89).

It is also clear from Figure 12.3 that the percentage change in the amount of
nitrogen in fertiliser is much larger (about 80%) than that in manure (about 5%). This
is because a 1 kg reduction of nitrogen in manure is much more costly than the same
reduction in fertiliser. As pointed out earlier, in many cases too much fertiliser is used,
the shadow price of fertiliser is lower than the market price. Because of this fact the
reduction in the application of fertiliser in the case of a levy on the nitrogen surplus is
very strong. Due to the linear character of our simulation model this strong reaction
does not diminish at high levels of the levy. This is a shortcoming of our simulation
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12.6.2.3 Refunding

We also investigated different scenarios of refunding the revenues of the levy to the
farmers. In these simulations we assumed the farmers react the same, irrespective of
getting the refund or not. We studied a refund proportional to the amount of land,
proportional to the amount of labour and an equal refund per farm. As most farms
are very similar with respect to the amount of land and labour, it turned out that there
are few differences between these scenarios. This holds for both a levy on feed and a
levy on the surplus of nitrogen.

12,7 CONCLUSIONS AND CAVEATS

In this chapter an econometric model of the Dutch dairy sector is presented. The
estimated model describes Dutch dairy farmers’ decisions about short-run profit,
demand for feed and other variable inputs, meat supply, and milk supply in the
unrestricted period. The description seems to be appropriate, because the underlying
theoretical assumptions are not rejected by the data, and the sign of elasticity estimates
are correct. Short-term price elasticities of supply and feed demand are smaller than
one. This is not surprising because of the assumption that the size of the livestock and
the use of fertiliser is kept fixed in the short term. However, the elasticities are high in
comparison to studies which use a fixed effects model. The estimated profit function is
used for calculating shadow prices of the quasi-fixed and fixed inputs. The results are
reasonable, especially for milk and the bad outputs. The shadow price of nitrogen is
lower than the market price, indicating the overuse of fertiliser in this period.

Using this model and assuming optimal use of the bad outputs (nitrogen from
animal excretion and from fertiliser), long-term elasticities are calculated. These turn
out to be substantial. The long-term feed price elasticity of the demand of feed is —5.
The long-term feed price elasticities of nitrogen are -2 for animal excretion and +7.6
for fertiliser, the latter reflecting the substitution possibility of purchased feed by feed
produced on the farmer’s own land. The long-term nitrogen price elasticities are 0.4,
—0.5 and -2.8 for feed, nitrogen (animal) and nitrogen (fertiliser), respectively, The
first also reflects the substitution possibilities with respect to feed. The standard errors
of the estimated elasticities are very high, indicating the problems which we have in
handling the input fertiliser.

The model is used to assess the impact of levies that are meant to reduce mineral
surpluses in the Netherlands. Two types of levy are taken into consideration:

e A levy on feed
e A levy on the nitrogen surplus at farm level

The nitrogen surplus at farm level is defined as the sum of the total excretion of
nitrogen by animals and the amount of nitrogen contained in fertiliser minus the
amount of nitrogen taken up by crops (300 kg/ha).

A reduction in the nitrogen excretion by 40% can be realised with a levy of over
0.50 guilders per kilogram on the nitrogen surplus, mainly caused by a reduction in
the use of fertiliser. A levy on feed leads to an increase in the nitrogen surplus.
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Of course the results of this chapter must be interpreted against the background of
the formulated model. The model assumes that the only way a farmer can respond to
levies is by adapting the number of animals, the amount of fertiliser and the amount
of variable inputs (feed and other inputs), The response of the farmer mainly comes
down to a change in the mix of purchased feed and his own production of feed.
Possible adaptations in the feed composition (feed with less nitrogen) are not taken
into account. In the past there was no incentive for farmers to use alternative feed, so
there are no historical data available. Also the use of buildings with low levels of
ammonia emission are not taken into consideration.

The definition of the nitrogen surplus deserves some attention. It is assumed that an
amount of 300 kg nitrogen per hectare is exempt from the levy. This 300 kg is a rough
indication of the uptake of nitrogen by the crop. It is still in discussion how much
more than the crop uptake will be free from levy, because a certain amount of
nitrogen loss is inevitable. Another problem is that the intention of the Dutch
government is to levy only the manure that stays on the farm. Farmers can transport
the manure to other farmers who can apply the manure in an environmentally
acceptable way. Transportation, however, is costly and will probably not take place.

Then there is the connected problem of the dependence between the size of the levy
and the size of the transportation costs. With a levy of 0.50 guilders nitrogen excretion
is reduced by 40%, which means that the manure surplus at the national level is
reduced enormously. The opportunity to transport manure at low cost will then
increase, and the effect of the levy will be weaker than calculated.

A related point is that the effect of the decrease in the size of the livestock on the
price of the output is neglected. Incorporation of this effect would lead to a smaller
reduction of profits. In fact we made the tacit assumption that output prices are
determined by factors outside our model. This assumption is justified only in the case
where international competition (in the milk market) is strong or prices are set by EU
policy, which is valid to a high degree for the Netherlands as a member of the
European Union.

As a final caveat we mention that our study assumes that all existing farms continue
production. In practice some farms will stop production totally, selling their milk
quota to others.

In spite of these caveats the main conclusions of our study hold: To reduce the
nitrogen surplus in Dutch dairy farms a levy on feed is not an appropriate instrument,
because the use of fertiliser increases. A more promising instrument is a levy on the
nitrogen surplus. This levy leads to a considerable reduction in the use of fertiliser.
The related profit losses and the decrease in the nitrogen from animal excretion are
small.
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