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Hingen 

Wanneer paneldata beschikbaar zijn, bieden Maximum Entropy schattingsme-

thoden de mogelijkheid om preciezere voorspellingen te doen over de effecten 

van beleidsveranderingen dan Fixed-Effect schattingsmethoden (Golan, A., G. 

Judge and D. Miller (1996). Maximum Entropy Econometrics : Robust Estima-

tion with Limited Data, Chichester) 

Het begrip zuinigheid behoeft opwaardering in het kader van de noodzaak om 

zuinig om te gaan met uitputbare hulpbronnen. 

Wetenschappers moeten zich er bij uitstek van bewust zijn dat op 'human 

capital' moet worden afgeschreven. 

Studies die beogen technische efficiency verschillen tussen bedrijven te meten, 

meten vaker het effect van het weglaten van inputs die belangrijk zijn in het 

productieproces dan echte technische efficiency verschillen. 

Het gebruik van een Fixed Effects schattingsmethode resulteert in kleinere 

prijselasticiteiten dan schattingsmethoden die zowel van variatie tussen groepen 

als variatie binnen groepen gebruikmaken, (dit proefschrift) 

In economisch mindere tijden prefereren Nederlandse akkerbouwers afschrijven 

boven actief desinvesteren als middel om de hoeveelheid machines te optima

liseren (dit proefschrift). 



Het omvangrijke systeem van fiscale aftrekposten ondermijnt in sterke mate de 

progressiviteit van het Nederlandse belastingstelsel. 

Trouwen danwel samenwonen verhoogt de transactiekosten van het beëindigen 

van een relatie en vergroot zodoende de stabiliteit ervan (Dixit, A. and R. 

Pindyck (1994). Investment under uncertainty, New Jersey). 

De "warme deken" van de kleine dorpsgemeenschap kan zowel comfortabel als 

verstikkend zijn. 
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Chapter 1 

l 

Introduction 

1.1 Background and scope 

Environmental and agricultural policy measures are sources of an increasing number 

of restrictions on agricultural production. Examples of environmental policy that will 

influence Dutch arable farming are the long-term crop protection plan (LCPP) and 

mineral policy. The LCPP aims among other things to lower the average 1984-'88 level 

of pesticide use. The arable sector uses about two thirds of all pesticides used in the 

Netherlands. Targeted reductions for this sector are 39% in 1995 and 60% in 2000 (MJP-

G, 1991 : 101). Mineral policy aims at reducing the flow of phosphates and nitrogen to 

the environment. Policy with respect to the arable sector will probably take the form of a 

mandatory registration of mineral flows on the farm. The surplus that is calculated using 

this information will serve as a tax base (Tweede Kamer, 1995). Future environmental 

policy with respect to the arable farming sector may also involve variables as CO, 

emission, water use and nature/landscape production, but this thesis will not deal with 

these issues. 

Other policy changes that affect arable farming stem from the Common Agricultural 

Policy (CAP). In 1992, the EU reduced price support for cereals and abolished the 

deficiency payments for oilseeds and protein crops. To compensate farmers for their 

income loss, subsidies per hectare were introduced. However, farmers growing more than 

92 tonnes of cereals equivalents have to set aside a predetermined share of their area of 

cereals, oilseeds and protein crops (LNV, 1992). Also, as a result of the CAP-reform, 

prices of cereals will be less stable than before. 

The (proposed) policy changes often have detailed implications at the farm level and 

require therefore explicit modelling in order to determine their effects on economic (e.g. 

income, input and output levels) and environmental variables (e.g. mineral surplus). 
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Because no system of first order conditions has to be solved to derive input demand and/or output 
supply equations (Shumway, 1995). 

Farms in the Dutch arable sector are mainly small scale farms operated by the 

farmer and his family. This implies that arable farmers are price takers in the markets of 

inputs and outputs and that neoclassical production theory and especially its dual form 

(e.g. profit function) is a convenient framework for describing economic behaviour of 

arable farmers. Advantages of the dual form over the primal form include conceptual and 

computational convenience and simplicity and the possibility of using a broader range of 

functional forms1 (Shumway, 1995). 

Developments in the literature on applied duality theory can be characterised along 

three broad lines : 

Application of static duality theory : Following Lau and Yotopoulos (1972) many 

authors (e.g. Binswanger 1974; Sidhu and Baanante, 1981; Shumway, 1983; 

Weaver, 1983; Wall and Fisher, 1986) have applied duality theory to agricultural 

economic issues (see also Shumway, 1995). 

Application of dynamic duality theory : Theoretical contributions of McLaren and 

Cooper (1980) and Epstein (1981) were soon followed by applications to agriculture 

(e.g. Taylor and Monson, 1985; Vasavada and Chambers, 1986; Howard and 

Shumway, 1988). 

Duality under uncertainty : Several authors have now established duality results in 

the static framework under price uncertainty Coyle, 1992; Saha and Just, 1996; 

Paris, 1989) and output uncertainty (Chavas and Pope, 1994; Pope and Just, 1996; 

Coyle, 1995). Duality under price uncertainty in a dynamic framework has recently 

been addressed by Arnade and Coyle (1995). 

The application of static duality theory under price certainty is well developed in 

the literature, so the first purpose of this thesis is to determine the effects of the 

aforementioned policy changes using static dual micro economic models. The contribution 

of this thesis is that it explicitly incorporates the technical details of the policy changes. A 

further contribution lies in the use of farm level data. Previous authors have used farm 
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It is important to note that many applied studies use aggregate data (e.g. sector level), although 
the theory that is used, holds at the level of the individual firm. Testing micro economic theory 
while using aggregate data is not necessarily valid, since there is no reason to assume a priori that 
the theory holds for an aggregate of firms, even if it holds for each firm separately (Shumway, 
1995). 

level data for estimation and testing2 (Elhorst, 1991; Thijssen, 1992a) and provided 

model results for an 'average' farm. This thesis extends their analyses by using farm level 

data for simulating policy changes and calculating the effects for different classes of farms 

and the sector. 

Applications of duality under uncertainty in both the static and dynamic framework 

are still very scarce in the literature, so the second purpose of the thesis is to make a 

contribution in this area by providing an application of static duality theory under price 

uncertainty. 

Applications of dynamic duality theory have frequently used aggregate data. The 

use of farm level data brings about additional problems related to the occurrence of zero 

investments in fixed factors. Therefore, the third purpose of this thesis is to develop a 

methodology for modelling individual farmers' investment behaviour in a dynamic dual 

framework. 

This thesis starts however with a more general chapter that contributes to the 

literature by developing a general framework for testing functional specifications of the 

profit function. The purpose of this chapter is to provide a rigorous criterion for selecting 

functional forms in the remaining chapters of the thesis. 

1.2 Outline of the thesis 

In this section, a short discussion of the background and main contents of chapters 

2-7 is provided. 

The performance of flexible functional forms : Testing against the Box-Cox 
The specification of the functional form for the profit function can be viewed as a 

random model specification, i.e. it is an approximation to the 'true' function. The 

literature on functional form selection however frequently relies on ad hoc criteria such as 
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theoretical consistency, domain of applicability, flexibility, computational ease, plausibil

ity of the estimated elasticities and others (Lau, 1986; Baffes and Vasavada, 1989). 

Chapter 2 presents a unifying approach to allowing the data reveal the specification 

by employing the Generalised Box-Cox framework and using Double Length artificial 

Regression. Three different linear functional form specifications of the profit function 

(Normalised Quadratic, Symmetric Normalised Quadratic and Generalised Leontief) are 

tested on the data set that is used for the analyses in the following chapters. An extended 

version of the Generalised Box-Cox is developed which includes these three specifications 

as nested hypotheses. A Lagrange Multiplier test that avoids estimation is used to test 

(subsets of) functional forms against (simplifications of) the linear GBC. Functional forms 

are also evaluated in terms of regularity conditions, parameter significance and 

reasonability of elasticities. The Normalised Quadratic outperforms the other forms on 

most criteria and is used in most chapters in the thesis. 

Effects of input quotas in Dutch arable farming 
Taxes, subsidies and quantitative restrictions are among the most commonly 

used instruments in environmental policy (Baumol and Oates, 1988). When introducing 

combined tax/quota policies, one should take into account that price elasticities are 

affected by the introduction of the quota (Guyomard and Mahe, 1993). In particular, the 

own price elasticities are smaller in absolute terms, when an input or output is restricted : 

the Le Chatelier-Samuelson effect. 

Chapter 3 considers the effects for an average arable farm of a hypothetical 

introduction of a pesticides quota. The methodology that is used in this chapter is already 

known from consumption theory, but has recently been extended to production theory 

(Fulginiti and Perrin (1993), Guyomard and Mahe (1993) and Squires (1993)). In 

particular, attention is paid to the effects on price elasticities, elasticities of intensity and 

shadow prices of fixed inputs and the restricted quantity of pesticides after the quota 

introduction. Furthermore, the possibilities of the methodology are demonstrated by 

calculating the effects on netput quantities and income of a combination of input quotas 

and taxes. 
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Modelling EU cereals and oilseeds regime in the Netherlands 
Following the new regime for cereals and oilseeds in the EU, area and set-aside 

premiums are coupled to the area of cereals, oilseeds and pulses. The quantity of land set 

aside depends on the farmer's area of these crops. In previous research either one or both 

of these aspects have not been accounted for. Guyomard et al. (1993) analysed the new 

CO regime assuming that area premiums are either fully coupled or fully decoupled from 

price levels. Moreover, set-aside decisions were exogenous in their model. Jensen and 

Lind (1993) accounted for the fact that area and set-aside premiums are decoupled from 

price support, but they did not allow set-aside decisions to be endogenous in their model. 

The contribution of Chapter 4 to the existing literature analysing the new CO regime is 

that both these aspects are accounted for. This is possible because the effects are 

examined at the level of the individual farm. The decision to participate in the set-aside 

programme is endogenous in our model and depends among other things on prices of 

inputs and outputs and the level of the area and set-aside premiums. Regional aspects of 

the new regulation are also taken into account as are environmental effects concerning the 

use of pesticides and N-fertiliser. 

The reactions of arable farms in the Netherlands are examined using a simulation 

model consisting of equations that are estimated using panel data for Dutch arable farms. 

The results of the estimation are used in a simulation model that calculates the short-term 

effects of the new CO regime for the farms that are in the panel. Simulation results are 

aggregated for different classes of farms and for the sector as a whole. 

Effects of N-surplus taxes : Combining technical and historical information 
Future policies on minerals will probably oblige all farms to keep a mineral account 

for flows of nitrogen and phosphates from manure as well as artificial fertiliser (Tweede 

Kamer, 1995). In this way detailed information on uptake of minerals by crop products 

and supply of minerals through artificial fertiliser and manure will be available. The 

difference between supply and uptake, minus a threshold level for acceptable mineral 

losses per hectare, constitutes mineral surpluses per farm which will be taxed. 

In Chapter 5 the effects of a tax on Nitrogen surplus are determined. To this end, a 

general methodology is developed that allows technical information on the production of 
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an externality to be included in a dual profit function to yield insight into the effects of a 

tax on the externality. This methodology is used to extend the model that was developed 

in the previous chapter with nitrogen surplus equations. The model that is thus obtained is 

capable of determining the effects of agricultural policy measures and mineral policy 

measures simultaneously. 

Area allocation under price uncertainty : A dual approach 
Although empirical evidence has shown that income uncertainty is an important 

determinant in area allocation (Freund, 1958; Collender and Zilberman, 1985; Babcock et 

al.,1987; Chavas and Holt, 1990), so far a dual framework has not been developed for 

simultaneous area allocation and production/input decisions under income risk. Advan

tages of the dual versus the primal framework have been discussed extensively in the 

literature (Pope, 1982; Shumway, 1995). They include computational convenience, 

simplicity, estimation efficiency and the possibility to use a broader range of functional 

forms. 

Chapter 6 uses a Mean-Standard deviation utility function to build a dual model that 

simultaneously determines area allocation and production/input decisions under price 

uncertainty. The specification of the Mean-Standard deviation utility function is sufficient

ly flexible to characterise various risk configurations. Moreover, regularity conditions of 

the underlying indirect utility function (symmetry, convexity) and the producers risk 

preferences are tested. 

Asymmetric adjustment of dynamic factors at the firm level 
While in the short term, some inputs or outputs may be assumed fixed, in the long 

term this assumption does not hold. A dynamic specification of a profit function enables 

modelling decisions on quasi-fixed inputs explicitly. 

In the standard approach to modelling quasi-fixed factor demand, zero investments 

are optimal if the shadow value of the quasi-fixed factor is zero. The observation from 

firm level data where investments are frequendy zero questions the consistency of the 

standard approach to modelling firm level decision making. A theoretical problem thus 

arising is that the first order condition for optimization of the value function, which is 

implicit in the dual approach, is not necessarily satisfied. An econometric problem arising 
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3 In chapters 2 and 3, the data set covered the period 1970-1988. Data over the period 1989-1992 were not 
available at the time these chapters were written. 

in both the primal and dual approach is that the data are censored in the presence of zero 

investments. This implies that the standard assumption of independent and identically 

distributed errors no longer applies and results in biased estimates, if not corrected. 

Chapter 7 addresses these shortcomings of past approaches through the specification 

and estimation of a threshold model to characterise investment demand. The threshold 

model maintains investments are zero if the shadow value of capital is between a lower 

and an upper threshold. This model is estimated in two stages. The first stage determines 

the decision whether to invest, disinvest or do nothing. This information is used to correct 

the error terms in the second stage which comprises the estimation of a system of output 

supply and variable and quasi-fixed factor demand equations. Since the value function 

does not necessarily exist for zero investments, only the observations for which invest

ments are non-zero are used in the second stage. 

1.3 Data 

The models in this thesis are estimated on data on specialised arable farms, 

covering the period 1970-19923. These data were obtained from a stratified sample of 

Dutch farms which kept accounts on behalf of the LEI-DLO farm accounting system. 

Specialised arable farms are defined as farms with more than 80% of output coming from 

marketable crops. Farms stay in the panel for only five to six years, so the panel is 

incomplete. 

The models include outputs, variable inputs and quasi-fixed inputs. Outputs 

primarily comprise sugar beet, ware potatoes, seed potatoes and starch potatoes, winter-

wheat, barley, oats, oilseeds, and animal output. Variable inputs are mainly pesticides, 

fertilisers, services, non-nitrogenous fertiliser, seed and planting materials, purchased feed 

input, energy. 

Quasi-fixed inputs are land, labour and capital. Land is measured in hectares. 

Labour is measured in quality-corrected man years, and includes family as well as hired 

labour. Hired labour accounts for a small portion (17%) of total labour at the farm level 



8 

4 Input and output categories are not the same in all models of this thesis. A more detailed description of 
the data can be found in chapters 2-7. 

and is included as a fixed input since labour contracts cannot easily be terminated. Capital 

includes capital invested in machinery and livestock, and is measured at constant 1980 

prices. Capital invested in buildings was not included since it proved impossible to obtain 

a reliable value of buildings for all farms in the sample (Elhorst, 1990: p.84). 

Table 1 gives an overview of the mean and standard deviation of variables that are 

included in the empirical models4. Quantities of outputs, variable inputs, land and capital 

increased in the period 1970-1992 whereas labour remained almost constant. A more 

general description of characteristics of Dutch arable farming and developments in farm 

structure etc in the past two decades can be found in LEI-DLO (1995a). 

In the empirical models of chapters 2-7, variable inputs and outputs are aggregated 

to categories of implicit input and output quantity indices. Implicit quantity indices are 

obtained as the ratio of value to price index. Prices of individual components of aggre

gates are obtained from LEI-DLO, whereas prices of input and output aggregates are 

defined as Tornqvist price indices and are well documented in e.g. Higgins (1986) and 

Thijssen (1992a). The implication of using Tornqvist price indices is that the underlying 

aggregator function is translog (Diewert, 1976). Price indexes vary over the years but not 

over the farms, implying that differences in the composition of a netput or quality 

differences are reflected in the quantity (Cox and Wohlgenant, 1986; Thijssen, 1992a). 

Output prices are not known at the time decisions are made on planting and the use 

of variable inputs, so expected rather than actual prices have to be used. Expected output 

prices were constructed, assuming that price expectations are formed according to an 

autoregressive (AR) proces. The implication of using expected rather than actual prices is 

that expected profit is assumed to be maximised instead of actual profit. Expected profit 

is defined as expected revenue (expected prices times quantities of outputs) minus the total 

value of the variable inputs actually used. 
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Table 1 : Mean values of variables for arable farms in the period 1970-1992 (standard 
deviations in parentheses). 

year output8 variable inputs8 land" labour1 capital" 

1970 173.0 89.2 40.0 19.7 136.7 
(96.6) (1.5) (4.3) (10.1) (87.0) 

1971 213.3 93.2 42.5 18.6 146.1 
(146.3) (63.0) (30.6) (10.6) (94.2) 

1972 184.9 87.4 42.4 16.8 147.6 
(111.8) (51.4) (26.1) (7.5) (92.9) 

1973 200.8 91.7 45.2 17.1 162.8 
(115.1) (54.9) (26.0) (8.1) (94.3) 

1974 200.4 91.2 44.7 16.7 165.7 
(119.9) (54.2) (27.7) (8.1) (103.1) 

1975 199.7 91.3 47.1 17.3 186.3 
(120.6) (53.3) (32.0) (8.7) (118.8) 

1976 220.9 100.0 47.5 17.3 196.0 
(148.7) (60.6) (32.3) (9.4) (128.8) 

1977 274.3 114.7 47.5 17.2 215.0 
(217.5) (73.7) (31.9) (9.3) (145.5) 

1978 276.3 114.1 49.6 17.6 244.9 
(186.2) (72.3) (34.9) (9.3) (165.3) 

1979 281.2 114.4 50.9 17.4 262.1 
(193.7) (77.6) (35.9) (9.2) (176.9) 

1980 272.3 112.0 52.0 16.9 275.4 
(181.3) (72.1) (39.1) (9.3) (178.4) 

1981 273.9 111.2 52.4 17.0 286.8 
(188.4) (87.6) (39.3) (9.5) (186.7) 

1982 325.7 112.3 53.3 16.1 284.3 
(207.6) (70.5) (39.3) (8.3) (177.6) 

1983 263.1 117.3 53.2 16.5 293.1 
(166.2) (74.7) (39.2) (8.1) (181.6) 

1984 367.4 134.0 55.9 17.1 317.8 
(248.3) (81.0) (37.5) (9.2) (193.1) 

1985 376.2 136.3 57.3 17.3 329.7 
(260.9) (80.6) (37.3) (9.5) (211.3) 

1986 415.8 139.5 59.3 17.1 333.3 
(294.8) (92.5) (44.0) (9.8) (227.5) 

1987 408.0 135.6 59.3 16.6 333.4 
(293.0) (84.0) (40.4) (8.6) (232.5) 

1988 386.5 129.4 59.4 16.3 338.4 
(269.3) (80.2) (40.1) (8.3) (236.9) 

1989 408.7 135.1 61.3 16.6 339.1 
(259.4) (82.2) (40.7) (8.6) (246.3) 

1990 444.6 139.6 61.7 16.7 341.9 
(290.4) (84.9) (40.3) (8.6) (242.6) 

1991 438.6 139.1 60.7 16.4 344.8 
(290.5) (83.1) (39.0) (8.3) (235.7) 

1992 589.4 131.9 63.1 16.8 359.7 
(430.3) (76.4) (37.9) (8.3) (236.0) 

a) 1000 guilders of 1980 
b) hectares 
c) man years x 10 
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Testing among Functional Forms : 

An Extension of the Generalised Box-Cox Formulation 

Summary 

This chapter uses the Generalised Box-Cox framework and Double Length artificial 

Regression to test whether different specifications of the profit function are able to mimic 

the technology underlying panel data of Dutch arable farms for the period 1970-1988. To 

this end, a linear GBC is developed that includes the Generalised Leontief, Normalised 

Quadratic and Symmetric Normalised Quadratic as special cases. A Lagrange multiplier 

test that avoids estimation of the linear GBC is used to test (subsets of) functional forms 

against (simplifications of) the linear GBC. Functional form results are also evaluated in 

terms of regularity conditions, parameter significance and reasonability of elasticities. 

On this data set, the NQ outperforms the other forms on most criteria. 

2.1 Introduction 

The behavioural and technological characterisation of decision making has 

important implications for policy analysis. The question is how to let the data reveal such 

characterisations without imposing the limiting restrictions of functional specification and 

the estimation procedures to develop point estimates. Empirical work (e.g. Baffes and 

Vasavada, 1989) has demonstrated that parameter estimates and elasticities are sensitive to 

the functional form chosen. Hence the functional specification of a profit or cost function 

can be viewed as a random model specification; i.e. is profit adequately represented by a 

Normalised Quadratic, Generalised Leontief specification or something else?. 

The Cobb-Douglas and the CES function were very popular before duality theory 


