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Dynamic adjustmentsin the Dutch greenhouse sector dueto

environmental regulations

Verreth, D.M.I.,Emvalomatis G Bunte F. and Oude Lansink, A.G.J*M.

Abstract

Horticultural firms are dependent on energy to prod, while policy makers focus on reducing
the use of energy and investment in energy-sawognblogies. The paper aimed to asses
Dutch greenhouse farmers' responses to policies Wauld affect prices of different energy

inputs. The farmer's behaviour is modelled in tweps: firms are assumed to maximize profit
at given energy use level, and firms are assumealitomize the discounted sum of energy
costs. The model is estimated using farm survey sfznning the period 2001-2008. Short-run
and long-run elasticities with respect to pricegldnvestments in energy-using technology are
estimated. The greenhouse sector shows a fasttadjosof energy capital towards its long-run

equilibrium. This model provides a framework fosessing policy simulations. Policies will not

have much more impact in the long-run comparedht ghort-run, and incentives to invest

would result in an increase of the use of energyrgptechnologies.

Keywords: Greenhouse horticulture, Energy, Dynathiality, Adjustment costs

JEL classification: C51, C61, D92, Q12, Q18, Q48.

1. INTRODUCTION

Horticultural production is one of the most eneigiensive agricultural sectors and plays
a role in increasing the concentration of greenbogases (GHG) in the environment, and,
therefore, contributing to global climate changhe Bector's dependence on energy makes the
profitability of the firms reliant on energy costs)d policy makers focus on reducing the use of
energy by these firms.

This study is applied to Dutch greenhouse firmspsehproduction relates importantly on
the use of natural gas, causing £#nissions. Dutch greenhouse horticulture is resiptenfor
approximately 90% of COemissions in Dutch agriculture. Because of itg simd the intensity
of energy use, Dutch greenhouse horticulture haa babject to energy and climate policies on
the EU, national and sector level, since at leastlt990s, with measures such as agreements
and covenants. On the EU level, environmental amscbave received more attention in the
CAP. With cross-compliance in the current SinglgrRent Scheme, environmental objectives
have attracted more attention. An agreement coyeath major environmental issues in
greenhouse horticulture: energy, pesticides, migiand discharges to surface water, specifies
targets at sectoral level aimed at reducing enamngyt per unit of output. Additionally, grants
and tax incentives are being used to encouragenigpese firms to install energy-saving
technologies.

A wide range of energy-saving technologies are ugethe greenhouse horticulture
industry to reduce energy consumption, such asatdirmomputers, condensers, heat buffers and
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combined heat and power equipment. The latter esadpleenhouse producers to make use of
economies of scope in producing heating, elegyraniid carbon dioxide at the same time.

Dutch greenhouse firms can react to policies oegaRy factor substitution between
variable inputs or by abatement activities. Abatenaetivities imply demand for intermediate
goods, capital and labour and the accumulation efoak of abatement capital. Investment
choices of greenhouse farmers represent long-temmitments and can be seen as a solution
to dynamic optimization problems, in which diffetetonstraints, timing options, play an
important role (Pietola and Oude Lansink, 2006).e Tinaditional approach, the static
optimization framework, is therefore inappropride examining the structure of production
and investment in agricultural sector, specificallythe greenhouse sector. Environmental
iIssues in the greenhouse sector and the econorpactmof related policies has been addressed
by some studies, including Oude Lansink and VanwMiist (1999), Oude Lansink (2003), and
Pietola and Oude Lansink (2006). None of them tisesdynamic approach in their analysis.
Many studies have been based on a static systdactfr demand equations which assumes
that producers adjust instantaneously to changtfgimarket and technological environment in
which they operate (Asche et al., 2008). Althougk issumption simplifies the analysis, it is
well known that farmers do no react instantaneotslghanges in prices and other exogenous
factors, but take time to adjust (Epstein, 1981)e Tdual approach is used for examining
dynamic adjustment in agriculture by several aghétoward and Shumway (1988); Epstein
and Denny (1983); Lopez (1985); Vasavada and Ches{i©86); Vasavade and Ball (1988);
Weersink (1990); Fernandez-Cornejo et al., (1988fanou et al. (1992), Agbola (2005), Serra
et al. (2010).

The aim of the paper is to asses Dutch greenharseefs' responses to policies that
would affect the prices of different categorieseokergy inputs. The behaviour of the firm is
modelled in two stages. In the first stage, firms assumed to maximize short-term at given
quantities of quasi-fixed factors and a given eperse level. The second stage uses a dynamic
model of adjustment of the energy capital stocldétermine the optimal quantities of gas,
electricity and other energy. The possibility ofings specialized equipment to produce
electricity that is sold to the grid is also taki@to account in the second stage. This paper
contributes to the literature by a detailed dynamaxelling of the demand for different energy
components and allowing for the option of energydpiction. The model generates a number of
policy insights that are useful for the designuifife energy and G@mission paolicy.

The remainder of this paper is organized as folloWee theoretical framework of the
model is presented in the following section. Neke empirical analysis, which contains a
discussion of the data, is showed. Results, coiocissand policy implications are in the final
sections.
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2. THE MODEL

In the first stage, the restricted profit functiditms take energy input as given. This
means that firms are assumed to be maximizingtpeofiditional upon the amount of energy-
use. The restricted profit function for a multi-put production technology is:

@ APO:Z0.E) = max Y{PY;:Z®).EQ DT}

(Y.2)T (B) <

where the restricted profit function depends upoites (P) , netputs (Y) and is
conditional upon quasi-fixed factors (Z) and quigrif energy-use (E).

This modeling framework assumes weak separabilitydsen energy netputs and the
variable inputs. It implies that the marginal rafesubstitution between netputs is independent
of the quantity of other inputs and outputs (Charmp&988). Therefore we can aggregate our
energy netputs ifE=(e,...,6y), which is a vector of allocated energy neededttier outputs,
total amount of energy neededss

In the second stage, we assume that farmers mmithie discounted sum of future
energy costs over an infinite horizon, producindeast energy output leve, A greenhouse
firm has three main inputs for energy, namely gelectricity and ‘other’. Large Dutch
greenhouse firms are also able to produce elggtiarid sell electricity to the grid as an extra
output, and therefore we model the cost minimizafiamework with two different outputs:
electricity sold to the grid and energy quantiB, Adjustment costs are expressed as the
reduction in energy output that results from theediion of resources away from energy
production when stocks of quasi-fixed factors dranged.

) J(W,r,E,EI,KO,t):minje‘"[V\/X+r'K]dt
0

S.t.:
K=1(t)-K(t), KO)=K, K({)>0forant
[E), EI(t)] = FIX(t), K@), K (), T],

where K is the stock of energy-capital, relate@nergy-using equipment; X is a vector
of the inputs consisting of electricity, gas, othaergy, at prices w; El is the electricity outdut;
is the gross rate of investment in the quasi-fixguit; r is the (constant) rental rate of capital,
is a real discount rate; ardis the rate of depreciation of the quasi-fixeduinpnergy-using
capital. F is a production function describing the transfoliovaiof energy inputs into outputs.
K is rate of change of energy capital and is incluidethe function to reflect internal costs of
adjusting quasi-fixed inputs.

The value function is assumed to be real valuedi-megative, twice continuously
differentiable, non-decreasing in w and r, decrepsih K, and concave in w (when positive
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input) and r (Epstein and Denny, 1983). Under thazsaditions, the Hamilton-Jacobi-Bellman
(HJB) equation is:

3
rJ (w,r,E, ELK,t) =min{[w X +1'K]+J, (I =) +@(E - F[(X(t), K (t), K (t),t]) +J,

where ¢ is the Lagrange multiplier associated with thergmpgroduction target and can

be used to estimate the shadow price of an exttpubwf energy, by formulating the
optimization problem as a sequential decision &eéanou (1989)). The HJIB is interpreted as
the sum of netput costs, rental costs, adjustmests@nd the shadow price associated with the

amount of energy productiond, is here the shadow price of the quasi-fixed inpgtput

demand equations are obtained by Shephard's Lenie. conditional demands for the
variable netputs and the net investment demandiequare:

(4) X" = er(W,I‘,E,ELK,t)—JpK(W,I’,E, El, K, t)K —th(w,r,E, El, K,t)

()
K =(-Jr) * K+ g (w,r,E,ELK,)*[rd o (w,r,E, ElLK,t) + I (w,r, E, ElLK,1)]

The subscripts indicate partial differentiation.will be assumed that C satisfies all
regularity conditions (Epstein and Denny, 1983).

3. EMPIRICAL SPECIFICATION AND ESTIMATION

Two different functions are estimated in this papeor both functions a flexible
functional form has to be chosen. Moreover, we rassthat individual firms have access to the
same production technology, but that firm-sped#ictors put constraints on the feasible points
of the set of production options. This assumptian ©e incorporated by the fixed effects
transformation. By including fixed effects, timevariant quality differences in inputs between
firms are controlled.

For empirical analysis of the restricted profit d¢tion, the symmetric normalized
guadratic (SNQ) function, which is a flexible furoetal form, is chosen as an approximation of
the true profit function. This form is chosen besmthe function treats all inputs and outputs
identically and does not single out an arbitrargsgn input or output, such as the normalized
quadratic function (Diewert and Wales, 1987; Koh893).
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3 3 3 3 4 4 4
N=YaP+ (000" DY PP)+ V(O 000> 64Z.Z,)
(6) j=1 j=1 j=1r=1 =1 n=1 m=1

3 4 3

+2. 2. %P2+ pPT
=1

j=1 n=1 j

where Z denotes quasi-fixed inputs: land and chpitae latter excludes energy-using
capital, but includes buildings, machinery and otguipment. To simplify the mathematical
expression, both output and variable input pricesrecluded in the vectd?. This means the®
is a netput vectofl represents a vector of average shares of netptisal costs plus revenues,

p, equals the sample mean. In order to identify altameter, additional restrictions are

imposed:(zyjr P)=0

Netput demand equations for aggregated outputaggregated materials are obtained by
Hotelling’s lemma. The netput demand equationsemtémated by the iterative 3sls method.
This method is chosen because there may appe&tat@mn between the endogenous variables
and the exogenous variable energy-quantity.

In applying the dynamic cost-minimization framewpotke normalized quadratic (NQ)
function is a flexible functional form which safysthe conditions (Diewert and Wales (1987).
With the NQ function, one price is used as numérdihe firm-specific effect is introduced in
the cost minimization framework by including dummitr each firm. Using a normalized
quadratic function:

()

J(w,r,E, El,K,t) = (a,8,8;8,a58;) E +1/2(Wr)[A11 AiZ}[WJ

El A, A, LT
K
_t_
B, B, B, B, =
11 12 13 14 EI C]_]_ C12 C]_3 C14 EI
+1/2((E EIl K t)B, B, B, B, < | ) ’ <
CZl C22 CZS C:24

t t

Prices of gas and ‘other energy’ are normalizedguthe price index of electricity input
to ensure that the value function is linearly hoerapus in prices. Symmetry is maintained by
requiring A,=A,1,B15=B51, B13=B3;1, B1s=B4;1, B»s=Bs, B,,=Bs, and B,=Bs.The intertemporal
version of Shephard’'s Lemma is derived by diffeéedintg the optimized HIB equation (eq. 3)
with respect to w and r. We expected, however, thatinvestment demand equation was
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different for the firms were investment is negatizero or positive. Because investment is here
used as a censored variable, an ordinary regressialysis could cause selection bias. We
counted, therefore, for this selection bias by wpgl Heckman’s procedure via an ordered
probit model. Our independent variable is investnvamich is be ranked as zero (negative and
zero investment) or as one (positive investmer@sjdeé Lansink and Stefanou, 1997). Control
variables were normalized energy input prices, ggneapital and time. Because our dataset
only had 6 negative investments, we used the bipait model. The estimated parameters of
the probit model are used to calculate the invbti#le ratio (imr), which is then included as an

additional explanatory variable in the investmeatdnd equationK+ =gX +o*imr+¢.
This gives us the following empirical specification

8)
K = (iU —C,,)K +iC,,(a, + a,r +a,r +C,E +C,,El +C,t) + C,tC,, + 5,D +a,imr

where U represents an identity matrix of same dsimenas M. This equation is a

multivariate accelerators model with an adjustmeatrix K* = (iU - C,,)(K — K*) where

K*is the steady stock of energy capital; D are thea-Bpecific dummies. The conditional
demands for the other two energy variable netputisttae conditional demand for the numéraire
variable netputs are:

9) X" = i(a, +a,w+a,r+C,E+CpLEl)+Cp(k - K+) +Cu,(t-1)+o,D
(10)

X, =i(a, + a,E + a,El +%EBHE +%EIBZZEI —%wanw—%razr —a,Wr) +a,(iK -K")

+EB,(IK —K*)+EIB,,(iK —K*) + KB33(%iK —K*) +1B,,(IK - K*) +a,(it 1)

+ EB,, (it —1) + EIB,, (it —1) - KB, +tB44(%it ~1)+4,D

To obtain parameter values, we simultaneously eséichelectricity, gas and other energy
demand equations and the energy capital demandti@guasing three-stage least squares
(IT3SLS). This is an appropriate estimation techeitpecause the error terms of the equations
may be correlated.
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3.1. Data

The greenhouse data used cover the period 2001-a6d@8were provided by the
Agricultural Economic Research Institute (LEI) framnstratified sample. Firms in the dataset
are representative for the Dutch greenhouse sédtir. data set contains information on output
(measured in €), and inputs of the Dutch greenhsastor, more specifically on the following
inputs: capital stock of buildings, machinery, ailsttions and equipment in general and capital
stock related to energy-saving equipment, expereditan gas, fuel, heat, electricity, pesticides,
fertilizers, seeds, plant protection, fertilizerslalata oragricultural land and labour.

The data set used for estimation of the restriptefit function includes 896 observations
on 211 different farms. For the restricted prafimétion, we have 2 variable netputs (output and
materials) and 5 quasi-fixed inputs. Four fixedutgpare land (ha), capital quantity (include
buildings, machinery, installations and equipmemergy-used quantity, and family and
operator labour (hours). The total adjusted qualitsrected total labour hours are calculated by
dividing the total costs by the wage rate per hdlre quantities of output, materials, and
energy are measured in Euro’s with correspondingepndices. Tdrngvist price indexes were
calculated for the aggregation of output (consigstiagetables, pot plants and flowers), and the
variable input materials (aggregation of seedsilifmr, plant protection). Prices of output are
not known at the time decisions are made on theotisariables inputs; using expected output
prices are, therefore, preferable above actual ubufpices. Expected output prices were
computed as the first lag of the actual prices.imettrend is added in order to allow for
technological change.

Table 1a. Summary statistics of the variables irsdlae restricted profit function analysis

Variable N Mean Sd.
Output (aggregated) (€*1000) 896 1110.25 881.29
Capital (€*1000) 896 495.36 512.13
Energy expenditure (€*1000) 896 162.37 144.78
Materials expenditure (€*1000) 896 318.41 367.12
Labour (hrs) 896 25.04 23.52
Land Ha 896 2.441 1.74

For the cost function, we have 4 variable netpatscfricity, gas, ‘other’, and cost of
capital) and four quasi-fixed inputs. The four ddfased inputs are energy quantity, electricity
output, energy-capital quantity (include machindngtallations and equipment), and time.
Implicit quantities of the energy inputs are congulias the ratio of costs and a corresponding
price index. Expected prices of energy inputs @®&dun the estimation as the first lag of the
actual prices. A Toérngvist price index was caleedhfor the aggregate quantity of ‘other
energy’ (consisting of fuels, heat, ‘other’ and &m@as). The price of capital is calculated by
the depreciation plus the interest rate. The pridexes and the rental price of capital vary over
years, but not over the firms, implying that qualidifferences and differences in the
composition of the input between firms are reflddtethe implicit quantity.
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Table 1b. Summary statistics of the variables usd¢lde energy cost-minimization analysis

Variable N Mean Sd.
Electricity quantity (*1000) 490 44.30 64.02
Gas quantity (*1000) 490 191.68 175.69
‘Other energy’ quantity (*1000) 490 17.49 51.73
Energy quantity (*2000) 490 253.47 209.86
Electricity output (*2000) 490 58.32 165.19
Energy capital (€*1000) 490 428.63 470.59
Rental rate of capital (%) 490 0.10 0.0094
4. RESULTS

The model was estimated over the period 2001-2@ght out of twenty-six parameters
(30.8%) of the parameters of the restricted préfiiction, estimated using 3sls, are not
significant at the 5% level. This may be causedbg-linearity of the profit function and the
fixed effects transformation. Results are analysgdneans of elasticities. According to the
behaviour of our data, the assumption that Dutefergnouse firms are profit maximisers holds,
which reflects in the positive semi-definite Hessimatrix.

Table 2. Short-run elasticities restricted profinétion (estimated standard error between
brackets)

Output Materials Land Capital Energy Labour Tedbgical change

Q. of output 0.237  -0.237 0.537 -0.022 0.044 0.404°  0.009
(0.049)  (0.072) (0.410) (0.019) (0.022)  (0.032) (0.006)

Q. of materials 0.866  -0.866" 0.651  0.139" -0.643 0.625°  0.069
(0.263)  (0.181) (1.394) (0.036) (0.042)  (0.023) (0.057)

* Significant at 5% level
™ Significant at 1% level

The elasticities in table 2 show that the supplyoofput increases with respect to an
increase in its own price. When the price of matsriincreases, the quantity of output
decreases. The relation between the output supmpdy fixed inputs (land, capital, energy
guantity and labour) is, as expected, positiveafarost all inputs. A non-expected result is the
negative sign of the quantity of output with redgedhe quantity of capital. If capital increases
with one unit, the quantity of output decreases €lasticity is, however, not significant at a
5% or 10% level. If capital increases with one ugitantity of materials increases as well. This
may be caused by more investments in machimeubstitutions effect shows between energy
guantity and the quantity of materialsthe quantity of energy increases, the quantitynaterials
decreases. For both netputs, the fixed input laaslehpositive sign, however, both elasticities
are not significant. The influence of technologiclbnge on supply of output is 0.9% per year.
The variable inputs increase with 6.9%per year ige@af technological change.

For the dynamic cost minimization framework, weiraated the model in two steps. In
the first step, the order probit model is estimafelte ordered probit model is estimated with
896 observations on 211 different firms. The negatind zero investment observations are
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deleted from the analysis in the second step, Isecatizero observation no optimal value is
achieved and we wanted to describe adjustment mivaof dynamic adjustments. The final
step is done with 490 observations on 178 firms.

The cost-minimization model estimates 745 paramatee to the firm-specific dummies.
The Hessian matrix of the cost function shows that function is concave in factor prices.
Thus, the estimated cost-minimization functionifsilfall conditions of the (dual) underlying
technology. The implication of the parameter estéwdor input demands can be summarized
by calculating the price elasticities of demandor$hun price elasticities (table 3) are defined
as the elasticities obtained when the quantity refrgy-capital is held constant and long-run
elasticities are defined as the responses wheprteggy-capital has fully adjusted to its long-
run equilibrium level. The elasticities were caételd at the sample mean.

Table 3. Short-run elasticities of energy cost-miaation function (standard error between
brackets)

Gas Other Electricity Energy Electricity Energy Technological
Energy guantity output Capital change
Q. gas -0.553 0.0529 0.500 0.863 0.050 -0.0000  0.0077
(0.143) (0.097)  (0.085) (0.088) (0.009) (0.00) (0.011)
Q.other  0.768 -3.916 3.148 2.079 -0.354" 0.001" 0.169
energy (1.563) (1.523)  (2.63) (0.710) (0.073) (0.000)  (0.11)
Q. 3.727 -0.104 -3.618" 1.459 -0.006 0.349" -0.181"
electricity ~ (0.452) (0.289)  (0.345) (0.759)  (0.105) (0.000)  (0.057)

" Significant at 5% level
™ Significant at 1% level

All own-price elasticities of the energy inputs aregative, which is in line with our
expectations. If we would like to increase the gp@roduction with one unit, the quantities of
the variable inputs increase as well. If quantitglectricity output increases with one unit, only
the quantity of gas increases while the two othpuis decrease. Electricity and the aggregate
input ‘other energy’ are complements from each tha increase of the price of electricity
results in increase of the quantity of ‘other eger@he opposite effect holds if the price of
‘other energy’ increases; then the quantity of eleity decreasesl echnological progress in the
guantity of gas is minimal, while the quantity other energy’ increases with 16.9% per year.
This may be the case when the prices of gas aucttieity increase, the aggregated input act as
substation input for them. Remarkable is that thengty of electricity decreases due to
technological change; 18.1% per year. This mayawsed by the fact that firms produce more
electricity than they use as an input.

In the long run, energy-capital stocks could adjostards optimal levels. The adjustment
rate of capital is 75.5%. This is high, also coneplato earlier findings. Only in the study of
Chang and Stefanou (1988), who performed a stutlyeimairy sector, a capital adjustment rate
of 81% is found. Long-run elasticities are showreible 4.
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Table 4. Long-run elasticities of energy-cost fumtt

Gas Other Energy  Electricity Energy  Net Electricity
quantity investment output
Q. of gas -0.552 0.0519 0.500 0.862 0.0065 0.050
Q. of other 0.767 -3.915 3.148 2.079 -0.0079 -0.354
energy
Q. of 3.67 -0.057 -3.610 2.50 -0.231 -0.006
electricity

A small number of elasticities change significantlymagnitude when analysed in the
long-run. The own-price elasticities are still nidga But for example, if we increase energy
quantity with one unit, it leads to a bigger in@ean the quantity of electricity. Moreover,
electricity responses more heavily on a changhkerptice of ‘other energy’ in the long run than
in the short run. Gas and other energy are sutegtiin the short run and in the long run. If a
firm increases its investment, the quantity of &leity will decrease. This may be caused by
substitution of the variable inputs electricitygas.

5. POLICY IMPLICATIONS

In a policy context, it is important for policy mais to understand the effects of energy
policies on the greenhouse sector and relative épa profit and their costs. The dynamic
model specified and estimated here provides a framefor assessing policy simulations. The
estimated elasticities are plausible, and can ssEsuwhe basis for analysis of effects of input and
output price policy on output and input demandc#jesl to energy input demand sources.

First, the results obtained in this paper suggdasiarate of adjustment of energy capital
towards its long-run equilibrium. Policies have maich more impact in the long-run compared
to the short-run, which implies that policy-makesifi see result of policies in the short-run.

Second, the Dutch government wants Dutch greenhouse to reduce their energy-use
and invest in energy-saving technologies and uses reastainable energy sources. From this
framework we see that if firms invest in energyngscapital, they will use more volume of gas,
but the volumes of electricity and the aggregataigrof other energy will decrease. Moreover,
an increase in energy production would also resudtn increase in the volume of gas, but a
decrease in the volumes of the other two inpusdiing electricity is done via combined heat
and power equipment, which mainly uses gas as pot.inThis is also reflected in these
elasticities and in the elasticity with respecgtantity of electricity output: If the quantity of
electricity output increases with one unit, onlg tuantity of gas increases while the two other
inputs decrease. These outcomes indicate thatlgvase farmers invest in combined heat and
power, which uses mainly gas as an input. Thesdtsesnply that incentives to invest would
stimulate the use of energy-saving technologiegrbgnhouse firms.

Third, the large elasticities imply that substitutibetween energy inputs is easy. Policies
could be directed towards reducing use of moreupotj inputs.
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6. CONCLUDING REMARKS

The ensuing discussion about policies aiming atuciedy CQ emissions by the
agricultural sector needs input on the possiblectffeness of proposed policies and their
impact on firms’ profitability. In this paper we el the response of Dutch greenhouse firms to
changing prices of energy inputs. The models addoumpossible rates of adjustment towards a
new equilibrium. This paper has shown how a geneoatlinear model of a restricted profit
function and dynamic energy netput demands of th&l greenhouse sector in time period
2001-2008 behaved. The dynamic demand equationbecased to study the effects over time
of unexpected changes in factor prices, of a cmangutput level, and of policies in which
future price changes are changed.

According to our findings, Dutch greenhouse firnehéve in the sense that they want to
maximise their profit. The fixed factor energy gtignact as a substitute for the variable input
materials. In the second stage we used a dynamielnod adjustment of the energy capital
stock to determine the optimal quantities of gé;teacity and other energy. A small number of
energy input elasticities change significantly iagnitude when analysed in the long-run. This
implies that results of a policy can be seen instert-run. Gas and other energy are substitutes
in the short run and in the long run. If a firmreases its investment, the quantity of electricity
will decrease. This may be caused by substitutidheovariable inputs electricity to gas.

A direction for further research is to simulate goex-ante energy policy scenarios and
CO, emission policy. According to our results, subgiittn between energy inputs is
uncomplicated. The costs for farmers, when a pdfcintroduced to reduce a more polluting
input, can be estimated. As last, the effects eretrergy inputs can be linked to the profitability
of the firm, estimated in the first stage of ourdab

Of course, these findings are subject to somediiois. Our approach involves several
forms of aggregation, each of which might be questd. In particular, we aggregated outputs
(i.e. fruits and vegetables, pot plants and flojversross firms, we aggregated a variety of
diverse inputs under the caption of ‘materials*ather energy’, and we took average of price
indices and quantities over each year as the abichnalyses. We believe, however, that our
empirical results provide some insight into theisture of aggregate production, the importance
of adjustment costs, and the role of energy in ¢Bugreenhouse sector.
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