brought to you by .{ CORE

View metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

Evaluating Different Growth Scenarios for Organic Farming Using
Bayesian Techniques

Gardebroek C.

4&\

b
/'g ARE

‘i&' \ﬂ!

Paper prepared for presentation at the 12" EAAE Congress
‘People, Food and Environments: Global Trends and European Strategies’,
Gent (Belgium), 26-29 August 2008

Copyright 2008 by [Gardebroek C.] All rights reserved. Readers may make verbatim
copies of this document for non-commercial purposes by any means, provided that this
copyright notice appears on all such copies.


https://core.ac.uk/display/6795024?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Evaluating Different Growth Scenariosfor Organic Farming Using Bayesian
Techniques

Gardebroek C.

Agricultural Economics and Rural Policy group, Wageen University, Wageningen, The Netherlands

Abstract - Different views exist on the future
development of organic agriculture. The Dutch
government believes that in 2010 10% of the farm land
will be used for organic farming. Others have a more
radical view: due to increasing emphasis on sustainable
production in the end all farming will be organic. Others
believe in a more pessimistic scenario in which the
recent growth in organic was just a temporary upswing
and that the share of organic farmers already reached
its maximum. In this paper different potential scenarios
for the further growth of organic farming are evaluated
using Bayesian techniques. A nonlinear logistic growth
model explaining the share of organic farmsis estimated
using available historical data for Dutch agriculture.
Various scenarios imply different prior values for the
parameters. Because of the non-linear model
specification a Metropolis-Hastings algorithm is used to
simulate the posterior densities of the model parameters.
Finally, using Bayesian model comparison techniques
probabilities can be attached to the different scenarios.
The proposed methodology is a promising tool for
analysing technology diffusion in general when different
scenarios for diffusion are possible and limited data is
available.

Keywords - Organic farming, Bayesian analysis, non-
linear logistic growth curves

[. INTRODUCTION

In most European countries the organic farmin
sector has grown rapidly in recent years. For exemp

benefits or the increased environmental legislatiah
reduced the difference between conventional
organic farming systems.

An important question, however, is how this growth
will evolve in the future. Is organic farming reall
becoming an important factor in the agriculturaltee
as some European policy makers would like to see, o
is the recent interest in organic practices just
temporary? Different scenarios for the share ohoig
farming are possible and some of these scenasos al
have been expressed by some experts. Lampkinf1] fo
example, suggests that the total share of organic
farming could become 10% to 30% in 2010 for Europe
as a whole. The Dutch government also aims at a 10%
share of organic farming in 2010. A second poténtia
scenario is more radical. The current growth iraoig
farming has led to a widespread acceptance of @argan
production among producers and consumers. This
reinforces the growth of the organic sector evememo
and eventually all farmers will produce organically
This scenario is motivated by the increase in
knowledge about organic production practices and
problems encountered, stimulating even more farmers
to switch. Moreover, conventional farmers starngsi
elements from organic production, reducing the
differences between conventional and pure organic
production. A third view is the opposite and more
pessimistic. Although there has been some growth in

he number of organic farmers recently, this growth
as levelled off already. The current share isaalye

and

in the Netherlands the number of organic farmer§0Se to a stable level of about 2.5% at most. The
increased from 439 in 1991 (0.36% of total numtfer gI"oWth in organic farming was a strong reactiorato
farmers) to 1274 in 2006 (1.6% of total). A potahti number of crises in agriculture but interest isatly

explanation for this increased interest of farmiers
organic farming is the sequence of crises in afjtice

diminishing. Increasing labour and land prices give
organic farming cost disadvantages so that it mol

(classical swine fever, BSE, FMD). Because of thes® viable in the future.

crises some farmers may have concluded that the
iSs not sustainabl

conventional way of farming

The objective of this paper is to analyze the reali

ggrowth in the share of organic agriculture in the

inducing them to shift to organic production. Othef\etherlands and to investigate how this growthtesla

potential explanations are public opinion signals,
organic product
premium prices for organic products, income suppo
during the transition period, investment subsidiax,

increased market demand for

to the three scenarios on the future of organiaitag

_{nentioned above. The evolution of the share of

grganic farming is assumed to follow a pattern
conforming to the well-known logistic growth curve
(“S-curve”) of innovation [2]. The first farmers dh



adopt organic practices are typical innovatorsBayesian techniques. This is relevant for reseasche
followed by the early adopters, the majority andvho for example estimate non-linear production or
finally the laggards. The three views mentionedaan growth functions using prior information on
be modelled using this framework, with differenaes elasticities or growth rates.
growth rates and saturation levels. The paper is built up as follows. Section two giges
The nonlinear logistic growth model explaining thequick overview of the recent growth in the share of
share of organic farms is estimated using availablerganic farming in the Netherlands. Section three
historical data for Dutch agriculture and Bayesiampresents the methodology used in this paper. The us
econometric methods. Because of the non-lineafity @f S-curves in analyzing diffusion of innovationsda
the model a Metropolis-Hastings algorithm is used tthe Bayesian approach used to estimate the S-curve
simulate the posterior densities of the modeére discussed. Attention is given to the specificadf
parameters. The advantage of using the Bayesigmiors and the procedure for model selection. In
approach is that prior information on the paransetersection four results and test outcomes are predente
can be combined with the available data in order tand section five ends with conclusions and policy
improve the estimation results. The three differenimplications.
scenarios on the future development of organic
farming imply three different sets of prior infortizan
that can be interpreted as different expert views. Il. THE DEVELOPMENT OF THE ORGANIC
Bayesian model comparison techniques are used to SECTOR IN THE NETHERLANDS
attach probabilities to the different scenariosisTih
an advantage over classical estimation approache§mpared to other European countries the share of
where it is not possib|e to compare more than thrganiC farming in the total agricultural sectortbé
models with each other. Netherlands is still rather modest. Austria forrapée
The contributions of this paper are threefold. tFirs already has a share of 9% of organic farmers. Bigo
different scenarios on the future of organic famréme ~ agricultural producers like Germany (3.31%) and
investigated and compared in an explicit empiricaPenmark (6.4%) have a higher share of organic
framework providing an quantitative insight in theproducers. However, a common observation in all
future of the organic sector. This analysis iswafe European countries is that the share of organiifey
for farmers that find it difficult to judge the gent increased rapidly in recent years. Table 1 gives an
growth in organic farming when Considering Viab|eOV€fVieW of the total number of farms, the numbkr o
alternatives for their farms. Moreover, policy make organic farms and the share of organic in the
may use the results to evaluate or adapt curreftetherlands in the period 1986-2002.
policies that stimulate switching to organic farmin  From table 1 a number of things can be concluded.
according to their po“cy goa|s (eg Speciﬁc shaf First, it is clear that the share of organic faimshe
Organic agricu“:ure). The second contribution ig th Netherlands is still rather small. Although thesailot
exposition of how to estimate non-linear S-curvés oof attention paid to it only a little more than Ifthe
innovation using observed data and prior infornmatiototal number of farms is organic. Second, the gnowt

based on different scenarios or expert knowledpes T in the share of organic can be explained by two
is relevant since in modern Society many nev@aCtOl’S: the rapld decrease in the number of ath$a

technologies are introduced that may requirélom 133844 in 1986 to 79435 in 2006 and the
quantitative analysis. Examples in agriculture e increase in the number of organic farms from 278 to
introduction of GM crops and milking robots. Thel274 in the same time span. Had the overall number

methods used here also allow for attachingarms remained constant then the share of organic

probabilities to different scenarios or views exserl  Would only be 0.95%. A third lesson from this tatsle

by experts or stakeholders on the future developmethat the growth in the number of organic farmsas n

of certain technologies. Logistic growth curves ar&onstant. Up to 1997 the average number of new
also a popular tool in evolutionary economics [Bfia Organic farms was about 27. Growth was notably

therefore the methodology presented here may al§&ong between 1997-2001 with on average each year
contribute to empirical analyses in this area. AKdth about 111 new organic farms. However, in 2004 only

contribution is that it is explained how non-linearl6 farms started using organic practices, followgd

regression models in general can be estimated usigg new starters in 2005 and 42 in 2006. The same
observation can be made on the change in the



percentage. Modest but steady growth until 1996aand a

much more rapid increase in the share between 1997- share =m (1)
2001. In 2004 the change in percentage dropped to

0.046, but rising again in the years 2005 and 2606.
is the growth indeed levelling off the last couple
years or is this just a temporary downswing?

The share of organic farmshére) evolves over
time ¢) depending upon the values of the (positive)
parameters:, f andy. Parameter: is the maximum
value (ceiling) the share can attain. With respec¢he
different scenarios considered in this study patame
a plays an important role since it sets the maximum

Table 1 Development of organic farming in the
Netherlands

Year ~ Allfarms ~ Organic  Percent.  Difference in share organic farming is believed to attain. Patame
556 133844 fa’Z”;z Org%'gg(y percentage S determines the speed of growth (rate of adoption),
1991 122606 439 09580 0.039% andy is a sgaljng parameter. _The aqlvantgge of this
1996 110667 554 0.501% 0.040% standard logistic specification is that it is sim@nd
1997 107919 579 0.537% 0.036% i i
1008 104873 205 0.879% 0.1360% _that its  parameters have_ a straightforward
1999 101545 786 0.774% 0.102% |nterpr_etat|on. A _dlsadvantagg is th_at the' resgl&
gggg g;?gg 19(?264 Cli-%i‘:f 8-15;3‘;//0 curve is symmetric round the inflection poii. This
104% 174% : L o
2002 89580 1088 1.215% 0.111% dlse_ldvantage_ led Bewley and Fleblg [6] o spem_f;ang
2003 85501 1185 1.386% 0.171% flexible logistic growth model that is not necedyar
2004 83885 1201 1.432% 0.046% symmetric and has a variable inflection point.
2005 81830 1232 1.506% 0.074% H in thei irical . ; )
2006 79435 1274 1604% 0.098% owever, in their empirical comparison of various
Source: [4]. logistic growth specifications, Meade and Islam [7]

found that the standard logistic growth specifimati
outperformed this flexible specification.
There are a number of options available to estimate

. METHODOLOGY the non-linear equation (1). A classic approachois
o _ _ linearise the equation and regress the logarithmhef
A. Logistic growth curves for organic farming log-odds ratio on time using standard estimation

_ . _ techniques (see e.g.[5]). However, this is onlysjiae
In section two it is observed that the growth ie th if the parametew is fixed and known. An alternative
share of organic farming started rather modest by to estimate the corresponding differential eipumat

increased in the late 1990’s. This observationg]. It can be shown that equation (1) is the sotuto
corresponds with the early phase in the well-kn@wn the differential equation:

curve for diffusion of technological change. Difis
S-curves have a long history in economic analys@e (  gshare
e.g. [5]). The assumption that diffusion follows &n ot
like pattern is based on discerning different gsoop
adopters. The first to adopt are typical innovatdise
technology is new, not well-known and there is no&
much experience. Innovators are willing to spentkti
on learning it and take some risks. This corresponcﬁ

)[’Z)'tgéze t'n;tr'gl ILag Zir-tzgrlégee?;\-r?ur\;?ijpeisnei—lﬂ;Se tIess flexible. Moreover, proper estimationofaind
P y pLers. rilgquires imposition of a parameter restriction lie t

Leecchonncw)g)sgymgsecogee: a\(;\(l:r?g:]edtheandma':)hrﬁ S{;glo” odel, basically leaving the model non-linear in
P Jonty PBarameters. A third option is to estimate the noadr

growth is at its fa_lstest rate. Finally the laggaadspt, model directly using a non-linear estimation tecjuei
corresponding with the upper flat part of the Sveur (e.g. Nonlinear Least Squares (NLS), Maximum

In this paper it is assumed that the share of ®IaN jkelihood (ML) or Generalised Method of Moments

far%]:ng f[oll?jwsda S-(;ﬁrve E:.att?m' ification f GMM)). However, using classical estimation
€ stanhdard mamnematical specification for an echniqgues (NLS, ML or GMM) to estimate the

curve is the logistic specification: parameters of the logistic specification (1) has a
number of drawbacks in general and some in

= ,BE‘share—g [$hare? (2)

By estimating the discrete-time version of this
ifferential equation the essential parametei@ndf
an be obtained. However, this indirect approadsdo
ot allow for estimating the scaling parametesop it is



particular for this study. First, the parameterandg  distributiong ~ N(0.4,0.2). Finally, based on observed
are positive by definition, something that is notshares of organic and the range of specified pfmrs
guaranteed using classical econometric methods: andg, a reasonable prior foris y ~ N(20,6). Note
Second, using classical estimation approaches it ikat for the different scenarios we keep the priorg
possible to test specific hypotheses on paraméteags andy the same. Besides prior distributions on the three
Ho:a@=01 or Hy,: @=1 but if a specific null parameters we also need to specify a prior didtabu

hypothesis is rejected the alternative hypothdsisis ~ ON the error preci_sioh_s. The specified error precisio_n
not very informative. In principle all the formuéat reflects our belief in the strength of the prior
scenarios on the development of organic farmingistributions for the three parameters and is,ine |
could be rejected, or the opposite, none of thets geywth the literature specified as a gamma dlstrd_nmn
rejected, leaving us indecisive on what model istmo -€- b ~ G (1000,1). The mean value of 1000 in the
likely to prevail. This all-or-nothing approach of 9amma prior implies an expected error variance of
hypotheses testing does not sharpen our beliefstab®-001, or an error standard deviation of 0.0316¢ckh
which model is most likely to prevail [9]. Thirdng S€€ms reasonabl.e in this application since observed
amount of data used in this study is limited (oply Shares of organic do not vary much and are all

observations) and therefore large sample properti®§tween 0.002 and 0.016.

parameters are obtained using Bayes rule:
B. Bayesian estimation of non-linear models

(¢ 1y, )= P 1E M Jplo' 1M ) -
Because of the drawbacks of classic estimation P 1Y:Mi P(Y|Mi)

techniques, a Bayesian non-linear estimation

technique is used in this paper. See [10] or [BEld  \heren; denotes one of the three different models
thorough discussion on Bayesian econometrics. Wit{p]at we Iconsider based on the three scenarios

Bayesian techniques, prior information on the (i ) . o
parameters (e.g. positiveness) can be includetién t P\’ [Mi] denotes the prior distributions of the

estimation procedure. Prior information is alsofuse parameters@ in model M p(y|9i,Mi) is the
in applications with limited data available suctthe |ikelihood of the datay conditional upon parameters

case in this study. In this study the prior infotima i _ . . .
on parameters is based on the different scenapios fe and modeM;, p(yI Mi) s the marginal likelihood

the future of organic farming that were discussed iand p(H' |y,Mi) is the posterior parameter

the introduction. These different scenarios implyprobability.

specific prior distributions for, the assumed ceiling  Summarizing the expression for the non-linear
of the share of organic. For the 10% scenario Wpygistic growth curve as (t,6) and assuming that the

assumey ~ N(0.1,0.0%) as prior distribution for °.  ciquals  are normally  distributed e

The choice of 0.01 for the standard deviation iepli 4 i, .

that we assume that 95% of the probability mass i§ ~ '\_l(ON’h 'N)’ allows writing  the likelihood
between 0.8 and 0.12 (66% is between 0.9 and 1.fyinction:

For the full transition (100%) scenario it is assam

thata, ~ N(0.975,0.03) and for the pessimistic (2.5%) p(ylHi,Mi):

scenariogs ~ N(0.025,0.0025, so that here 95% of N

the probability mass between 0.002 and 0.003. A h* [ _D( _t o)y - f(t.6) (4)

realistic prior distribution forf can be derived by (271)% y ! y :

dividing both sides of the differential equatior) (&

share, so thatp can be inferred from observed growth ] ] o ]
rates and different values far. This gives a prior _Thg resultlng_po_sterlor density is proportionathe
prior times the likelihood:

1 This problem also appeared when equation (2jglhjtivas
estimated using OLS, resulting in a negative patanestimate
for a.

? Note that priors are indicated by a lower lgrend posteriors by 2 The error precisioh is the inverse of the more commonly know
an upper barg ). error variance, i.en=1/¢>.




Table 2 Posterior means (standard deviations in

Nz

p(6.h|y) 0 p(6,h) h 0 parentheses) for four different models
L L N
272 (5) 10% scenario  Full transition Pessimistic ML model
2.5%

h . a 0.098 0.974 0.025 0.046
{exp{-i(y— f(t,H)) (Y‘ f(t,g)):l} a (0.010) (0.010) (0.0025) (0.017)

B 0.225 0.385 0.261 0.135
(0.086) (0.119) (0.123) (0.017)
. : : T 27.711 31.729 17.962 25.030
Note_that there is no analytical sol_utlon to this ¥ (2.860) (3.245) (2.557) (4.199)
expression and therefore the posterior parameter 18497 14580 19681 20595
distributions can only be obtained using posterior (6072) (4888) (6159) (6376)

simulation techniques. Due to the non-linearitythu#
logistic growth function f(t'g) we use a Random The posterior densities for for the three different

Walk Chain Metropolis-Hastings algorithm [11], to scenario’s are all more or less similar to the Byset
simulate the posterior density. prior densities, indicating that the priors had muc

After obtaining the posterior parameter densities W!nfluence in estimating these parameters. This

can interpret the parameters and compare the modérpgluence could be lessened by specifying larger

based on different prior distributions related he t iﬁigs:{g dde;gatlgg(;sﬂlgnth%pr{ﬁrede:s(let(l:eizﬁse. dHO\g[‘;i%;r d
three scenarios. Attaching equal prior weightshe t deviations were based on thep three  SCenarios
different scenarios on the future of organic fammin

the three models can be compared using the Bay(égnsidered and are also limited by the limited eaaf)

_ L . “valuesa can take. Moreover, the Bayesian approach
factor, BF; = p(yl Mi)/ p(yl MJ)’ which is the ratio was, among other reasons, also motivated by the fac

of the marginal likelihoods of modelsandj*. The that only 21 observations are available. An
Bayes factor indicates how likely one model isexplanation for the strong impact of these priduea
compared to another, thus providing a direct aedrcl is also the fact that the share of organic farnmsnsfill
way of comparing different models and showing howyrowing and that the saturation rate (ceiling dris
Bayesian techniques solve the criticism on theoall- still far from being reached so that this paraméser
nothing hypothesis testing approach in classicalard to infer from the data. It is also interestig
econometrics that was discussed above. observe that the ML based model estimates a
The only data used in estimation are the observagélaximum share of 4.6% for organic farming.
shares of organic farming in the period 1986-2006, The parameter estimates foandy are less affected
given in the fourth column of table 1, yieldingmal by the specified prior distributions, although fitosid
dataset of 21 observations. be noted that the specified standard deviationse wer
also larger for both parameters. Not surprisindlg t
rate of growth parametgf was largest for the full
IV. RESULTS transition (100%) scenario, i.e. 0.385. Posterieans
) ) _for p for the three scenarios were all higher than the
The posterior simulators were programmed in - estimate. Finally, the estimated error precision
Matlab. To simulate the posterior densities, 2750055 higher in all cases than then specified pridue

draws were taken, from which 2500 initial (‘our}in - jnqicating that the prior choice was rather conative
draws were deleted. Besides the three models lwasedp o e Figure 1 shows the different estimated lagist

the three scenarios, a fourth model with prior @& yrowih curves for the time period 1986-20086.
based on ML estimation was estimated for

comparison. Posterior means of parameters for these

four models are given in table 2.

4 Note that if different weights are given to théops, in case we
believe certain scenarios to be less likely th&ueigtthe Bayes
factor can be multiplied by the prior odds ratesulting in the
posterior odds ratio that can also be used for hmamaparison.
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Fig. 1 Estimated logistic growth curved for the rghaf organic farming, 1986-2006

The main objective of this paper was to compare th€he pessimistic scenario of only 2.5% does betier i
probabilities of different models based on différenthis comparison being only half as likely as the
scenarios for the future of organic farming. Gitka outcome of the ML model. Of the three potential
estimated models where prior beliefs are updated tscenarios considered in this analysis the pessimist
the information in the data it is therefore intéiregto  scenario 2.5% dominates the other two scenarias. It
compare the Bayes factors corresponding to thabout 10 times as likely as the 10% scenario and
different models. These are given in table 3: nearly 300 times as likely as a scenario of full

transition.
Table 3 Bayes factors for different scenario’s
(P(scenario i)/P(scenario j))

i 10% Full Pessimistic ML model V. DISCUSSION AND CONCLUSIONS
j scenario  transition 2.5%
10% scenario - 0.033 9.846 22.949 ; ; ;
Full transition 30.078 - 296.156 690.274 Thls paper uses a Bayesian approach to estimate
Pessimistic 2.5% 0.102 0.003 - 2.331  nonlinear logistic growth models to analyse theagho
ML model 0.044 0001 0.429 - in the share of organic farms in the total numbkr o

farms. Three models based on three potential sosnar

A Bayes factor larger than 1 indicates that madel for the future of organic farming, implying differe
has a higher probability than the comparison modeprior distributions, were estimated and compared on
None of the models reflecting a particular scenano the basis of Bayes factors. The three scenarios
the future farming (10% scenario, full transitionconsidered are a final share of 10%, which
(100%) scenario or pessimistic 2.5% scenario) hasgdrresponds by the target set by the Dutch
higher probability than the model with priors basedyovernment, a complete transition to organic fagnin
ML estimates. In other words, a final share of 46% and a scenario of stagnating growth in the share of
about 23 times more likely than a share of 10% angrganic resulting in a final share of only 2.5%.eTh
690 times more likely than a full transition sceoar results indicate that this last pessimistic scenisrihe



most likely of the three, given the developmenthef Hoboken
share from 1986 to 2006. However, all three scenari11. Koop G (2003) Bayesian Econometrics. John
based models are less likely than a benchmark model Wiley and Sons, Chichester.
based on non-linear ML estimation of the logistic
growth function. This ML based model predicted &- Gardebroek,_ Agricultural Economics and Rural i_d?/olGroup,
final share of 4.6% for organic farming in the\slagenmgen Lfnlv_e.rsny. Hollandsweg 1, 6706 KN Waggen, The
etherlands. E-mail: koos.gardebroek@wur.nl
Netherlands.
The methods used in this paper have interesting
potential for further use. First, combining prior
information based on plausible ranges of parameters
may help in estimating logistic growth functionstth
are often used in studies assessing technology
diffusion when only a limited amount of data is
available. With limited data, such assessments are
often based or complemented by ‘expert’ views or
scenario analyses. The methodology used in thisrpap
allows for attaching probabilities to such expeadws
or scenarios, based on the available data. Inataisit
is possible to assess the plausibility of theseesdxp
views or scenarios.
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