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Vertical Coordination Mechanisms in a Cobweb Econom:

A System Dynamics Model of the Champagne Industry

We have modeled vertical coordination in a cobwebnemy in order to forecast economic
agents’ decisions along processing chains whentthegfer product and negotiate volumes and
prices.

The model is applied to the Champagne industryp&goducers and wine makers coordinate
grape production and trade by forming expectati@nsut final consumption, price and stock
risks. The coordination mechanisms involve longdiesek due to the 3 year wine process. A
nonlinear and dynamic system dynamics model is usedimulate short and long term
production of Champagne with lagged supply adjustse

Simulation results are crucial for stakeholderscaithe area under Champagne protected
designation of origin has reached its legal siatli

Short Title: Vertical coordination mechanisms in a cobweb Htegic relationships

Keywords: vertical coordination, system dynamics, price expgons, Champagne wine
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Vertical Coordination Mechanisms in a Cobweb of Stategic Relationships:

A System Dynamics Model of the Champagne Industry

The system dynamics modeling of key stock-and-ftelationships within an industry, and their
effects on the short-term and long-term supply @asp, in face of a growing demand, provide
insights that help explain past economic cycles @mdribute to apprehend the causes of future
ones within an industry. In modeling key variablesderlying the vertical informational
dependencies amongst the actors of an industryta&inth time delays into account, it is possible
to interpret underlying behavioral dynamics withén given economic environment, set of
resources, and decision rules embedded in institsitiThe goal of the system dynamics (SD)
model introduced in this paper is to show how therostructure of an extended organization can
explain its macrobehavior (Sterman, 2001). Analegmuprototypes designed by engineers, SD
models often are used to evaluate the repercussibmise structure that generates dynamic
behavior over time (Cloutier and Rowley, 2003; Gtasd and Smith, 2002).

This paper examines the dynamics of vertical coatibn in the Champagne industry using
system dynamics modeling. It takes about threesyaproduce Champagne from raw grapes.
Champagne makers face price risks and uncertaihignwuying grapes, the most important
input in that process. Furthermore, wine must als@roduced within the protected designation
of origin (PDO) area according to specific rulebeTcycling adjustments of supply to demand
lead to jumps and drops in retail prices, duringneenic booms and busts, respectively. This
cobweb phenomenon at the production interface dlistaonsumers and seriously affects the
strategic position of vine growers and wine makewhich have typically responded by
introducing, or amending, vertical coordination esul This resource constraint will bring
additional pressure into the functioning of theustly. The Champagne production model is
based on the specification of vertical coordinatonstraints followed by economic agents (vine
growers producing grapes and wine makers who bapeg to make Champagne) in a cobweb
economy (the Champagne market). A simulation ma@larticularly useful now because the
area in PDO used for grape production is nearirigra@on and additional pressure will be
placed on vineyard values with the set of expectatsequences on the supply response of that

system.
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The model can demonstrate how decision-makers @atégy researchers identify drivers and
levers in the industry to manage risk and uncetaiand to maintain the value generated by
vertical coordination efforts that have evolved otene. Organizations often are subject to
profound structural change and the data requireddaire about the repercussions of change
over time, using classical statistical methodsyabtt require that the change has occurred and
that it can be measured. Decision-makers oftenataaifiord that time, as they need to learn as
they go (Roy and Dutta, 2002; Sterman, 2001). Than@pagne industry case presented shows
what can be accomplished with system dynamics rdsthim particular, taking into account
feedback loops in the modeling process would leatthé¢ identification of leading indicators of

structural performance prior to their measurematit i&g indicators and the unfolding of events.

Thus, the purpose of the paper is threefold: (1rharacterize the dynamics of information
coordination in a situation where the supply reggotontains tremendous inertia and demand is
growing, while key production resources are indregyg limited, (2) to illustrate the dynamics of
vertical coordination relationships between grapedpcers and Champagne makers, and (3) to
explicitly take time lags into account in the cdaation of decisions in the industry and the

formation of price expectations and distributionoss the value chain.

The results of the research have important impboat for supplier/customer vertically
coordinated systems more generally to ease theisida-making for sustaining the performance
of their business system. As these systems becoare tightly horizontally and vertically
coordinated, more emphasis must be placed on tlt&anated understanding of the underlying
causes for these cycles in connection with vergoardination mechanisms. The illustration of
this paper stress the interest in using the approamt necessarily as a confirmatory framework,

but rather to explore, and help apprehend, theldinfp of possible future outcomes.

The remainder of the paper is organized as follWg next section presents a literature review
of the concepts associated with vertical coordamatind the cobweb economy, and an overview
of strategic issues associated with the Champagdesiry value chain. Following this, the
research methods section details the model degigta sources and model calibration.
Subsequently, simulation results are presentedlustrate the functioning of the model. A
discussion concludes.
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LITERATURE REVIEW

The literature review focuses on: (1) the verticabrdination in the theory of contracts, and
transaction costs, and on (2) the examination péetations in cobweb models used to examine
the lagged supply adjustment. Following this, gsdi facts about the Champagne industry is
provided on: (1) the contracts, or institutionanfrework, between Champagne grape producers
and wine makers, that set the specific legal rofesertical coordination between the parties,
with the set objective of meeting consumer demamd] (2) the Champagne market cycles
caused by the short-term and the long-term laggigasament of Champagne grape supplied by
the vine growers to Champagne makers who need fl@@es, on average, to get the bottles to

consumers.

Vertical coordination (transactions costs, theory @aontracts)

To generate a sustainable competitive advantageiside-makers achieve economic cost
minimization of production and transaction cost miganizational design selection (Klein et al.,
1978; Mahoney, 2004; Teece, 1984; Williamson 197®35, 1991b; Milgrom and Roberts,

1992). Vertical coordination may be reached throditerent forms along a continuum ranging

from short-term contracts to complete financial evahip, to achieve: increasing returns
(Scherer and Ross, 1990), cost reduction (D’Averd Ravenscraft, 1994), and risk reduction
(Chatterjee et al., 1992; Helfat and Teece, 1987q. study on the food manufacturing industry,
Peterson et al. (2001) suggest that the verticatdination strategy continuum can take five
major forms: spot markets, specification contrac&dationship-based alliances, equity-based

alliances, and vertical integration.

Fluctuations in the upstream stages of the foodessing chain induce time delays that affect the
global performance of the value chain (Lee etZ97). Time uncertainty leads to fragmented
markets vertically coordinated and favors shormtéactics rather than long term strategies
(Cloutier, 1999). Managers forecast consumer deneamdl anticipate the reaction of other
suppliers to the market to adjust their own supBlyonomic business fluctuations and imbalance
due to external shocks are amplified by endogemoeishanisms of production and marketing,

because of uncertain information and time delayadjusting supply to demand (Ruth et al.,
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1998). A long term strategy is in the economic re$¢ of agents in a given sector, from
producers to consumers. A long-term strategy fest@) better performance of operations, (b)
stable quality standards, (c) sound financial sibtms and (d) risk-sharing among the different

operators along the processing chain (Sterman,)2000
Economic expectations and the ‘cobweb’ phenomena

The expectations held by economic agents perfokayarole in shaping dynamic behavior in
economics and finance. They affect outcomes anthdurinfluence expectations through
assimilated learning and feedback. The role of etgti®ns is crucial in speculative markets such
as the one of the Champagne grape. Due to grapelproduction and the time required for
wine maturing, markets operate from year to yeat.l@1g-term investments in productive assets
create a lagged supply adjustment to demand. H4&/88) describes the ‘cobweb’ phenomena,
with the introduction of a theorem to explain houpply reacts to the lagged price, and the
demand adjusts to the current price. Nerlove (1988erves adaptive expectations for the
cobweb phenomena. Cobweb strategy experiments thee@ used by researchers interested in
the formation of expectations and of their impa8isbjects in experiments formulate a complete
strategy with price forecasts for all possible edabf the world. From period-to-period,
experiment subjects may learn the market supplydemdand from past period experience and

begin to form expectations (Sterman, 1988, 1989).

Since the effort by Muth (1961), the Rational Expéons Hypothesis (REH) was introduced to
generate estimates to explain price and produciyafe induced by the cobweb phenomena. A
unique equilibrium is formed at a steady-stategitere demand and supply meet, even when
demand and supply are unknown and agents only wbgast prices. But Cuthberston (1996)
found the existence of multiple rational expectagiequilibria in the form of ‘speculative bubble

solutions’.

Two major limitations have been formulated agathstREH: (1) it seems unrealistic to assume
that agents have perfect knowledge of underlyingkataquilibrium equations, and more simply
to assume they derive expectations from time sefisgrvations (Sargent, 1993), and also (2) it

seems out of reach to suppose that agents havecpkrfowledge about the beliefs of all other
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agents in the market (Schmalensee, 1976). Sewaitabrs have investigated alternative schemes
with heterogeneous naive or adaptive expectationgadents in different evolutionary dynamic
markets for the cobweb model. In such a model withlinear but monotonic demand and supply
curves, adaptive expectations with a finite past aalled fading memory learning scheme with
a constant gain factor, may lead to higher ordablet periodic cycles or even chaotic price
fluctuations (Chiarella, 1988).

Within a cobweb economy, Brock and Hommes (199881&nd Hommes (1998) show that
evolutionary competition between heterogeneouscésting rules can destabilize the rational
expectations steady-state and lead to periodichaotic, price fluctuations. Following Sterman
(1988, 1989), Hommes et al. (2000), Sonnemans €2@04), and Colucci and Valori (in press)
examine feedback in agents’ expectations by inttodyalternative learning rules to understand
actual human behavior in experiments on expectdbomation in a cobweb economy. These
experiments have shown that prices do not converge unique rational expectations steady-
state, but fluctuate irregularly around an unstatibte. They tested of how decision-makers
forecast the future in situations of knowledge sitgrhow the economic environment works, but
there is a strong feedback of their predictions dedsions on the observed state. The conclusion
is that decision-makers may have a strong abitityridderstand the impact of their expectation
feedbacks. Agents form expectations repeatedlyhavd ample opportunity to learn and change

their expectation, strategy and behavior.
Vertical coordination between grape producers anddnpagne makers

On the supply side, much prior to market constransing from consumer demand, the
Champagne industry must comply with the legal regtns on materials, method and location,
concerning both quantity and quality. Champagne&gamust be harvested from a strictly
defined production area termed Protected Desigmatd Origin (PDO) with specific
technological and agronomic requirements, includimg variety of vines grown, manual-only
harvest, maximum authorized yield, etc. But weathastuation is a risk factor affecting the
production of grapes at certain critical stages.dxample, spring frost can damage buds and the

lack of sunlight can alter the ripening of grapes.
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The principal features of the Champagne marketdelbarriers to entry and exit, technological
and storage constraints. Specific barriers to eat related to PDO rules, the three-year
processing time from the grape harvest to theddettles. These characteristics induce specific
technological constraints, and the storage oftle ktver one billion bottles aging in cellars must
be financed. The specificity of the product and thanagement of information about the
balancing of its relative scarcity in supply, anadwing worldwide demand trends overtime,
contribute to the preservation of its value. Beeaiistakes about three years from the grape
harvest until ready-to-drink Champagne bottlestoaisold, Champagne makers face market risk

and uncertainty when buying grapes.

Within the industry, Champagne makers only own Xi%e vineyards but they sell 66% of the
bottles. To fill the procurement gap, grapes anelpased from grape growers and grape growers
cooperatives. Optimal procurement and inventorycps have been detailed and examined by
Gaucher et al. (2000). Further, Gaucher e24102) have analyzed quality incentives and supply
contracts in chains of bulk wines. Giraud-Héraualef2003) have examined the legitimacy of
supply regulation mechanisms for PDO products inoHective approach as in the present
research work. They argue that such mechanismsceeduncertainty, thus encouraging
investment in product quality improvement. Decle@04) shows that Champagne makers

operating profit depends on selected distributietworks, which affect retail prices.

Champagne prices are obviously at the center ofefa¢gionship between vine growers and wine
makers. Wine makers fear more repercussions fralrcensumers if prices are not managed. To
regulate both grape and wine prices at variousestagnd procurements according to different
vintages, representatives of grape producers ane-miakers negotiate every September, prior to
harvest, within the context of an interprofessiocainmittee, theComité Interprofessionnel du
Vin de Champagn€CIVC). These agreements are subject to an auttcon by the French
Government within the framework of the EU regulatio

From 1959 to 1990, a contract governed all priceggfapes and also the allocation of stocks to
wine-makers; that is, vertical coordination linkageetween grape producers and Champagne
makerswere rigid. Two major setbacks challenged thisrayeament. First, ‘required’ prices were

not maintained when shortages of grapes were exgheSecond, insufficient grape procurement
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during growing seasons 1989-1990 fostered an aatidedisproportionate speculative market for
the maturing wine. Shipments of wine increased evithampagne makers coordinated with
grape producers who sought to limit supply. Produe¢tempted to forward integrate to capture
part of the increased value added. In particulacess was sought to a parallel market for
maturing wine, and encouraged by higher priceswime and the apparent ease of marketing

bottled products, integrated forward into bottlangd distribution.

Inevitably, the prior arrangement collapsed and vegaced in April 1990 by a more flexible
coordination mechanism with fewer restrictions, iEmto the ones found in other French wine
industries. Some supply smoothing over time has bedicipated since 1992 by a simple
mechanism through which qualitative reserves ofjyegne from good quality vintages are
stocked in anticipation of poor harvest years @gample, when frosts cause difficulties), and
then make up the yield to the legal limit. Sinc®@9grape prices were set in private bargaining
between grape producers and wine-makers, and tbues susceptible to expectations in supply
and demand. However, prior to harvest, the CIV(pses an indicative price. Three constraints
persisted: (a) harvests were limited to 15 daypsyifieyards could not extend beyond the 35,155
hectares of the protected designated area of asagim 1927, and (c) grape yields cannot exceed
the 13,000 kg per hectare.

The grape market consisted of about 18,000 sellet200 buyers in 1,200 locations. Persistence
with an indicative price was motivated by threeibasncerns: (a) allow a ‘proper’ allocation of
value added between producers and buyers of grépescilitate equal (competitive) access in
grape procurement, while respecting the diversity @ariety of participants, and (c) moderate
swings in prices in consumer markets and thus aeamesses that might threaten the fragile
supply chain. After 2000, the indicative price wasandoned in accordance with competition

rules within the EU.

In recent years, four-fifths of grape purchasesehaeen conducted using individual contracts,
and the remaining purchases occur on the spot narkke time of harvest. A typical four-year
contract enables undersigned producers a priocitgss to grapes at a price of about 35% of the
final bottled price sold by wine makers. The maneshains loosely oligopolistic since six major

wine makers purchase about 60% of grapes. Transattiransparency is strongly fostered by a
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notification system, in which the CIVC receivesamhation on the volumes and prices set for
each transaction in the market: the names of tlhersand buyers, prices, quantities, and villages
are documented. Further, the average price pexgeil(also referred to as “cru”) is computed,
updated daily and publicly available in real-timabject to adjustment until final purchase prices

are clarified about eight months after harvest.
Consumption-Production cycle of Champagne: StyliZegts about vertical coordination

Market sales of Champagne amounted to 3,9 billime®in 2004 (CIVC, 2005). On the demand
side, shipments of bottles from wine makers tor#tailers vary from year to year because of
swings in economic growth in developed countriel/(C 1992 - 2004). The question of market
access (due to the product’'s alcohol content) agt kolumes demanded by the six major
supermarket operators in France requiring congfaality and tastes may be a strong barrier to
entry and exit (cost of being unlisted leading ighhamounts of unsold bottles). Further, swings
in economic growth in Europe and North America etffeonsumer demand, and therefore the
annual shipments of bottles from wine makers torétailers. Often, a drop in Champagne sales
occurs three or four years after an economic baumen the grapes used to make the bottles on
sale were purchased at a peak price because wikersnand vine growers expected ongoing
expansion. Consequently, wine makers’ profits magtfiate a lot from year to year (Declerck,
2004, 2005).

On the supply side, decisions about the area afymtion and authorized yields, together with
short-term adjustments to demand pressures byipain@ine makers, seem to lead to a cobweb
phenomenon. As seen on figure 1, over the past tiieeades, one can observe that patterns of
consumption have exhibited three asymmetric praodaatycles with peaks of sales, and price
per bottle in 1979, 1989 and 1999, while sales @amcks lows, following these peaks, occur
following a three-year time lag (Declerck, 2004020

In 1982, 1992 and 2001, the industry faced a losedling price and high production costs for
bottles elaborated with grapes harvested threesyezatier, and purchased at a historic high price
when the consumer demand for Champagne was hidfowkitg each cycle, the mechanisms of

vertical coordination in place to mitigate temporaicertainty and financial risks, mostly

1C
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associated with the storage of bottles, were nificnt to adjust to short-term pressures in

demand, and were amended.
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Figure 1. Cycle of world shipments of Champagnelé®tersus the price per bottle (in constant guros
1978 - 2004 (Source: Declerck, 2005)
Over the 1978 to 2004 period, the average uniepgpir bottle, expressed in constant terms, has
remained somewhat unchanged. Meanwhile global sijpsnhave nearly doubled from about
150 million bottles in the late 1970s to about 3@0ion bottles in the early 2000s. On average,
this represents a 3% growth per year in demandduUetive capacity has doubled due to two
factors: (a) the increased yields per hectare viollg the introduction of herbicides, fungicides
and pesticides, leading to short-term decisions@kasing the authorized yield per hectare, and
(b) the long term factor of extending the vineyawdproduction. But, the area in vineyard is
reaching the Champagne PDO size limit establisined927. Clearly the rigid geographical
constraints impinge on real-estate prices in PDé&srand thus, this is expected to put an

upward pressure on the price of grapes and bdeslerck, 2004).

The Champagne industry current stakeholders (woe/grs, wine makers, policy makers) have
management over the course of several decades,ebobycles through the introduction of
alternative and evolving vertical coordination maeisms to avoid strong price swings that my

affect their profitability and bankruptcy risk.

11
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MODELING VERTICAL COORDINATION IN THE CHAMPAGNE IND  USTRY

System dynamics models have been employed to m@liout dynamic commodity and price
cycles (Meadows, 1970; Sterman, 2000). In the mpoedented below, the supply response and
demand relationships have been modeled using tuatatata fits. The interest in using this

approach is to anticipate how events may unfokthénfuture, and not to predict the future.

Research methods

Grape producers and Champagne winemakers desigmatament their respective strategies to
reduce risk and increase operational efficiencyeyTidentify vertical coordination mechanisms
and discover means of interaction to manage therm@tants of product, financial, and

information stock-and-flow fluctuations through 8mThe principles of system dynamics (SD)
support empirical work by modeling the materiahafcial/economic and informational stock-
and-flow, interactions over time (Morecroft, 19®terman, 2000). In this paper, this method is
employed to model the interaction among stocksottfids of Champagne wine, flows of grapes,
processing time delays due to grape production,ewaging in cellars, and information

management along the Champagne wine productiopiaessing value chain.

System dynamics model design

The objective is to design a dynamic model of thhapg and Champagne production to
understand the effects of time delay adjustmensipply after the occurrence of an exogenous
event or shock. The model calibration process asd@ated estimated parameters are described
in the following section.

The SD model as seen in figure 2 was designed afitirated in Powersiffy a software

dedicated to dynamic modeling and simulation, tpeterates results using the Euler forward
integration method. The model structure is inspifrein Meadows’s (1970) and represents a
particular type of “smooth” or regular cycle andshaeen applied to hog, beef, and poultry
productions. SD comprises a set of principles tagture feedbacks within systems. Feedbacks
loops are models within the stock-and-flow intei@ts of state and rate variables (Forrester,

1994; Morecroft and Sterman, 1994; Sterman, 2008¢. model was designed by incorporating

12
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the major structural elements of the production aimte making structure with the appropriate

time delays. The model, in mathematical form, isdied below.

Growth_in_demand Demand_forecast

Grape_bottle_conversation_factor <> Q

itial / - I ol
Initial,‘production Export_rgpte
7 L B N
/! <>Exp0rtations (| Initial_stocks
: C
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Wide_on_lattes_prodttion Production_delay
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Expected_Champagne_profits Expected_profit_including_grape_prices

Figure 2 Model of Champagne making coordinatiorhpitoduction

Model equations

Adjustments in the Champagne stocks state varigblesoted®, changes as a result of the
stocking rater). The Champagne wine inventory is lowered by thiesamption ratec] on the

local market, and by exports)( This relationship is represented in equation (1)
(1) ® =0+ (r —c-x)dt.

Equation (2) calculates the consumption rate that resalts the domestic (French) per capita

consumption, denotel, multiplied by the size of the local markeét, (



3rd International Wine Business Research Confereévioatpellier, 6-7-8 July 2006
Refereed Paper

%)) c=Al.
Equation (3) calculates exports as a residualettbhck of Champagne bottles minus the
consumption rate multiplied b§; a demand shock,

3) x=(® —c)é.
The production of wine bottles aging in cellarspatedI’, changes as a result of the harvest (of
grapes) rateh). After the fermentation process, that lasts tgitycthree years, the bottles are
ready for marketing and to become part of the Clagme inventory, and thus the stock of bottles
aging in cellars. Those stocks are lowered by thy@rapriate stocking rate)( as defined in

equation 1. This relationship is represented iraéquo (4)

(4) r= F0+£(n—r) dt
The time delay required for wine aging in cellarsransit from the grape harvest rate to the

stocking rate of the Champagne wine stock is catedlin (5)

© (N =TI A,
The grape harvest rate calculated in equation (6), augments the stockiné aging in cellars
and is the result of the production capad®y (neasured in hectares multiplied by the realized
yield (y)

(6) h=Qy.
Fluctuations in the overall stocks of bottle agingellars, that is, the total stock)(of bottles,

influence the annual average stock coverayeThe average stock coverage is the amount of
bottles that defines the long term equilibrium watkpected consumptiomj. This is calculated
below in equation (7)

(7) v=%/m.
A change in the average stock coverage influereessal to expected stock ratw)( The real to

expected stock ratio is calculated by dividing &lverage stock coverage by the desired coverage
(o) asin (8)

8 w=v/d.
The average stock coverage is the variable thahtentes the Champagne price movements. A

change, in price, influences price expectations1@¥nakers’ expectations are calculated with the
software using an exponential smoothing functidéeg &nown as the ‘adaptive’ price expectation

model (Arrow and Nerlove, 1958; Nerlove, 1958). sSTmethod is frequently employed in SD

14
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models to account for the time delay in the trassion of information “until persistent or stable
delays are detected” (Lyneis, 1980: 435, see aoran, 2000). Technically, the adaptive price
expectation specification assumes that recentrimdtion has more influence on the formation of
price expectations than does less recent informafibis is consistent with what is practiced by
the agents in the industry. The time delay undegyihe formation of price expectation for
Champagnet(= 1/ t) is a time span that grape growers ancewirakers are considering for
making an adjustment production decision. As disedspreviously, the formation of price
expectations takes somewhere between three toyfarms. Thus the integral component in (9)
divides the difference between the current prReand the exponential smoothed Champagne
price in the previous period (t - 1), that Ry), over a time spant) necessary for operators to
build their Champagne price expectatio®®EThe adaptive price expectation for Champagne in

the model is calculated as follows

(9) EP = P, + j; (P - P, )dt
The price expectation is linked to the short teutharized yield respons&’§), which is in turn
linked to desired production capacity, denoted,) ((number of hectares of vineyard in
production) by means of a table function. The yiebdained in the table function is the short
term supply response compared by means of a lofyination that selects the minimum of the
two values, since authorized rates cannot be erceethd at times, short term compressions in
yields are a possibility due to factors such asafic conditions. This logical function is stated i
(10) as follows

(10) W=min{w, ¥} .
The long term supply response for the productigracay is the result of upward adjustments as
a response to profits, denotHd that act as future incentives. These incentivesharacterized
in the model by means of a statistical estimatprofit expectationsKE II), taking into account
the price of grapes with the appropriate time lagMeen the purchase and the sale of a bottle.
This profit expectation is used to calculate theglderm or desired supply responsg)(by
means of another table function. The expansioniredyards in production can occur, at a very
slow rate, when market growth conditions are assutoebe favorable in the long term. In the
event that economic conditions take a downturis, fiir to assume that production will continue
because assets, in the form of equipment, arefgpexid vineyards in production are adjusted

over a long period of time. The rate by which hextaare expanded for productia) inh (11)
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incorporates the time delay associated with thestjent(&y) of estimated statistical fits that
calculates the difference between the long-ternrei@$DO levels@q) and current PDO levels
(Q). The long-term supply adjustment deldy) (of PDOs, measured in hectares of vineyads,
takes into account the time necessary for the ecisaking process associated with the
determination of the appropriate adjustment, given

dz _ B
(11) o= Q)&

The adjustment in the level of hectares for grajelpction is stated in equation (12)
(12) Q = Q,+[(z=(y/t)dt
where¢ is the adjustment in the number of hectares asilzdéd in (11).

Thus, the overall stocking rate {s calculated in (13) as follows

(13) r=Qy,.
The price of Champagne wine also is used to deterraonsumer demand with the deflated

average world price using a table function. Thibldafunction is based on a statistically
calibrated relationship between the price of a GQbegne bottle and the per capita consumption.

This table function calculates the consumption (@tas shown in (2).

Data sources and model calibration

The data used in the modeling process were obtdmoad publicly available source€omité
interprofessionnel du vin de Champagi@VC), 1978-2004). The CIVC publications include
time series data, technical coefficients, and itrgusxpertise in the form of commentaries that
makes explicit the industry strategy pursued ipoese to the economic conditions captured by

the model.

There are three state variables in the model, na@ighmpagne stocks, production of wine aging
in cellars, and production capacity. These inigatkels constitute baseline figures for the model
starting in 1978. Table 1 displays the variableap@ter name, the value, and the reference for

individual state variables, and parameters in tbeeh
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Table 1 Model state variable for the baseline spdaation
Symbol State variables Specification Reference
d Initial Champagne stocks (M bottles / year 190.6 AV (o
Q Initial production capacity (ha) 24,254 CIVC
r Initial wine aging in cellars (M bottles / yealr) 81 Estimated

Table 2 contains the list of parameters includethéxmodel, calibrated specifications, and

sources.
Table 2 Model parameter specifications
Symbol Parameters Specification
Reference

Y Realized yield (kg / ha) See table x1 CIvC
v Desired stock coverage (years) 3 Declerck (2004
T Price expectation delay (years) 3 Calibrated
Olg Short-term supply adjustment delay (years) 3 Dekl€2004)
Ba Delay for the fermentation of wine 2 Calibrated
&y Long-term supply adjustment delay (years) 9 Catimt
A Local population (individuals in thousands) Sdadal EuroStat

Five table functions are specified in the modettE@ble function expresses a fitted relationship.

These equations and their statistical propertiessammarized in Table 3. For each equation, F-
statistics show that all coefficients of the indegent variables are found to be significantly

different than zero at the 5% level of significamcegreater, using a two tailed t-test.
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Table 3 — Statistical estimates of the function tdbs employed to calibrate the dynamic

modelt

Dependent variables

Short term supply Long term supply

Independant variables Champagne price (P) responset) Expected profitsI{) responset) Demand 4)
Intercept 17.9** -744,718.9** -9.85 19,847* 5.52*
(5.39% (254,684.9) (1.80) (898,9) (0.000)
Real to expected stock ratie)( -18,8
(18.42)
Real to expected stock ratio
squaredy?) 16.80
(19.92)
Real to expected stock ratio
cubed ) -4,86
(6.85)
Price of Champagne wine per
bottle P) -0.280**
(0.005)
Log price of Champagne wine
per bottle (If°) 6.64**
(0.75)
Price of Champagne wine per
bottle lagged one yeal(1) 195,183.2**
(70,012.9)
Price of Champagne wine per
bottle lagged two year®(,) -16,736.7**
(6,381.4)
Price of Champagne wine per
bottle lagged three yearB.§) 476.5%
(192.8)
Expected profits lagged by three
years (ft-3) 6161.33*
(516.7)
F-statistic 1.85 15.76** 77.50** 142.18** 10,52**
R2 0.38 0,8 0,9 0,96 0,41
R2(adjusted) 0.17 0,75 0,8 0,93 0,37
N 13 16 21 13 17
d.f. 9 12 19 11 15

1 ** indicates significance for p
<0.01

2 number in parentheses indicate the standard a&frtbe

coefficient estimate
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In figure 3, the average stock coverage in the i@l@ means to approximate the relative
scarcity of Champagne wine aging in cellars witlspext to the expected equilibrium
consumption amount in a given year. This varialdtenines the real to expected stock ratio
relative to the period of relative coverage. Vaoias in the real to expected stock ratio influence
the price of Champagne directly in the model. Usiaflated data at the reference year 2001, that
IS constant euros, it was determined that the quiin price in the model for the historical data
available was €10.86 per bottle. The graph showiregestimated equation to arrive at these

estimates is shown in figure 3.

The equilibrium “real to expected ratioW) falls between 1 and 1.2, and the resulting pisce
somewhere in between €11.16 and €11.27 per betkeflgure 3). In such a case, real stocks are
just above the desired coverage and provide atbaffea precautionary measure. Within that
range, the price of Champagne remains stable. Wieereal to expected stock ratio falls towards
0.7 or 0.6, it means that the average stock coeetmgomes a lot smaller than the desired
coverage. Lower stocks lead to a higher price péteh As a result, it would limit an increase in
Champagne consumption. By contrast, when the ceakpected stock ratio is greater than 1.2,
stocks are lying higher than the desired level. tBe, Champagne price may be lowered to
stimulate consumption. The first table functionpiiiyed in figure 3 shows the relationship

between the real to expected stock price ratioth@agbrice of a bottle of Champagne.

us\

T~

0,5 0,6 0,7 0,8 0,9 1 11 12 13 14 15

Real to expected price ratio (dimensionless)

Figure 3. Table function of real to expected prit#o versus price
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The table function shown in figure 4 is the dessbdrt term supply response. The desired short-
term response yield is based on a quadratic equasoa function of the price lagged by one
period. When a stronger short-term supply is dddine wine processors, they become afraid of
grape shortages to meet demand and may accepabatitrease in grape yield and an increase
in grape price. The coordination process workHs\vis. First, a few days prior to harvest time,
the representatives of vine growers and wine psmresieet to set an official maximum yield
authorized and enforced by the French Governmerdp&s growers accept higher yields to
harvest the volume of grapes they need. Second,irargase in the price of grapes gives
incentives to grape producers to sell to Champagakers who typically pass on higher input
costs to consumers by raising the price of the yebdn short, any increase in short-term yields

is associated with higher expected Champagne arideice versa

14 000
12 000 Pra
(f) A
o \/
2 _10000 /
[}
g 90
g S /
= © 8000
s /
) (=)
< < 6000
o
‘0
8 /
4000
2000 ‘ ‘ ‘ ‘ ‘
9 95 10 105 11 11,5 12 125 13 135 14 145

Expected Champagne wine price
(Euros / bottle)

Figure 4. Short-term supply response

The third table function, in figure 5, represetits price expected profit relationship used as the

first step towards determining the long-term supplponse.
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Figure 5.Price expected profit relationship

The cost of grapes is the most expensive input resggén Champagne processing (Declerck,
2004). Recall that most Champagne makers prodssethan 10% of the grapes they need and
must purchase more than 90% of the grapes theyegso&or Champagne makers, that do not
own any vineyard, the cost of grapes is a majaatlivariable cost since the production of a 75 cl
bottle of Champagne requires 1.2 kg of grapeswlte processors’ expected profits are a log-
linear function of the cost of grapes (see table 1)
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Figure 6. Table function of consun#¥mandas a function of price

The fourth table function is the statistical estiima of the desired long-term supply response
shown in figure 6. This relationship is estimatesing the expected profit variable lagged by
three periods. This is because Champagne makersoasidering three years as the expected
long-term horizon between the moments the full ief®m the harvest of three years ago is
realized, that is: Bottles of Champagne sold aétirwre processed with grapes harvested at least
at timet — 3. Over the past several decades (see figur€iBmpagne makers were able to sell
more and more bottles. Shipments of bottles haughly doubled from the 1970s to the 2000s.
Over that period, wine processors have purchaggdvang supply of grapes from vine growers.
Wine processors and vine growers have jointly retptethe French Government and European

Commission for an expansion of the Champagne PDO.

The fifth table function is the demand curve fora@tpagne consumption as seen in figure 6. The

per capita consumption is the dependent variattégifon the price of Champagne.

The adjusted goodness of fit measur®) (R 0.37. This means that roughly 37% of the varéa

within this equation is explained by the variationthe price of Champagne alone. Other
methods could be employed to estimate the demaradfasction of the price of Champagne.
However, the results obtained are adequate withéncontext of this work. The demand for

Champagne is a curve with negative slope as driafiy normal good (Declerck 2004).
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RESULTS AND DISCUSSION

The results of the Champagne model were obtainstinmulating the demand side. Historically,
the demand for Champagne has risen globally by taBéti annually from 1978 to 2002
(Declerck, 2004). Thus, the model specificationuasss a 3% compounded growth rate in
demand over time. All other technical parametersewassumed constant. The state variables
were specified to begin the simulation in 2002. §hthe stocks of wine bottles and other

technical parameters were calibrated for the 2a32xwed levels (CIVC, 2003).

The supply side of the Champagne model is conglaiimst by the size legal limit of the PDO
area that will be binding in the long term and setby the maximum authorized yield which is

adjusted annually (in the short term).

Figure 7. Champagne wine: Impacts of a 3% growiteimand on price, total stocks and
production capacity
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In that framework, trends are clearly expressedth®y model. Expected deficit in grapes is
already perceived, both by the model and in obsktmends, since the demand for Champagne is
growing by 3% annually while production is stronglgnstrained. To meet expected growing
demand, vine growers and wine makers produce ame a6 much as possible in an anticipation

of the coming production constraint. Consequerthig,price of wine may not increase, and even
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decrease, a little bit in the short term. As lorggtlae demand continues to grow, it becomes
increasingly difficult to meet: the harvest of geaps not sufficient and stocks of ageing bottles
begin to deplete. As a result, beginning in yeat®@Q@he price of Champagne wine and grapes
takes off. Within less than 10 years from 2002 hsaig increase will affect the purchase of wine
bottles, consumers do not consume more Champagreeanid prefer not to switch to substitutes.
The cost of grapes is the major component of Chgmpavine making (more than 60%). In
reality, the wine makers’ profit may not increaseast as the selling price. The results illustrate
that a “race” is taking place between the increashe grape price, that is, input cost, and the
increase in the price of the wine bottle, thabistput. The vine growers and wine makers can no
longer improve their business. The long-term phglstonstraint, that is the PDO area size limit,
must be reviewed in order to avoid such an efftctnay take a decade to assess the agro-
climatic characteristics of soils in the Champagegion in order to define the areas suitable to
meet the appropriate growing conditions to proddbampagne grapes. The administrative and
legal process will be slow because it includes tiagons with stakeholders: vine growers,
farmers, wine makers, the French State, and EU Gssion. In short, each day not spent on
working for the enlargement of the PDO area simeitlis a day that will delay business

improvement.

Furthermore, one can observe that the price of @hagme vineyard has strongly grown during
the last fifteen years. Vineyards are mainly acepiioy vine growers. Since the price of vineyard
Is the sum of expected discounted cash-flows corfrimm the sale of grapes, economic agents
anticipate an increase in the price of Champagapeg. Champagne vineyard is the only French
vineyard whose price is growing currently. So, vgrewers’ representatives are joining wine
makers in asking for a revision of the PDO areariter to be less constrained. However, if the
value of vineyards grew threefold within 15 yedih&g model does not anticipate a strong raise in
grape price due to substitutions made by consunBrssuch an increase in price is a major
barrier-to-entry for new vine growers that are igfraf any decrease in Champagne consumers.
And they have observed stable consumption in Geymamd a decrease in Switzerland

demonstrating that the expectation of increasedwoption is fragile.

System dynamic modeling may help economic agerttsin& about the hypotheses they use to

form expectations.
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CONCLUSION
In terms of theory in a context of economic rupfuine paper models vertical coordination in a

cobweb economy in order to forecast economic agdatssions along processing chains when
they transfer product and negotiate volumes arakpiihat can be passed to final consumers.
Supply process takes 3 years and is always trgirgljust to demand. But supply is strongly
constrained by limited yield in the short term amdhe long term. So, the model provides

forecasts in rupture of the past shapes of cobweles.

On one side, the dynamic modelling of a cobweb esgnwas only explored by Meadow
(1970). On the other side vertical coordinatiomi@re and more often analysed in the framework
of new institutional economics. Here, both wayswariied to forecast a rupture in cobweb

cycles, due to strong constraints in the shortraadium term (about 10 years).

Empirical results of simulations are robust enot@ghelp Champagne stakeholders (vine
growers, Champagne markers, policy makers for PiD€srat the French State and EU
Commission) to understand better their cob-web egon cycles. Vine growers and wine makers
may take advantage of the model to understandahgegjuences of their decision:

their short term decision (every year before batyabout grape authorized yield and
price making, in order to avoid strong swings ituwoes and price with negative consequences
like bankruptcy among them

their long term decision about the impact of eaision of the PDO area or of a revision
of the PDO area.
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