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ABSTRACT

Using System Dynamics as the primary tool of investigatien, an
attempt has been made in this paper to present (i) a general model
of semmedity price fluctuation, (ii) a price stabilization pelicy
based em buffer stock, and (241) the impact of the policy on the
lemg %orm grewth of the commodity industry, The model has been
tested for the case of Indian Tea, :

Average wnit cost of the commodity at the paint of sale, epe-
rating profit margin desired by the sellers (oomputed on the basis
of average quality of supply), actusl imventory, and the average
sales rate are considered as the chief determinants. of the commo-
dity price, Cirocular relatiomships among these variables have been
considered to generate the price fluctuation over time. While tost-
ing the price stabdlisation policy, the model considers iis opsra-
tien phase, It is shown in the paper that such @ price stabilisza-
tien pelicy tremendously boosts the overall leng texrm growth of the

industry.

1. INTRODUCTION
Commedity price fluctuation and its adverse effect on the porfor-

mance of the commodity industry are well~recognised problems, Hewever,
while there are numerous oxplanatory models for comodity price fluc-
tuation (for example, the classic Cobweb model and its various rami-
fications (Bsekiel L-lJ, Ackerman L—z], Nerleve [ 3_7 econome tric
model of Weymar /4_7 based on the setting of dynamic feedback loop
mechanisms; and system dynamics model of Meadows [5_7, ate.), ene
Tarely comes across models which teat the offect of prioce fluotuation
on the industry pgrformce. Similarly, although often price stabili-
sation policies are attempted, their impact on the growth performsnce

of the commodity industries &re very rarely studied and assessed.

4 possidle cause why a partisan view of such an important problea
has been taken is th_at traditionally only economists have taken inte-
rest in the study of commodity prices end commodity demand, who have
chosen to aldp the 1ntr1catu' details of mansgement of c&modity indus-
tries, possibly because of th;j.r specialised background and their
general approach to modelling with which they stratify economic pro=
blems into either miocro or macro type but rarely a combination of the
tvo, The areas skipped usually are the production and distribution
aspects, capacity investment plans, etc. On the other hand,- the new
brand of management scientists, while delving greatly into the produc~
tion :gnvmtory Problems, rarely consider pricing and marketing problems
surrounding commodities and ususlly visualise the problem as a set of

dinuc:o‘utod and separate ones,
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Tandon Committes on Tea Marketing L_9_7 stressod, emong other things, 427
on the meed for a study on price stabilisatien through creation of
btuffer stooks natienally and internationally.

Curve 4 in Pig. 28“depicts the variation ef average monthly tea
prios at Caloutta auction centre, and preminemtly shows the short
term ene-yoar oyole pressnt in the fluctuation. The present papsr
concerns 1tu1!‘ primarily with stabilisatien of short term prices of
tes, and reperts the results of e medel which shous how creation and
operation of a duffor stook can net enly stadbilise tea prices but
can alge subgtantially boo.'t the overall future jrwth of the industry,

-3, TER SYSTEN DINAMICS MODEL OF THE INDUSTHY

Afho tea induatry Bodel 1s organised into four sectars, These are
(1) Bemestic msrketing, (ii) Productien, (i1i) Export, snd (iv) Ressaroh
fﬁd bnlqu sectors. BRach sector in twrm ig subdivided inte various
subsdoters. The medel consists of 8>puro level equations, 16 third-

ordor delaye, and 44 first-order samoothing level equationsa.

In the medel, domestic ;nd world tea oconasumpiion rates are the omly
two variables which are treated as exegenmous. Polynomials of order 2
end 3 were fitted te thelr pest time-series data available for the years
1965 = 77. Por both the time—series data, second order polynomial curves
gave higher values ef correlation 1ndiou. The two exogenous variables
were thus defined as second order polynomial functions of time. All

other variables were generated in the medel as Endegenous,

The initisl velues of the level variables in the model were fizsd
at their actual values in the year 1965, and the model ¥as rwn sinee
then, The parameter valuss and interactions among model variables
were based on variety of informatien seurces, swh as, daily nevs-
papers, weekly mggaxines, ‘hunoﬂ.nc. semimar and comnittes reperts,
and publications by leading professionals [ 8-14_7. Beveral vistte
were sige made to tea gardens, company headquarters, the tea research
ipstitute at Tooklal (Assam), and to the Tes Beard - the only Govern-
amt erganization responsible te streamline the activities of the
industry. A Delphi stuly was alse conducted to collect and odtaia
consensus of views of experts em varieus aspoots ¢f the indwatry,
Such a study, which ig reported olsswhere (ljhn ot al, /157 ) has
helped in fixing the model bewndary amd in medelling the strusture

of certain importent decision fwnctions.

Pig. 3 shews the dominant ocawsal relationships considered im the
original medel. Hewever, no attempt is made in this paper te diacwas
the medsl. MNany other publications / 16-19./ have been follewed te’

choese submedel structures and paramster velues.

3.1 The Validation of the Kedel 3

id.aly based on Forrestsr's [zo. 21_7 I.h; of reasoning, a very
‘elaborate schems has been follewed to validate the tea industry medel,
The schems is broadly bised em the fellewing euﬁna 3

A. Rolevant model objectives. .

B. Nodel structure amnd details adegquate te gonerate pr‘ono-

symptens similar to the actusl system.
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Ce rhud.blo_ behavioural characteristios generated by the -6“1
under carefully chesen extrems conditiona. 5tep, sinuseidal, 428
Tamp, and rendom variations are usually added to the oxege-
nous variables for exoiting the medel.

P. Partial model validation of individual seotors of the model.

Bach ﬁctor of the model is ales tested for its plamsible
behaviour by helding most of the inputs coming from other
sectors at constant velues anéd by changing only the most
important input variable.

E. - Hoedel analysis requiring running the model with realistic
input conditions, comparing the behaviour with the past
behaviour of the real system, and boi;ng able to explaim the
results from the imflusnce diasgran.

F. Sensitivity teeting en the model for varistions in (1) para-~
meter values, (11) shapes of table-functions, (111) initial
values of the state variables, (iv.) modelling substructures,
and (v) the computational parameter which is used only to
simulate tho model,

@. Consultations with roal system managers during all the stages
of model bullding.

For the purpose of validatien, the tea industry model was rum
wmder 21 chsnged conditions snd the results were amalysed and compared
with the staadard run, While the model bshaviour with regard to the
shert-tera )_rin Tluctuation did net show any remarkable change in
respenss te all the test, the behaviour related to long-term growth
of the industry were affeoted by some of the changed conditions,

4, ARALYSING PRICE CHANGES AT INDIAN AUCTION
Price changes at Indian aunctien are una]tysod on the basis ef oau_l}l
mechanism underlying price changes at auction and by & thereugh exsmina-

tion ef the model conoritol price pattern in the standerd rum.

4.1 Analysis of Causal Nechanism s
Tea price at auction basically depends on demand, supply, snd
suppoert price of tea., As disoussed sarlier, support price of tes

depends primarily on average production cost and quality of supply.

Tig. 4 depicts the prﬁo - demand interactions at auction centres,
Higher auction price relative to aversge suction price in the past recog-
nised in the past leads te lewer desired inventory at wholesaler and
alse raises the order fer ex-garden sale, resulting in lewer purchase

decision by wholesalers from auctien and causes auction price te go

" down. Thus a negative feedback leop dominates the demend - prioce

rolaﬂonlhip.

Fig. 5 depicts the price - swpply interactions in tersms of four
interactions negative feedback lodpa. On a short-teram basis, the
facters most affecting supply of tea are scasonality, quantum of
sgrioultural inputs, and plucking style; the other factors such as
tru. wder tea cultivation and effect of R&D effort on yield have only
leng-tern impact on the supply ef tea, and are. ikippod froa the present

analysis of short-term fluctuatien ef tea price.

Higher auction price leads te cearser plucking and higher fund for
agricultural inputs as a result ef favourable total fund pesition,
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Coarser plucking reduces the evernl_.l quality of tea r-uulting in a 429
reduced pressure on good prices. Cearse plucking coupled with

nassive use of agricultural inputs r:uult- in high tea production

rate. This weakens the pressure fer a sustained high price because

of a reduced unit rroduction cest and the high inventory cover,

It is, however, trus that seasenality plays a significent role
in centrelling tea leqves available fer plucking and in the supply
of tea to smotion centre. In fact, it predominates over other

facters in the case of tea.

Tig. 6 shows the coubined demand-price-supply interactions.
The interacting negative feedback leops explain the fluctuating

nature of tea price at the auwotien oentres,

4.2 Analysis ef the Model-gsnerated Behaviour :

The model was simulated using DYROSIN (_3ora and Mohapatra [ 22_7) R
with the solution time interval, DI, equal to 0,125 month and the
initial values of level variables squal to thaeir actual values at
the start of the year 1965. Hovever, 1965 valuese of certain lovolT
variables were not available. Initial values have been assumed for

these cases.

The fluctuation of tea price at Indian auction over the years -
1965 threowgh 1977 has been shewn in Mg.7. Fig. 8 is plotted at
veokly intervals and depicts the behaviour of severszl variables

 representing the supply and demand of tea at different times ef

the youar,

The dominant effect of seasonality is obvious from the figures,
The price fluctuation beyond 1971 is quite norial. vhereas that
during the initial years 1965 threwgh 1971 is not quite expected.
This is probably due to initialisation errer which has created
dynamics not attributable to the fundamental ferces in tbe medsl.
Thus our milyail has been confined te the model behaviour beyemd

1971,

Average suction price usually pesks during July-sugust and
elumps during Pebruary-March, During pesk production tims, direct
sale from garden, shipment to auction snd tea arrival rate at auc-
tion reach their peaks. ﬁ‘hm inventery at auction is reaching its
peak after a delay of about twe menths (shipment delay, etc.).
Higher availability of tea through direct sale reduces the purchaese
decision by wholesalers from awtion. Alse expscting rise in price
the wholesalers reduce their do.oirod inventory level, In fact the
gap between inventory and desired inventory is the loweat during
July-August. The reverse phenomenon eccurs during February and

March.

4.3 Real and Hodel-Generated Dats - a Comparative Study s

Pig. 2b shews the variatien ef deflated value (with 1965 a8

" the base yeer) of actual monthly auctien prices of tea for the

peried January 1971 to December 1974, The price fluctuation gene-
rated by the medsl olosely resembles the real life pattern beth
with respect te trend snd fluctuatien. Both the deflated actual
price and the model generated price have their pesks during July-

Avgust F.nl their troughs during Pebruary-Nerch each year, Alse the

1o



dewnward price trend over the simulation run has the similarity with

the dewnward trend ebserved with the deflated real price data.

Anether interesting feature of th_ model behaviour is the exis-~
tence ¢f a leng~-tera cycle in prices (in additien to the one-year
shert~term cyocle) which has been recegnised by Roy L—a_7 and d4socussed
earlier. This paper, however, dees not present the analysis fer the

leng-tersm oycle.

5. PORRCASTING PUTURE GEOVTE BEHAVIOUR OF THE INDUSIEY

This paper dees not aim at forecasting future growth behavieur
of the Indian tea industry. Hewever, since the price stabilisatien
peliocy has been tested against the future behaviour of the industry,

a shert discuesion may be made en this aspect.

Reliakility of a forecast mestly depends on (i) validity ef the
medel and (11) validity of the assessment of changes in the enviren-
nemtal ferces acting on the real system. The question of validity
of the tea industry model has been discugsed serlier, To assess the
likely future developmemts in the tea industry and its enviremment,
a Delphi study was conducted and its main recommendations wers also
modelled, ldq.trn et al, L— 7_.7 discusses in detail hov the Delphi

results were incerperated in the model,

Seme of the deminant views ¢f the Delphi panelists regarding
the future onviroﬁnnt;l changes related to massive production plans
of tea-preducing comtries and resultant supply to world market, lewer

woerld demand fer tea due to ooqotﬁtinnou of ether beverages, higher

V4
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yield rate of Indian tea gardens due te technolegiocal innovation,
and higher demand for Indian tea abread because ef better guality

of tea.

Pig. 9 depicts the behaview of seme key variables of the medel
upto 2000 A.D. assuming that the present envirenmsntal forces will
continue to eperate and that the present policies will be follewed
in the future. Pig. 10 shows the behgvieur of some of the key
variables ¢f the medel assuming thet the envirenmental forces will
change as predicted by the Delphi panelists while the present peli-~
cies will remsin unaltered till 2000 A.D.. Table in the Appendix
below gives a summary of behaviour ef some of the key variables at
the end of the simulation run fer the cases Just cited., A study
of the figures snd the table in the Appendixz gives the impression
that mest of the variables exhibit wide fluotuatien about their
meen valuss, This is the main reasen fer the retarded growth of

the industry,

In the next sections to follew, it will be shown that arrest-
ing price fluctuation will autoutiéany lead te smooth growth

be-havieur of the indmstry.

6, PRICE STABILIZATION POLICY

6.1 In Defence of a Buffer Stock 3

The chief determinants of price are nnl;y and demand of tea,
and average mit cest of tea meld at -ﬁtion. The demand of tes
is dependent en price and is net directly oentrellable by the predu-

cers, The unit cest ef tea sold fluctuates with the production rate.



But this fluotuatieon is marginal sinoe it ocensists of a constamt part
representing manufecturing, transpertatien and selling costs, and alase
since its ;oiputution is based on two averaging proovsses, vig., the
nonthly tea production rate aversged ever a year, and depreciatien
oharges. Thus centrelling unit cest cammet previds enough leversge

to attenuate prioce fhictuutlon. This leaves supply of tea as the enly

impertant variable which could be centrelled te reduce price fluctuatien.

Thesretically, supply of tea could be centrelled at three points. .

By reducing winter dermancy the seasenal fluctwmation of supply cen be
reduced drastically., Eowever, there is ne scientific evidence te
suggoot that such a breakthrough is 1ikely ‘in the coming two decades.
8e00and, unifera delivery can be enasured 1f plucking of tea leaves is
contrelled. This doas not ssem te de a seund preposition, ®ince is
is net possible te go for higher plucking during winter nor is it
desirable to reduce plucking rate during the peak ssason sinoe this
"adversely affects the future yield rate ef tea bushes, Third, orea-
t1en of a buffer stock betwsen the supply from the garden and the
supply te the anoction centre can nuipt the fluotuating supply te

the auctisn eentre. Creation ef duffer stock has been Widely adveca-
W4 1n the past te contain price instabliity. This is, therefers,
oconsidired te be a valid prepositien te b included in tlis medel,
Hewever, many msdels in the past, while tutiu the effect of the
iuttor stock and recemmending fer its ereatien, és not explioitly

méel ite ercatien phase. This ndol. hewever, oconsiders both the

‘\ sreation and eperatien phases,

3
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6,2 Nedelling Creation and Opc_ration of a Buffer Jtock s

It is assumed that ten per cent ef the total shipment to domestio
auctien oaﬁtro- is diverted te create the buffer stock, while the rest
goes to the inventory at suction. Ne shipment takes place from the
buffer stock till it achieves its desired velus. It is further assw-
nmed that the precess of buffer stock creatien starts at the start of
1981 with an initial value of sere., The desired value of buffor eteck

is assumed to be four wesks ef average sale from auction.

When the buffer stock achieves its desired value, all the tea,
after setisfaction of ex~garden sale, is supplied to the buffer steck,

and the inventory at auction is replenished from this stock only.

The buffer stock positien is alse assumed to induce the producers
to go for coarse or fine plickiu as a measure to maintain the buffer

stock at its desired level,

Pig. 11 10 an influence diagram for the operation phase of the

buffer stock at Indian auction oontiO.

A similar procedure has been followed to create and operate

buffer stock abroad.

‘7. BRHAVIOURAL wmc!msncs WITH THE PROFOSRD

PRICR STABILIZATION POLICY
The medel has been teated with the proposed prlco atabilisation

policy in the tw environmental cenditions eited earlier.

SN



7.1 Continuance of the Present Environmental Porces into the Future

Fig. 12 shows the behaviour of a few key variables of the model

for this cass, This figure shows the reduced price fluctuation during

1987-2001 resulting from buffer atock creation. The unnatural price
fluctuation during 1984-87 is due to the duffer stocks which are crea-

ted but which are not yet operational,

The table in the Appendix gives soms more information regarding
important variables which show that price staltdlisation has the posi-

tive effect on industry growth,

7.2 Puture Environmental Changes as Viewed by the Delphi Panelists 3
Pig. 13 and the table in the Appendix present the model results.
for this case. It is observed that the behaviour of nuctj.on price
has not changed much while average export tea price has reduced. The
long-term croith of the industry, in all its finanoial terms hes

suffered, but marginally.

8, CORCLUSION

It 18 showm in this paper that creation and operation of buffer
stock can reduce price fluctuation of commodities like tea and can
boost the overall grewth of the industry., Such policies can also be
very robust in the sense that it can be conduocive to growth even in

case of wmferesoen developments in the envirenment.

The model, used to test the policies embraces a price generation '

nmode)l snd an extension model, although only the price generation model
was desoribed in this paper in great detail., The price generation

model is a very general ene and has considered facters like cover,

. price expectation, suppliers’ price expectation, consumers' inven-

tory level, production cost, quality, seasenality in preduction

and price trends etc.. In addition, the model is a dynamic one

considering interaction of feedback loeps and capturing the basic

structure of the price phenomenon.
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Price Stabtilisation

Pelicies Btandard Run
Variables Pelicy
» *+8 * L 23
Tetal Area & 389880 382680 403120 394550
Under Tea ] - - - -
(Heotars) ¢ Upward Upward Upward Upward
4 - - - -
Aversge Tea a 0.96 0.99 0.962 1.015
Preduotien b 0,26 0.28 0.315 0.29
:uto 8 /5 c Upward Upward Upward Upward
x 10 Kg/8 4 Inoreasing
Increas h‘Inorcuim Increasing
Average Bale a 3.42 3.1 4.72 4.44
of Toa b - - - -
Adroad ¢ Upward Upwvard Upward Upward
(zx 107 xg/E) a4 - - - -
Average a 4,35 4.30 4,70 4,70
Awctien b 1.10 1,00 0.40 " 0,40
Prioe ¢ Dewnwvard Dewnward Dewavard Downward _
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