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RESERVE STOCK GRAIN MODELS,
 

THE WORLD AND THE UNITED STATES, 1975-85
 

PART I. SUMMARY AND CONCLUSIONS 

It is the purpose of this study to provide policymakers
with a quantitative pictuie of an international reserve stock 
program for grains that has the capacity to provide reasonable 
stability in world grain prices. To this end we present estimates 
of the magnitudes of reserve stocks required to achieve alterna-
tive price stabilization objectives in world grain markets and 
the probabilities of their achievement. 

Assuming that the price elasticity of' deniand for all 
grains on a world basis is . I and that fltuctuations ill total 
grain production from 1975 to 1985 will approximate in mag-
nitudefthose for the period 1950-73, market prices could be 
expected to vary about the mean equilibrium price (hereafter
called target price) by about 27 percent per year. The intro­
duction of a reserve slock program reduces the annual market 
price variability around the target prite. IHow much depends 
upon tire specific formulation of the reserve stock decision 
rule employed (see Part V, tables 1-1 I). A reserve stock rule 
that states that stocks will be acquired and released, insofar 
as it is possible, to hold market prices within the range, Iluis 
or miinus I percent o'tlh' target price, reduces tile annual 
market price variability to 15 percent by 1980 and to 14 per-
cent by 1985. A bounded price reserve stock rule of' tihe 
specific form, p/his I0 percent, Ininus 5percent ofthe target 
price, reduces tlte annual market price variability to 13 perc:it
by 1980 and to 12 percent by 1985. A differently conceivd 
rule, that we define as tie price variahilit i' ininization ni/e, 
makes each action leading ,o a change in the size of stocks a 
function of( I) the size of the reserve stocks at that time and 
(2) the curreni price. The application of this ruie, in a specific
maximum effort formulation, reduces the anmual variability 
of market prices to 13 percent by 1980, where it holds 
constant at 13 percent mitil 1985 (see table 0). 

The average size of tie reserve stock ii he first formu­
lation mentioned above ranges from approximately 38 million 
tons in 1980 to 57 million tons in 1985. In the second formu, 

195. hir 1980latlon it ranges fromtoi approximately3 Iillol|Iosn he 51 millionflrlnlai()tons itiilranesbilistic 
to 73 million tons in 1985. i the third formulation it ranges 
frotm 47 millioin toins ii I198( o ()2 million tons in 1985.
Other specifications of the bounded price rule and the 
variability minimization rule were also examined. These pro.
vide aspectrum of program resulls wili regard lo tie degree
ofilprice stabilizationand the level oreserve stocks. 

In more general terms, the empirical work of this study 
suggests that an ioternational grain reserve stock program
could he set un for the nerlod 1975.Rq llit wneil tinnimlnnfhld 

Willard W.Cochrane 
Yigal Danin 

cent and minus 5percent of trend, with aprobability of 85 to 
90 percent, and with a reserve stock that averaged from 50 to
75 million Ions. But to increase further tile probability of hold­
ing price oscillations within the bounded price range would 
be difficult and costly, if not impossible. To increase the 
probability of holding market piice oscillations within the 
defined price range would require the holding of a nuch 
greater volume of stocks oi the average. BIt Ile aCluisilion 
ofsuch volumeue of tocks for tle r. ecrve ,-,: rrograinl
would in itself cause iiaike prices t Move rdyIrom the 
mean equilibrium puice. I huts, this study indicatesN that it isfeasible, through the iipleimenatimi ll all interiational ,rain 
reserve stock program, to gicatly reduce aual grain pric(
fluctuation, but it is exitfeiney ditficuh, i flot impossible, 
to reduce those tluchia lions below an average of' 12 percent 
per yerr. 

The grain ieserve stk issue I, a t. ny issue. This is
 
true both wiliin countries aiid alit ,g countries. PIoducer
 
interests \vaiv (it purnealy
aw rice stahili/itg schemes and
 
are reluclant to consider ti lti sel iolisloo, tile,s, they involve
 
price floors but io ceilings. (olisumnc itlterels, otil tle other
 
hand, ciirrettly seek slahle gaini and fod prices and are
 
anxious to !imtplemtenit resetve stock pigramns to acliieve
 
stable grain prices al levels iHit well ie:isonahlC to lteili.
 
Consumers tend th helieve, and peIliaps lightly it litese d.ys

of resource scarcity, tha lshv have iitiich to gain filt e
I 

stabilization of produccer prices. Whlietl tiese opposing ill­
lerests can be reconciled iii m effective interlional grain
 
reserve stock pirgri ti to he sell. IBlt if Ihey are
ctl is 
reconciled and if ant effective intciiatiohtal reserve stock pro­
grai is brotghl intto beinig, it will , c ,ir only because ot extra­
ordinarily wise atnd stIong leadership lie parl OI
oile, or a
 
few, key trading at ioins (to example, lnited States) in
 
the world market. To date no impo rtant trading nalion has
 
provided thalt leadership.
 

This rePort is ai prgres s raer t ore ecye udie tri work 
is needed d,evtilt eteparanetrs ed hoyed lin he mordels, 
ind more deelopient work is ieededu thegeneral proba­appro>ach enit)liiyed in ttts study. Furthier, itore work 

isneeded itt reformulaling, refining. and lesting the reserve 
stock decisioni rules We believe all this could best tie done byi ieii stAgrictree. taile eit t o ire that 
aresearch leaen in protesonal mitanipower and tie necessary
data are. Nonetheless we believe mhat tile vations estimates ofr 
market price probabilities, price variability, and reserve stock 
nagnitudes developed and presented in this sludy are useful 
In suggesting what can and cannot be accomplished in the way

rlit nri , L I..... 1...... , .. .. 



PART I1. 
THE GENERAL ANALYTICAL APPROACH 

The focus of this study ison stabilizing world grain prices 
through a reserve stock program. The focus is on world grain 

prices and their stabilization not because world grain prices 

are necessarily the most critical factor to producers and con-

sumers of grains and grain products, but because grain prices 

and changes in those prices best indicate the state of grain .sup-

plies in the world and changes in supply relative to demand, 
Thus, the focus of this study leads naturally and directly to a 

supply and demand type of :m,.l yis. 

The general approach taken for developing estimates of 

reserve grain stocks and the associated probabilities for 
achieving different price stabilization objectives may be 
stated as follows. First, a silple supply and deniand model 
of the grain market under ,onsideration was formulated. 
This supply and demand nodel then was used to determine 
market prices (i.e., those prices that satisfy equilibrium con-
ditions). Disturbance factors were introduced into this basic 
model that randonly shift tile demand and/or supply and 
generate as a result a probability distribution of market 
prices in a free market situation (i.e., with no intervention), 

Second, different reserve stock decision rules were ap 

plied to tile free market probability distribution of prices. 
The application of a given stocks rule to the free market 
distribution changes the distribution and generates a new 
probability distribution of prices associated with the par-
ticular stocks rule under discussion, 

Finally, we analyzed tile altercd probability distribution 

to learn to what degree the variability in market prices is


objective is achirkewtreduced to t ge the vsabilization 

to which tile price stabilization objec-Measures of the degree 
tive is achieved and the probabilities of achievement are 

presented in several forms. Estimates of the size of the re-


serve stock required to achieve a specific price stabilization 
objective with some probability are also presented for each 
decision rule.1 

The 	procedure was applied first to a model of world grain 
market in total and by principal categories of wheat, rice, and 

coarse grains. It was also applied to the United States wheat 
market. The models used are described in Part Ill. 

No econometnic vork was undertaken in this study to 

estimate time models mentioned above. Judgments were exer-

cised in tile selection of specific demand and supply param-

eters, but the specilic parameters selected for use in this 

study are based on estimates commonly used in agricultural 
price analyses. In sone cases alern five parameters were em­
ployed to test Ie sensitivity of th,, analysis to differently 

valucd parameters. Thius, the models developed and employed 
in this arialysis were conceived not to yield unique solutions, 
but to illustrate procedures for continuously investigating tile 
problem as well as yielding estimates that illustrate the possible 
magnitudes of tie grain reserve problenm. 

In this sttidy thenl,we do not find unique answers to the 

related questions: what kind of a reserve stock program should 
we have and what should be its siue? One reason we did not 
obtain such answers was lack of time and resources. But more 

I. W; Iker. ,Itruth,.is of Is'Ieat ILoan Rates aniaSharple. and Rodney see Ihe recent stdy by Jerry A. 


Target Prices Using a Wheat Reserve Stocks Simulation Motel. CED 

'For 	a different genert approach 

Working Paper, Iconotnic Research Service. USIA, May 1975, 

importantly, there are probably no uniquely best answers to 
these questions. But we do come out with some estimates that 
illustrate the program magnitudes and characteristics that 
would be involved in a stabilization effect under alternative 
stocks rules and under different assumptions regarding price 

stocks. We also de­elasticities and size of beginning reserve 
velop a general analytical approach to an analysis of the 

stock problem that we believe merits further develop­reserve 
ment and refinement. Thus, from this study policymakers 
can begin to learn the cost and quantity implications of an 

international reserve stock program, and research workers 
should find an approach and leads to further productive work 
on the reserve stock problem. 

PART III. THE MODELS 

Two specific models, a world grains model and a United 
States wheat model, were formulated and used in this study 
to derive empirical estimates of the various magnitudes of a 
reserve stock program for tile grains. Each of these specific
 
models is a variation of the same basic model. This basic
 
model is described immediately below, and the world and
 

U.S. 	models are elaborated upon in the sections that follow.
 

The basic model. Tile basic model includes a demand
 
function and a supply function for a single commodity. These
 
functions include shifters of two kinds: systematic shifters
 
that move the functions through time (i.e., growth factors)
 
and disturbances that randomly shift the f,,uction back and 

are assu:;,d to beforth. All variables except price and quantay 

exogenous to tile model and are included either in the growth

factors (e.g., systematic income and population growth effects 

on the demand and systematic technical change on the supply)
 

or in the random disturbance (e.g., weather effect on yields,
 
nonsystematic changes in trade policies, nOnsystematic price
 
effects of complements and substitutes).
 

Price is determined at the intersection of the demand and 
supply; it therefore tiuctuates due to the systematic and 

random changes in the demand and supply. A stocks program 
is introduced that influences tile price by adding to tile supply 

when stocks are sold or by adding to the demand when stocks 

are acquired. An analysis of the activity of such a program is 
the core of this study. The complete basic model is described 
formally below. Ilowever, the nonprofessional reader can skip 
the rest of this section without a lass of continuity. 

Demand function at time 

(I) Yt= 00"t) + edtI (I + 90 

where 
Yt = quantity demanded at time t,
 
P = price at time t,
 
4Pt) = mean of demand function at t 0,
 

'(p) > 0,
 
edt = random disturbance term,
 
gd = demanl's rate of growth.
 

It Isassumed that edt is distributed according to a known 
probability law, represented by fd(edt), which is a probability 
mass function (in the case that edt is a discrete random variable) 
or a probdbility density function (if edt is continuous). It Is 
assumed that fd(edt) is identical for all t, that edt has zero 

mean and that any two disturbances of two periods, edt and
 
Cdl', are mutually independent.
 

http:ruth,.is


All the exogenous factors that cause a systematic shifting 
of the demand function are assumed to be included in gd (e.g., 
population and income effects), while all other exogenous 
determinants of the demand are included in cd. (For example, 
if the demand includes a demand for export, the randomness 
might be due to weather effect on yield abroad, or Cd might be 
caused by unsystematic changes in prices of complements and 

substitutes, etc.) 
Supply function at time t 

t-It ((2) Xt= [ ) + est gs)t 

where 

= quantity supplied from produ-tion at time t,Xt 

Pt.I = one-period-lagged price at time t, 

4'(Pti ) = mean of supply function at t = 0, 

= 
'(Pt- I) > 0, 

est = random disturbance term, 

g% = supply's rate of growth. 


est is distributed according to a probability law represented 
by fslest), which is a probability mass function or a probability 
density function (if estis discrete or continuous, respectively), 
fs(est) is identical for all t, anld for any two periods i t', est, 
and est are mutually independent. In addition, estand edt are 

independent for all t t'. 

As in the demand case, it is assumed that all of the 
changed systematicallyexogenous factors of supply that are 


with time are included in g5 (e.g., systematic technical change) 


and all other exogenous determinants of supply are included 


in the random disturbance e, (e.g., weather effect on yields). 


In summary, it is a simple "cobweb" model. For con-

venience, let us use the following notation: 

0t(Pt) = (P )(I 	 + gd )t 

)( I + gs) to't(Pt-t ) 	 H'(Pt-t 

ed= edt • (I + 	 )t 

est=est " + g 


and rewrite the demand and supply functions: 

)Yt= 0P + Edt 


)t= 't 

(2') Xt = 01(I-I ) + cst 
Let us denote the stocks (i.e., program stocks in addition to 
working stocks) at the end of period tby Ct (the beginning 

w gstockst 	 a te ed othe 
stocks at t are Ct ). 

, atd thle values of (lie randomnGiven the lagged price, P1.t 
d isturbanes a at time t, the price is determined by

disturbances edt and it 

(lhe equilibrium conmdition: 


Yt + Ct - Ct-I = X1,
 
or 

(3) 00(Pt) + edt + Act = 0-(Pt-) + eat 

where 

Act = Ct - Ct.1 is the change of stocks at t. 

Define the "free market price" to be the equilibrium price 


when Act = 0 and denote it by P't. 

Pt is defined by 

t(Pt) + edt = Ot(Pt.I) + Est, 
or 

= ­(4) Ft of , [0t(Pt. ) + el 

where 
-
Ot is tileinverse demand function and eCEt - Edt is 

the combined disturbance of supply and demand. et is 
distributed according to a probability law represented by 
ft(et), which is derived from fd(ed ), t,(es ) and the defini­
tions of ca and ct.2 

Equation (4) describes the "free market price" as a function 
of the lagged price I't.,and the disturbance ct.Given P, be­
ginning stocks C,.I and carryover stocks Cl the price 1', is , 


determined by the equilibri,.i condition (3). 

The world model. The different grains are close sub­
stitutes on the demand side and in some cases on tile supply 

side too. Therefore, a model of the world grain market must 
include all the grains. For examnple, if wheat production falls 
short of anticipaled utilitatin, users of wheat will begin to 
substitute rice and coarse grain I'm wheat, illwhich case the 
price rise of wheat is moderated as all giain prices move il). 
An effort to stabili/c the price of1one grain will affeci the 
price of other grains via the ubslitulion hiocess. Ideally, it 
would be desirable to ir:clide explicitly and siinul::aneously 

the different categories of graiis illlile model, disaggregated 
as to countries and areas. IHowever. methods and capacity 

of computation 	procediires preveledl us fromt mnaging such 

a detailed model. Tis.a highly aggr'gative and simplified 

model was formulated. In tlie world model under considera­
tion, all grains are considered as one great. aggregat ive com­

modity.
 

In this model, world trade is assumed to be conducted
 

within one large market for a single aggregative commodity,
 
grains, in which no important barriers to trade exist. All
 
categories of grains move readily between and anionv areas
 

In response to need as indicaled by niarket prices.
 

The world demand I'mgrains is isslel to he non­
stochastic and sensitive to price (i.e. has slope). The form of 
the demand curve is linear. li the eni)irical analysis, we 
operated the model with two different assumed price elas­
ticities ot denard specified at avemage prices aid quantities: 
-.I and -. 2.' The world gralin prodkuction is assunied it)be 

stochastic and completely price inelastic. It glows at a constant 
annual rate of approximlately 3 pi~ce~n llhis rate was esli­
mated on tie basis ol a logarithnic Iend that was fitted to 

observations of world grain piodUlictoi for tileperiod 
1950-73. The l)robability distribuion oi piodiiction is assumed 

to be nornal. '[le variance of it was estimrated iisiiig tihe 
end. For each year ii tle projectedfluctuations aroutnd the 


period 1975.85, then, world grain prodiucliol could be of arly
 
ti with tlhe associaLed probability iii accordance with
magnitude 

te probability distribution of' productlio discussed above.
 

W t2 For example: it ed '\,N(l. t dlemt NIO, a, ) then 'i '"''.",, N(


where of - t (I (Io'S.t l+ gI) ,'1 	 g), 

as­
surnptions were tawd t linl frItttereni egorics
 
2'The judgmennrts It )rotduced thcew prite cLitii,(lyf demand 

n Isprewnletdt 'at 
of grain and ittfereni oftile Wortl inWI'orld Iekiand' Provpectsarca on liamh, h'1te Less Deve'lopedotrGrain in /19, with l'mlphaviv.. 

EIcoomic Report No.foCGraie, Foreign Agricul tuiial 75, ES, 

USDA, Wastingion. I).(., Iecember 1971, p.35. 



We assumed that the world demand for grains grows at 
tie same annual rate of griwth as the supply, approximately 
3 percent. In this model, then, we have neither an upward nor 
downward trend in the price of grain for tile period under dis-
cussion, 1975-85. Under rhis assumpition, tile analysis tocuses 
exclusively ol annual tuctuations in production and the re-
suiting short-run variation in grain prices. The price at which 
supply and demand intersect in 1975 is definied as 100. There-
after, the equilibriun mcan price remains at 100 over the 
period 1975-85, hecruse tie demand and nean supply grow
at equal rates. 

The enlpirical results ltit flow fron applying a given 
stocks rule to the world muaiket model for all grains are pre-
sented in Part V. We also experimented with similar models 
applied to separate ca tegoriks of grains, namely wheat, rice, 
and coarse grains. The limitalion of such commodity analyses
"orthe world giain inaikct is, however, clear from the dis-
cussioniat the beginning of this section. The results of the coni-
modify :malyses are suuntitaried ii Appendix A. 

The U.S. wheat model. 'Ilie U.S. wheat model is a 
simple denand and supply iodel of a one-period cobweb 
type.4 Prices and quantities :re determined by tie model. All 
other factors are assutiMetL o he exogenous and are included 
either as -shifters" that ,ysteniatically shift tle demnd and 
supply f[tnctions through titte, or in stochastic disturbances 
that ,dlift tire ttincliots ri0doltly ill :ccordance with some 
known probability law. 

The deimid equation is linear and is composed of a 
doimestic :tnd :nt ex pot ,comp,,! The doinest it componentltI 
is assumed to be mostochalstic and grows at a rate of I per-
ceit pei year. "lie export contpotit is assuied to be 
stochastic, and the disiurbance is assumed to be normal with 
aconstant relative standard deviation. Export demand is 
assunied to glow atlaniaitiral rate of' 3 percent per year. 
Total demranid t'oi each year is the stim of the domestic and 
export denmlids. In the emipirica! analysis, we operate the 
mtodel with at assnumed price elasticity of domestic demand 
equll to .378 anrd an asstnied pic, elsticity of'export 
detmid equal .5. lhie price elasticity of total de mand in 
1975 equals .4.1. 1his nitasire of price elasticity changes 
over time as tile export share of total detnand increases, 

The supply relation is composed if artacreage supply
ftuirCtion anid a yield-per-aicre function. Wheat acreage ill tile 
acreage supply fintclion is as,.inted to be a function of price
lagged I year. Yield per acre is assuned to be stochastic and 
norrally distiibuted ard to increse at a constant rate of 
alproximately 3 percent per year. Sipply for each year is 
equal to tie MIea acreage tilltes tle yiel. 

In the I.S. wheat irr del, price trends downward over 
the period 1975-85 because it is assutited that tire supply will 
increase nmore rapidly tian deraid. hut the inivestigation 
coirtmlites to foculs on shott-run ltiodurtlion variability andd 
the impact (if that variability on wheat prices. Randoiri pro-
duction (list tirbances enter tile L.S. wheat model through both 
tire demand ard supply sides. Variability in yield per acre 
within tie t.S. erters tlie model as a dist urbance factor iii 
the supply equation. 'rodiuction variability outside the United 
States enters the model through random shifts in the export
demand for U.S. wheat. 

'Due 	 to tack of time and resources, tihe Investigation at this stage was 
limited to one grain category, wheat, 

PART IV. THE RESERVE STOCK
 
DECISION RULES
 

Each grain market model includes random disturbances, 
the probability distribution of which is assumed to be known. 
For each value of the disturbance, the model generates an 
equilibrium price. The probability distribution of the dis­
turbances is then translated into a probability distribution of 
prices. This latter distribution we call the free market price 
distribution. 

The free market price distribution is then changed,
modified, by applying some reserve stock rule to it. This

or 

change is effected by the acquisition or the relevse of stocks, 
thereby modifying the net supply of grain available to the 
mark t in the year in question. This in turn atfects the mar­
ket price and creates a new probability distribution of prices.
Let us therefore look at two stocks rules and their several 
specific formulations that were applied to the market models 
in this study. 

The bounded price rule. This simple rule states that 
insofar as stocks are available, market prices will not be per­
mitted to oscillate outide a defined, or bounded, price range.5 

As used in this analysis, the rule states that whenever market 
price falls below the lower boundary of the price stabilization 
range, supplies tiust be acquired tinder the program in suf­
ficient quantities to hold the price at the lower boundary. 
The rule also states that whenever market price rises above tire 
upper boundary of the price stabilization range, supplies must 
be released, to the extent that they exist, to hold the price at 
tire tipper boundary. In practice, a grain price stabilization 
agency might deem it wise to start acquiring stocks before the 
market price had fallen to tie lower boundary or to start re­
leasing stocks before tile market price had reached the tipper
boundary. But this kind of administrative flexibility is not 
investigated in this analysis. 

Several specific formitulations of the bounded price rule 
were investigated in this study, and the results of these dif­
ferent formulations are reported in Part V. A series of target 
prices for the years 1975-1985 was defined to be equal to the 
mean equilibrium prices, which in this analysis are allways 
equal to 100. The boundaries of tire price range are then de­
fined in relation to tile target prices of 100. We investigated
and report in Part V on four specific formulations of the 
bounded price rule: 

1. Plus or miinus 10 percent of tie target price, 

2. 	 Plus or minus 20 percent of tie target price,
3. 	 Plus 10 percent and minus 5 percen t of the target 

price, 
4. 	 A linitation on tire volume of stocks held at all times 

to 3 percent ofworld production. 
p 

Countless other specific formulations of the bounded price
rule might be investigated given tire interest, time, and funds. 
Certainly, an agency that had ile responsibility for admin. 
istering a reserve stock program would want to investigate 
other specific formulations. 

'The "insofar as possible" clause might Include operating funds as well 
as stocks, but we do not investigate a possible financial limitation in 
this analysis. 



The price variability minimization rule.6 - The price 
variability minimization rule, as developed in this study, is a 
reserve stock decision rule of compelling logic. But it is a 
difficult rule to explain. A price-instability index is defined 
that measures the degree of instability of a series of future 
prices around a series of target prices. The objective of a 
stocks policy in this study is to reduce the instability of this 
whole array of price" (as measured by the instability index), 
Tile ability to stabilize prices depends of course on the availa-
bility of idequate stocks. The more stocks, the more stability 
that call be achieved. On the other hand, holding stock. in-
volves the bearing of costs, which is socially undesirable. In 
this context, an efficient stocks policy is one that, for a given 
degree of price instability, minimizes the mean cost, or 
equivalently, for a given mean cost minimizes the degree of 
price instability. It can he argued that an efficient stocks rule, 
i.e., the decis ons to acquire stocks or to release stocks in a 
given year, should be dependent upon two indicators: (I) the 
size of reserve stocks at the beginning of the year and (2) the 
level of grain prices within the year. Ilnother words, price 
stabilization decisions itany year are made a fun~tion of the 
price of tie commodity at that tite and the size f reserve 
stocks available for use. For each combination of these twin 
indicators, a computation program was composed to compute 
the appropriate change of stocks that leads to efficiency as 
defined above. 

No single, unique efficient stocks policy may be said to 
exist, because as one increases the niean stocks (and the costs), 
one is able to achieve a greater reduction of prie instability. 
It is a subjective matter as to which comlbination of mean 
stocks and degree of instlability to chooue from tile:;et of all 
efficient combinations. Inprinciple, it is desirable to reduce 
tire degree of price instability as long as tire miarginal value of 
this reduction isgreater than tire cost of achieving it. Thus, 
measuring or accounting for this subjective valuation of in-
stability becomes imiportart iii selecting allefficient combina-
tion of average program costs and tile associated degree of 
price instability. Let Xbe ainindicator of tire marginal valua-
tion, relative to costs, of a given change in tire degree of price 
stability achieved through a stocks program. In this context, 
Xcan take on values between 0 and infinity (positive). A large 
Xmeans a high subjective valuation of price stability relative 
to the costs of achieving it, hence a willingness to pay a hig!; 
cost to avoid instability. Similarly, a snall value of Xreflects 
a low subjective valuation of more stability relative to tire 
costs of achieving it and, hence, a greater tolerance for price 
instability. Tire greater Xis, tile meangreater will be tIre 
stocks and tie smaller will be the degree of instability cor-
responding to that A. 

For a given X,tire computer prograin gives tile stocks 
rules in tire form of tables that indicate, for given prices and 

given beginning stocks, tileappropriate change of stocks (i.e., 

acquisition o,sales). The program was applied with several 

6"t'he theoretical concept arnd inrplcations of this rule are discussed in 
detail by Yigal Danin in Saftf Paper P75-31, "Grain Reserves and Nice 
Stabilization," Deparlineul of Agricultural and Applied tFconomics,University ot Minnesota, 1975. 

'There are many ways lo define aquantilative instability index. 
Naturally allof them are rather arbitrary, and choosing one is a sub-
jective matter. In this study we measure tie instability of a series of 
future prices by the mean of square deviations of the prices from the 
series of target prices. This measure was used also in tile analysis of 
the bounded price rule. 

alternative X's. We do not present the corresponding tables of 
all possible stocks rules in this report. An analysis of the 
effects of applying the price variability minimization rules 
corresponding to different X's is given in Part V and sum­
marized in tables 6 and 7 of Part V. 

The probability estimates and measures of price variance 
and stock magnitudes presented in tables 6 and 7 of Part V 
should be viewed as preliminary. The procedures for analyzing 
the application of the price variability minimization rule to a 
market situation need to be further developed, refined, and 
tested. But the estimates presented in tables 0 and 7 of P'art 
V are not without nicaning. Tlhey suggest tileprogram in:gni­
tudes that would be involved for certain assumed conditions 
regarding price elasticity, size of' beginning reserve stocks, and 
willingness to accept program costs in the achievement of dif­
ferent levels of price stability where two criteria for making 
decisions to acquire or release stocks are emiployed: (I ) the 
price of the conmmodity and (2) the size ol dire beginning 

cerned with tiereserve stock preoblein. bnt this type t o 
analysis, properly inerpreted. ponld be ol vlua tble assistance 
to te naniagers of an operatin g rceerve stck prograisn,be­

cause the managers of a reserve stock program would riced to 
consider the size of the reserve stock oilluid illtheir pursuit 
of the price stabilization objective. 

PART V. PRICE STABILIZATION
 
PROBABILITIES AND STOCK REQUIREMENTS:
 

TIHE EMPIRICAL RESULTS
 

As discus,cd in O'art IV, we investigated in this study tie 
application of two different r':serve stock decision rules Ita 
world model of a free iarket situation. Aid we experitienled 
with several different specific ftorArnlatims of each rule. The 
results of those experiments are presented below. 

Following tne argunent presenled in Part I l, we hinit 
our discussion of tile odel t category allgrainmworld rile 
Iowever, we experimented with tine comrmrriodity categories. 
namely wheat, rice, arid coarse gains. Ilhose interested iii tile 
results of these commodity aralyses miray ieview thenr in) 
Appendix A. 

The world model: the bounded price rule. I.el us turn 
first to the application ( t1we ounded price rule. We will look 
at a specific forinllat inn that involves a very hw price elas­
ticity of demaird ( . I), io beginning reserve stocks, and a 
price slabilization range of plus or milus I0percent of tie 
target price 100 (see table I). Jlie applicalion of this forlnn­
lation of the blunded pr ice rule reduces tire pice variation 
around tire target price inn1975 h ou 27.A percerlt ii tie free 

market situation io20.4 in tilestabili/atin silualion.r B3y 
1980 tie variation around the target price is reduced to 15.4 
percent under tile stabiliatior progani arid eilrains at that 
approximate degree ol variation through I985." lie proba­

im 11.1-
" 'lo reduce lite I I)e pretoted inthis rel'lirl, we con­

sisterlly ttluighotl tie investiiiarhn .ask 1it'1V lpliitrioprovide 
results for only 3 years, 1'75. t 981, awl 1985. 
'If these magnitudes ,ftprice varialilily ,,cininconsislent wilh the 
price stabilization boundaries ,)t or niniutIOpercent, rememberplu 

that sufficient stocks are not alays on hand to hold thc ree market 
price within tIhe upper price IundLiry. irin fale I it nay he observec 
that the probability of market price being within the price stabilization 
boundaries of plus or minus 10 percent is 81 percent in 1980 and 85 
percent in 1985. 



blilty of the market price remaining within the price stabiliza-
tion range increases from 65 percent in 1975 to 81 percent in 
1980 and to 85 percent in 1985. The average reserve stock 
held in a particular year increases from some 9 million toils 
in 1975 to 57 million tons ill1985. The 1985 figure amounts 
to 3.2 percent of world grain production. 

Two comparisons are provided in table I:a formulation 
with a bounded price range of plus or minus 20 percent of the 
target price of 100 and a formulation of plus 10 and minus 5 
percent of the target price of 100. The wider bounded range 
allows the variation in the market price around the target 
price to increase as one might expect.A bounded price de-
cision rule of plus or muinus 20 percent of the target price 
seeks to achieve less in the way of price stabilization, and that 
iswhat it does. The hounded price decision rule, plus 10 and 
minus 5 percent, on the other hand, isa more restrictive rule, 
and it achieves more in the way of price stabilization. Variation 
around the target price isreduced to approximately 12 percent 
by 1985, compared with 1)percent for the plus or minus 20 
percent rule, with 14 percent for the plu. or minus 10 percent 
rule, and 27 percent for the free market. But tileaverage cost 
of stabilization goes up. The average reserve stock under the 
plus 10 minus 5 percen t rule approximates 73 million toils in 
1985 compared with average reserve stocks of 31) million toils 
under tihe pls or minus 20 percent rule, and 57 million toils 
under the plus or minus It0percent rule. 

A careful study of table I suggests some importani con-
clusions regarding tilepossible magnitudes of an international 

estabilization effort for thle grains.
price sthe 

If the pi ice elasticity o demand for all grains does in fact 
approximate .I aimd if the beginning reserve stock iszero and 
the only criterion for acquiring or releasing stocks is tilecur-
rent price, then: 

1. It isexceedingly difficult to reduce annual price
variations around ie price target below 10 percent. 

2. 	 But acareful formulation of the price stabilization 
boundaries (for example, plus 10, minus 5 percent) 
would perlit an interational stabilizatin program

reduce annual variatiohs around te target pricetoto chirse to It) percenlt where thle average reserve stock 
tos c 1international 

approaches 75 milliontons, 

If the stabilization effort begins with sonie stocks, say 20 
million tois, then we see that niarkel price variations around 
the target price decline significantly in 1975, which was not 
the case where there were no beginniiig reserve stocks (table 
2). ','his,of'course, iswhat we would expect to happen. Tihe 
effect of (ie beginuing reserve stocks 4s largely, but ot en-
thely, dissipated by 1980. In table 3 we see tlhe effect of a 
large beginning reserve stock astock of 50) million toils. 
Such a large beginninig reserve stock drastically reduces tile 
variation iii market prices arounrd the target price ia1975. But 
thereafter the varialion increases, and tile 1985variatim ill 
with abeginuing reserve stock of 50 million toni is not greatly 
different fronmi that with a begiurning reserve stock of 20 iiil-
liontiluis, or for t-It matter, with a zero beginning reserve 
stock situatioli, 

tables 2 and 3 indicate that 

some beginning reserve stock isdesirable if a reduction in 

market price variability issought for Ihe immediate future, 

but that a very large beginning reserve stock achieves little In 

the way of long-run price stabilization results, hence should 

be avoided if program costs are an hniporttmt consideration. 


'File estimates presented ill 

In table 4 the consequences of limiting the reserve stock 
accumulation at all times to not more than 3 percent of total 
world grain production are investigated. The consequences are 
clearly unsatisfactory. The operation of a 3 percent limitation 
at all times restricts the accumulation of stocks of greater than 
3 percent at certain times and thus has the effect of holding 
the average available reserve stock to such low levels, to 1.5 
percent or less, that little isachieved in the way of price 
stabilization. The annual variation in market price around the 
target price in this formulation isclose to 20 percent. If a 
limitation otthis type were imposed upon the managers of an 
international stabilization program, it would certainly need to 
be greater than 3 percent of annual production, and some
 
operational experience with a stabilization progran should be 
gained before a rigid limitation on stock accumulation was 
made mandatory. 

The implications of the price elasticity of demand for 
grains in the world market being larger than -. I are explored 
in table 5; the price elasticity of demand in table 5 isassumed 
to be -.2. As would be expected, lhe price elasticity of de­
mand has important implications for the whole issue of price 
stabilization. Increasing the measure of price elasticity from 
-. I to -. 2 reduces the market price variation around the 
target price in the tree market situation from approximately 
27 percent to 14 percent. Price variability ini the free market 
is cut almost in half*. And tileapplication of a bounded price 
rule of plus or minus 10 percent of the target price, with a 

annual varia­beginning stock of 20 million tons, reduces tile 
tion around the target price to close to percen t for each of 

years 1975, 1980, and 1985. To achieve this degree of 
price stabilization the average size of the reserve stock ap­
proximates 33 million toils in 1980 and 45 million tons in 
1985. Insuni. if we assume the price elasticily o demand 
for all grains isequal to -.2,then the need for a price stabiliza­

tion prograi is greatly redtced and any degree of price
stabilization is achieved more easily than it iswith allassumedprice elasticity of' . . 

ilthis Study of 
what the true price elasticity oondenand isfor allgrains isu 

We did not try to answer tle uestioi 

tyl
 

world market. And ie question will not be answered easily.
B 	 y)Jut if it turns out Ihour research efforts, rir experienmce with 

graii stabilization programs, that tiletrue elas­
ticity of demand for all grains iscloser to .2 than it is to -., 
then the difficulties and costs of operatiig an iiternational 
grain stabilization program would not be unduly great. In a 
similar fashion, tilepressures to operate such a stabilization 
program would iiot bei,giCa either.Relaxing the elasticity 
assumption reduces the acuteness 01 the whole problem. And 
a new set of issues aud ilroblenis isopened up for tlie econo­
metricians. 

The world todel: warialility minimization rule. Tie 
minimization rule, it will be recalled, takes account of the 
beginning reserve stock position and current prices inits 
directives to tie managers about acquiring or releasing stocks 
at any point illtine, where the manaiagers seek to pursue an 
efficient stocks policy. Au efficient stocks policy isa policy 
in which price instability is minimized given the average stocki 
or, equivalently, stocks are minimized, given file degree of pric 
instability. As ientioned ilPart IV, any minimization rule cal 
be specified by the marginal valuation of stability relative to 
costs such that the greater time marginal valuation of stability, 
the gieater the average reserve stock held and the smaller the 
degree of instability experienced. Several alternative speciflca­
tions were examined, and tables of' the reserve stock decision 



rules were provided by the computer. 10 These tables are not 
presented in this report. However, tables similar to tables 1 
through 5, which summarize the expected results front the 
application of the rules, are given in tables 6 and 7 for zero 
and 20 million tons of beginning reserve stocks respectively. 

In tables 6 and 7, the column indicated by infinite valua-
tion of stability relative to costs refers to a minimization 
stocks rule that seeks to minimize price instability for the 
entire planning period 1975-85, no matter what the costs 
may be. As one moves in the tables toward a lower valuation 
of stability relative to costs, instability increases and the size 
of the reserve stock decreases. 

It is important to recognize that the variability minimiza-

tion stocks rule for each valuation of stability relative to costs 

in tables 6 and 7 seeks to minimize price variability for the 

enir pridndr onidraio, otnecessarily the variabilityentire period under consideration, tnot ncsaiytevrblty 

in a particular year. For example, in 1980 and 1985 the in-
stability index (variation around target price) increases when 
the valuation of stability decreases (moving front left to right
in tables 6 and 7), and stocks decrease as the valuation of 

stability relative to costs declines. Ilowevei, in 1975 the 
greatest variation of price around the target price is associated 
with infinite valuation of stability relativ ' to costs, which 
would seem to be contrary to the logic of' t e oinimization 
stock decision ule. The explanation is t thenitit begin-

stoc deisin hatwhe thuei-tnderrle.Theexpanaionis 
ri vaiion to increasening reserve stocks are small, there is a i 

stocks for future contingeicies, even if that increase in stocks 

results in a 1975 price that is higher than the target price and 

thus in greater variability around the target price. This nmoti-

vation to increase stocks in 1975 is the greatest when the 
valuation of stability relative to costs is highest, which ex-
plains the apparent contradiction tinder discussion. 

It will be observed in table 6 that variations in market 


prices around the target price are reduced from about 27 per-

to about 13 percent in 1980
cent in tie free market in 1975 nake the maxi­

,orld society is willing to 
and 1985, where 

mum effort to achieve price stability ini tile grains and there 


stocks. This degree of price stabiliza-
are no beginning reserve 
tion compares with 15 percent and 14 percent iii 1980 and 
1985 respectively for plus or minus 10 percent under the 
bounded price rule (see table I), and 13 percent and 12 per-
cent respectively for plus 10 percent and miinus 5 percent. 
Thus, we achieve a shade greater degree of stabilization tinder 
the maximum fornmulation of the nmininlization rule. But ill 
other formnulations of the minimtization rule, there is not much 
to choose between those fornulations and the bounded price 
rule, plus or minius 10 percent, with respect to price stabiliza-
tion. 

Interms of efficie thcy,le mitiiniization rule again holds 
a slight edge over tge bounded price rule. For exainple, the 

Minimization rule with the specific fornuilatioun, moderate 

valuation of stability relative to costs, achieves a degree of 
variation around the target price of abouit 14 percent in 1985 
with a reserve stock that averaged 1.8 percent of world pro-
duction. The bounded price rule with the formiulation, plus or 
minus 10 percent, achieves a degree of variation around the 
target price of about 14 percent in 1985 with a reserve stock 

t o each combination ofThee reserve stock rulesstate eacanalysis,°Teersretokdecision rules 

current price and size of beginning stock what the managers should 
do In the way of acquiring or releasing stocks. 

that averaged 3.2 percent of world production. Such con­
parisona are not conclusive because the data given in tables I 
and 6 are only partial. One should look at the whole planning 
period and not at a sample of years. 

The question might he asked regarding tie first fornmula­

tion presented in table 6, infinite valuation of stability relative 
to costs, why the program doe, not accumulate larger reserve 
stocks in the ea!rly years, say 1975, and thereby reduce future 
variation around the target price still further. The way tie 
world model was constructed, the average free market price 
is 100 in each year from 1975 to 1985, hence the target price 
is 100 in each year. But the act of acouiring stocks for tile 
reserve itself tends to push tihe market price away tront tiletarget price if the first Iprice is already eqnal to or greater 

than thie latter price. iTis may he obseraed i table opposite 
ab o ppsitethe tie lat er price. The 

the side heading, average itia rke t price. IThe act of' acquiringreserve stocks in 1975 pushes thle average price up to 116t, 

then avrgenare ,tile price l 00 
then the average market price tis ack toward 100 as the 
years pass and the pressure to, acquire stocks for the reserve 
is reduced. Thus, the answer to the question posed above is to 

be found in the fact that my greater stock accuniul:lion tnder 
would have the effect of destabilizingtile stabilization programn 

world market prices in the first years of the planning period. 
Given the assumed conditions of the world market the specific 
formulation, infinite valuation of stability relative to costs, 

thle tiinintizat ion rule, has speci tied thte spei'ific sttck 
t ii ie le vaitokacnuist in a r e ha 

einirne trhe v priationaci isitio and release operatieons that 
in prices around the arget price ol tie averge for the period 
1975-85. 

The nminitnization rule is inestigtted ii t)I:lN' 7 inder the 
assumed condition of begitting reseive stocks of 20 million 
tons. As we observed in the case of tlile bounded price rule, the 

tons of reserve stocks ait the hegiutningexistence of 20 milliti leduces tline de­of tie program of pric s abil itrvio gteat f 
75. lhut tile effec greeil' price vari bility iii the lt year, 

is iititI by Ie).of beginning stocks of 2t) tilliotil s 

The effects of assuling a pricC elaslicity of delliand of 
.2 itt tile world model with ian applicalioi of the price 

variability minimizlation rule were not itvestigated. lint there 
is no reason why the basic effect of tile assunipliot of a higher 
price elasticity in the world ntodel shouldk be lily differenl 
with tile application of the minitlization ruic i!;an was the case 
with tile application of the botded piice rule. Assming a 
higher price elasticity of denaid, piice variabilily in the free 
market situation should be les~, the piess tre, for a price 
stabilization prograni should be less, amid the opcralion of the 
price stabilization prograin should be easier and less costly. 
The assuiuiplion of a higler )1ice elasticily in the world model 
reduces tile degree of price variability in the free inaiket, re­
gardless of tile reserve stock decision rule applied to achieve 

a particular stabilization objective. 

The application of tile price variability iiiiintization rule 
suggests tile importance of considering the citrient stock 
position, as well its tle current itarkef prices, before taking a 
change of stock action to stabili/e curien grai inialkef prices. 
Even if the bonnded price rnde were adopted is t lie decisiot 
rule in a slabilizalion prograin, perhaps because of1 its situ­
plicity of presentatiot ,w'd undenstindinig, good inantagenient 
practice would suggest tile undertak ing of research along the 
lines Indicated by the mininiizat ion rule. Frot such an 

tie ianagers of the stabilization program would gainIfra~naottedsrblt faqiigo eesn 

Informa ion aboutpile desirability of acquiring or releasing 
stocks within tie price boundaries and about (he need for 



permitting certain exceptions to tile stocking actions at tie 
price boundaries. This is the cas0 because the analysis in-
volved in the application of tile minim;zation rule indicates 
what should be done in the way of acqviring or releasing 
stocks now to achieve the maximum degree of price stability 
over the entire future period under consideration. 

The United States ",heat model. - The United States 
model is not developed aF fully as the world model. An all 
grains variation of the model, for example, was not constructed. 
A model was constructed for what appeared to be the easiest 
commodity to handle, namely, wheat. Both the bounded price 
rule and the price variability minimization rule were applied to 
the U.S. wheat miodel. The tentative results are presented in 
tables 8-11. 

In table 8 we invcstiga te the application of the bounded 
price rule with the as'mnrption of no beginning reserve stocks 
and a pricC elasticity f total demand of' .43 for 1975 (there-
after the price elasticity increases modestly each year, as the 
export share of the market increases). The variation in the 
market price for wheat around the target price in the free 
market situation is very large approximating 44 percent in 
1975, 5 1percent in 1980, a: d 50 percent in 1685. rhe ap-
plication of' the bounded price rule with the specific formula-
lion, plus or minus It) percent of, tile target price, reduces the 
price variability of wlieat in the U.S. market signifi:antly 
(table 8). The variation in the maiket price o wheat is re-
duced to approximately 22 percent by 1985 by the application 
of tie plus or miis IMpercent fOrinition, compared to 56 
percent variaility tider the free market. 

The aver; ,greserve stock mdr this I'Mr nualito is large, 
but not unduly large wheni coinipaed with whent reserves for 
the United States that have been suggested in,the past. Tile 
average reserve stock indicated under the phis or minus 10 
percent forrunlatiol is494l-illion bushels f rIr 980 and 621 
million bushels for 1985. With a reerve stock of wheat of 
this average size, Ilie probability ot the market price for wheat 
holding within tie delined price boundaries of' hlis or minus 
10 percent of the talget pricc is 8' percent ill I98t and 80 
percent if 1085. 

The consequences of a beginning reserve stock of 250 

million bushels are explored ill table ). As in each earlier case, 

tite effect of beginining stocks thall are greater than zero is to 

reduce the price vaiiability in the first year, 1975, but there-

after the effect of the beginnring stocks diminishes. 


If one accepts tile assUtied price elasticities of the model, 

the consequLn.,:es of a ptice stahilization effort under tie 

hounded lice rule ;lie clear. The annual variability in)wheat 

prices aroundlthe target price are greatly ieduced, bill a sig-

niicint degree of pice var iabililt Ieirrails aterivente 

inrPosio ofa r io n,"Imri it tiulatin o'tfie
p ieiru. 
bounded price rile. Nornrrenical forrilations of tile 
bounded price rule were notl a:illzed ill tile U.. wheat 
mlodel as they wer~e iii tire worl rrodl. 

The consequiences ru applying the piice variability mini-
ntization rule witi ern begi'unirig reserve stocks ti tie U.S. 
wheat mriodel ;ire explored ill lta!le 1(0. lie varialion ill market 
prices ariound tile target prices is reduced significantly by 
applying the specitic tormulatiorn, iutirlile valuatioutn of sta-
bility relative to cousts, of the nii ni/atior rule. The average 
annual variation in mti ket prices around tie target prices is 
reduced it approxinately ") percent in 1975, 18 percent Int 
1980, and 21 percent It, 11"85 compared with 44 percent In 

1975, 51 percent in 1980, and 56 percent in 1985 in the free 
market. The reduction in price variability under the infinite 
valuation of stability relative to costs formulation of the 
minimization rule is consistently greater over the years than 
the reduction achieved under the plus or minus 10 percent 
formulation of the bounded price rule (,onpare tables 10 an( 
8). Further, in the U.S. wheat model tile iverage volume of 
reserve stocks accumulated tinder the infire valuation of 
stability relative to costs formulation of the minimization rulh 
is consistently larger over tile years than in tne plus or minus 
10 percent formulation of the bounded price model (compar, 
tables 10 and 8). This suggests that the marginal effort to re­
duce price instability below the level achieved by tile boundei 
price rule, plus or minus 10 percen t, is very expensive. 

The consequences of having a beginning stock of 250 
million bushels of wheat in the application of the price 
variability minimization rule are explored in table II. Again 
the principal effects of the assumption of a positive beginnini; 
reserve stock are to be t und in the Ist year. Price variability 
around the targe t price is reduced significantly ;n 1975 with 
tile beginning stock assumption of 250 million bushels over 
what it was in 1975 Milt an assutmpti,)n of zero beginning 
stocks. Again, after 1975 the effects of the beginning stock 
assumption are minimal. Average reserve stock accumulation 
remains large with the assumption of 250 million bushels of 
beginning stocks under the minimization rule relative to tile 
bounded price rule (compare tables I and 9). 

The experimentation with the minimization rule in the 
U.S. wheat market does not change the conclusion reached 
cailier in this section in connection with the bounded price 
rule. The application of eitir model to the free market 
situation significanfly reduces the variation in market prices 
around the target pri,:es; but even after undertaking intensive 
price stabilization efforts, an important degree of price 
variability remains in the U.S. wheat market. 

The wheat market treated alone is an unruly market. 
This is caused by the large fluct nations ini wheat production 
around the world, a relatively low price elasticity of demand 
for wheat, and the "cobweb" feal're of the supply. We 
believe that a U.S. model that simultaneously includes all 
grains would exhibit greater price stability, be fore and after 
a stabilization effort, because tJl grains production around 
1t world is much more stable th - wheat production. And 
through the process of substilution m both the demand and 
supply side the price of' wheat would be pulled i:to line 
with the prices of' the olther grains. Thus, we again conclude 
th:at any stabilization el fort fr the grains should be under­
tal.en for a!l grains and nit for a single grain such as wheat. 
We believe that further research work with the U.S. model 
will substantiale this conclusion. 

One final point should be made regarding tie trend in
 
taiget wheat prices and the average niarkel wheal prices fit
 
tables 8-1I. The authors d not believe that wheat prices
 
are likely to trend downward Frirm 1975 to 1985. But tle
 
extrapolation of past gruwtli :d market trends into the
 

future brings that result. The fact that prices trend downwar 
In this analysis is riot, horwever, importaint to the analysis. 
We are concerned in this analysis with estimnatitg tlncluatlon 
in mtarket prices around trend and in darnpening douwn those 
shll-run price fluctuations thir ugh various kinds and fornis 
of price stabilization ptrigrams. 'llus, we made nil effort to 
adjust future trends in wheat prices to take account of possit 
new production and market developtents for wheat and oth 
grain­

i n 



Table 1. Price stabilization results: All grains, world model with alternative boundled price rules, for selected years, 
1975.1985, with the assumptions of azero beginning reserve stock' and a price elasticity of demand of -. 12 

Free Plus or minus 10% Plus or minus 20% Plus 10%, minus 5% 

Measure market of the target price, 100 of the target price, 100 of the target price, 100 
5 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in percent 
of market price being3 

at or less than 50 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
at or less than 80 25.6 0.0 0.0 0.0 25.6 25.6 25.6 0.0 0.0 0.0 
at or less than 90 38.7 38.7 38.7 38.7 38.7 38.7 38.7 0.0 0.0 0.0 
at or less than 100 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 
at or less than 110 65.2 65.2* 81.2* 85.3* 65.2 65.2 65.2 65.2* 84.5* 88.8* 
at or less than 120 77.7 77.7 89.1 91.6 77.7* 86.5* 89.3* 77.7 91.2 93.7 
at or less than 150 97.9 97.9 99.2 99.4 97.9 99.0 99.3 97.9 99.4 99.6 

Average market price 100 107 103 103 104 102 102 109 105 104 

Av. variation around 
the target price in % 27.4 20.4 15.4 14.2 22.5 19.9 19.1 19.7 13.3 11.8 

Probability oi being 
out of stocks - 65.2 29.0 22.9 76.1 36.5 27.5 59.3 22.8 16.1 

Average reserve stock 
in million tons4 9.01 38.2 56.7 5.20 24.3 39.3 11.8 50.5 72.6 

Average world produc­
tion in million tons 1308 1513 1750 1308 1513 1750 1308 1513 1750 

Percent stocks are of 
production 0.69 2.52 3.24 0.40 1.61 2.25 0.90 3.34 4.15 

Coefficient of varia­
tion in stocks in % 
of the mean 176 105 88 222 118 102 156 101 73 

stocks does not mean "no stocks." We assume that working stocks for normal intra-year business 

operations are in being.
 
'The demand function is assumed to be linear, hence the elasticity of -. 1 holds only at the mean.
 

'The assumption zero beginning reserve 


3 
The starred probabilities give the probability of market price falling within the particular bounded price ,blective.
 

4 
"Theactual reserve stock for any given year may be greater or less than the estimates presented on this line, because the estimr. us presented on
 

averages of possible stock quantities. Each level of reserve stocks has a probability. Those probabilities are not presented here; 

they are discussed in the technical section of this report. 
this line are mean 

I The free market price is 100 for every year from 1975 to 1985, because it is assumed that world demand and world supply glow at uniform and 

equal rates. 
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Table 2. Price stabilization results: All grains, werld model with alternative bounded price rules for selected years, 

1975-1985, with the assumptions of abeginning reserve stock of 20 million tonsi 

and a price elasticity of demand of -. 1' 

Plus 10%, minus 5%
Free Plus or minus 10% Plus or minus 20% 

of 'he target price, 100of the targ6t price, 100 
Measure market of the target price, 100 

1975 1980 1085 1975 1980 1985 
1975 1980 1985 


Probability in percent 
of market price being3 

0.0 0.00.0 0.0 0.0 0.04.2 0.0 0.0 0.0at or less than 50 	
0.0 0.0 0.0 25.6 25.6 25.6 0.0 0.0 0.0 

at or less than 80 25.6 0.0 0.0 0.0
38.7 38.7 38.7 38.7 38.7 38.7 38.7 

at or less than 90 	 51.0 51.0 51.051.0 51.0 51.0 
at or less than 100 51.0 	 51.0 51.0 51.0 
at or less than 110 65.2 	 82.2* 83.6" 86.2" 65.2 65.2 65.2 82.2* 88.5* 89.6' 

92.1 91.1' 89.7* 90.5* 91.1 92.4 94.2
77.7 91.1 90.6at or less than 120 	 99.5 99.6 

at or less than 150 97.9 	 100.0 99.4 99.5 100.0 99.4 99.4 100.0 


103 103 102 101 102 102 105 104 104
 
Average market price 100 

Av. variation around 11.019.0 18.8 11.9 11.9 
the target price in % 27.4 	 13.9 14.6 13.9 18.1 


2
Probability of being 
22.3 25.8 21.5 13.2 25.9 23.8 22.3 19.7 15.0 

out of stocks 
Average r serve stock 45.3 57.2 75.6 

in million tons4 23.4 44.6 59.9 21.7 33.3 26.2 

Average wodId produc­ 1308 1513 1750 
tion in million tons 1308 1513 1750 1308 1513 1750 

Percent stocks are of 2.59 2.00 3.78 4.32
1.79 2.94 3.42 1.66 2.20

production 


Coefficient of varia.
 
tion in stocks in %
 

88 07 85 69 	 100 95 89 84 71 
of the mean 

not mean that this is the total of all stucks. We assume that working stocks for 
'The assumption of beginning stocks of 20 million tons does 

normal intra-year business operations are in being and in addition to the 20 million tons of beginning reserve stocks, 

The demand function is assumed to be linear, hence the elasticity of -. 1 holds only et the mean. 
3 The starred probabilities give the probability of market price falling within the particular bounded price objective.
 

on 
this line, because the estimates presented on 
4 stock for any given year may be greater or less than the estimates presented
The actual reserve 

possible stock quantities. Each level of reserve stocks has a probability. Those probabilities are not presented here; 
this line are mean averages of 

they are discussed in the technical sectior. of this report.
 

year from 1975 to 1985, because it is assumed that world demand and world supply grow at uniform and 
'The free market price is 100 for every 
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Table 3. Price stabilization results: All grains, world model .th alternative bounded price rules for selected years, 
1975-1985, with the assumpt'"'rsn dbq _nireserve stock of f0 million tons 

and a pr ce elasticity of demand of -. 1' 

Free Plus or rna'n, 10% Plus or minus 20% Plus 10%, minus 5% 
of the target price, 100 of the target price, 100Measure market of the target lraic-00 

1975 1980 19 e!5 1975 1980 1985 1975 1980 1985 

Probability in percent 
of market price being3 

at or less than 50 4.2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 
at or less than 80 25.6 0.0 0.0 0.0 25.6 25.6 25.6 0.0 0.0 0.0 
at or less than 90 38.7 28.7 38.7 38,7 38.7 38.7 38.7 0.0 0.0 0.0 
at or less than 100 51.0 51.0 51.0 '1. 51.0 51.0 51.0 51.0 51.0 51.6 
at or less than 110 65.2 95.8* 88.3* 36.1' 65.2 65.2 65.2 95.8* 90.4* 91.1' 
at or less than 120 77.7 100.0 93.5 93.3 100.0" 94.6* 93.2" 100.0 94.7 95.1 
at or less than 150 97.9 100.0 V9.6 99,6 100.0 99.7 99.6 100.0 99.7 99.7 

Average market price 100 100 102 102 100 101 101 102 104 104 

Av. variation around 
the target price in % 27.4 9.4 13.2 13.3 16.2 17.6 18.1 7.7 11.2 11.0 

Probability of being 
out of stocks - 4.2 18.1 18.3 1.3 12.5 16.5 4.2 13.8 12.7 

Average reserve stock 
in million tons4 - 50.2 59.5 67.3 50.1 54.2 60.0 52.9 71.6 81.9 

Average world produc­
tion in million tons - 1308 1513 1750 1308 1513 1750 1308 1513 1750 

Percent stocks are of 
production - 3.84 3.93 1"5 3.83 3.58 3.43 4.04 4.73 4.6E 

Coefficient of varia­
tion in stocks in % 
of the mean - 50 31 78 36 73 79 53 71 65 

The assumption of beginning stocks of 50 million tons ace: ., rn.', that this is the total of all stocks. We assume working stocks for normal 
-

Intra-year business operat;nni are in being and in addition to t! rnitiiun beginning stocks. 
1The demand function is assumed to be linear, hence the elasticity of -. 1 holds only at the mean. 

'The starred probabilities give the probability of market pri.j fallir o- hin the particular bounded price objective. 

"The actual reserve stock for any given year may be greater or less tihi'l the estimates presented on this line, because the estimates presented or 
this line are mean averages of possible stock quantities. Each le'(st "/ iorve stocks has a probability. Those probabilities are not presented here 
they are discussed in the technical section of this report. 

'The free market price is 100 for every year from 197,i to 1985, bcatuw itisassumed that world demand and world supply grow at uniform anc 
equal rates. 
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Table 4. Price stabilization results: All grains, world model with alternative bounded price rules and a limitation on stoc k
accumulation' for selected years, 1975-1985, with the assumptions of a beginning reserve stock of 20 million tons' 

and a price elasticity of demand of -. 1' 

Free Plus or minus 10% Plus or minus 20% 
Measure market of the target price, 100 of the target price, 100 

6 1975 1980 1985 1975 1980 1985 

Probability In percent 
of market price being 
at or less than 50 4.2 0.0 1.4 1.5 0.0 1.2 1.3 
at or less than 80 25.6 13.2 13.7 13.2 25.6 25.6 25.6 
at or less than 90 38.7 38.7 38.7 38.7 38.7 38.7 38.7 
at or less than 100 
at or less than 110 

51.0 
65.2 

51.0 
82.2 

51.0 
79.1 

51.0 
78.6 

51.0 
65.2 

51.0 
65.2 

51.0 
65.2 

at or less than 120 77.7 91.1 88.2 88.2 91.1 88.3 88.0 
at or less than 150 97.9 100.0 99.2 99.2 100.0 99.3 99.3 

Probability of market 
price falling within 
the bounded range4 - C4.4 59.2 59.4 80.1 76.8 77.5 
,verage market price 100 100 100 101 100 100 100 
,v.variation around 
the target price in % 27.4 17.5 20.0 19.8 19.9 21.6 21.6 

'robability of being 
out of stocks 22.3 32.5 32.3 13.2 28.9 29.9 
,verage reserve stock 
in million tons5 19.9 22.0 29.7 20.0 21.5 24.1 

5,verage world produc­
tion in million tons - 1308 1513 1750 1308 1513 1750 

lercent stocks are of 
production 1.52 1.45 1.41 1.53 1.42 1.38 

,oefficient of varia­
tion in stocks in % 
of the mean 71 87 86 56 84 85 
Reserve stock accumulation for the world is limited to 3percent of total world grain production in each year.
 
The assumption of beginning stocks of 20 million tons does not mean that this is the total of all stocks. We assume that working stocks for
 
normal intra-year business operations are in being and in addition to the 20 million beginning reserve stocks.
 
The demand function isassumed to be linear, hence the elasticity of -. 1 holds only at the mean.
 
The probabilities of market price falling within the bounded price range differ in this exercise from the estimates presented opposite the price
 
levels immediately above, hence they are presented here as separate estimates.
 
The actual reserve stock for any given year may b,# greater or lesr than the estimates presented on this line, because the estimates presented on
 
this line are mean averages of possible stock quantities. Each level of reserve stocks has a probability. Those probabilities are not presented here;
 
they are discussed in the technical section of this report.
 
The free market price is 100 for every year from 1975 to 1985, because it is assumed that world demand and world supply grow at uniform and
 
equal rates.
 



Table 6. Price stabilization results: All grains, world model with alternative bounded price rules for selected years,
 
1975-1985, with the assumptions of abeginning reserve stock of 20 million tons'
 

and aprice elasticity of demand of -. 2'
 

Free Plus or minus 10% Plus or minus 20% 
of the target price, 100 of the target price, 100

Measure market 
s 1975 1980 1985 1975 1980 1985
 

Probability in percent 
of market price being3 

0.0 0.0 0.0 0.0 0.0 0.0 0.0at or less than 50 
at or less than 80 8.9 0.0 0.0 0.0 8.9 8.9 8.9 

25.6 25.6 25.6 25.6 25.6 25.6at or less than 90 25.6 
at or less than 100 51.0 51.0 51.0 51.0 51.0 51.0 51.0 

89.1' 88.5* 89.5* 76.1 76.1 76.1at or less than 110 76.1 
at or less than 120 92.9 97.9 97.3 97.4 97.9' 97.6' 97.1' 

100.0 100.0 100.0 100.0 100.0 100.0at or less than 150 100.0 

101 100 100 100
Average market price 100 101 101 

Av. variation around 
13.7 9.1 6.6 9.4 12.5 12.6 12.6the target price in % 

Probability of being 
10.7 16.6out of stocks 13.2 26.1 24.1 2.1 

Average reserve stock 
4 45.1 21.3 23.2in million tons 21.6 33.1 20.1 

Average world produc­
1308 1750tion in million tons - 1308 1513 1750 1513 

Percent stocks are of 
1.54 1.33production 1.65 2.19 2.58 1.41 

Coefficient of varia­
tion in stocks in % 
of the mean 69 100 95 28 66 82 

mean that this is the total of all stocks. We assume that working stocks for
'The assumption of beginning stocks of 20 million tons does not 
normal intra-year business operations are in being and in addition to the 20 million beginning reserve stocks. 

2 he demand function is assumed to be linear, hence the elasticity of -. 2 holds only at the mean. 
3 The starred probabilities give the probability of market price falling within the particular bounded price objective. 
4The actual reserve stock for any given year may be greater or less than the estimates presented on this line, because the estimates presented on 

this line are mean averages of possible stock quantities. Each level of reserve stocks has a probability. Those probabilities are not presented here; 

they are discussed in the technical section of .his report. 

free market price is 100 for every year from 1975 to 1985, because it is assumed that world demand and world supply grow at uniform and
'The 

equal rates. 

Is 



Table 6. Price stabilization results: All grains, world model, price variability minimization rule,' for selected years, 
and a price elasticity of demand of -. 13 

1975-1985, with the assumptions of a zero beginning reserve stock2 

4 
Valuation of stability relative to costs

Free 

Measure market Infinite High Moderate Low 

5 1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in percent 
of market price being 

at or less than 50 4.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
at or less than 80 25.6 0.0 0.2 1.3 0.0 0.1 0.3 0.0 0.1 0.3 0.0 0.5 0.8 

1.5 5.3 0.0 3.3 6.0 0.0 7.0 8.6 6.0 20.6 23.6at or less than 90 38.7 0.0 
at or less than 100 51.0 1.3 21.4 33.3 20.7 47.2 51.6 31.2 52.8 53.8 42.8 59.6 61.3 
at or less than 110 65.2 53.1 78.2 81.4 65.2 81.1 81.8 65.2 79.6 80.0 65.2 76.6 76.5 

at or less than 120 77.7 77.7 92.2 93.0 77.7 89.4 89.6 77.7 88.4 88.4 77.7 86.4 86.0 

at or less than 150 97.9 97.7 99.6 99.6 97.9 99.4 99.4 97.9 99.3 99.3 97.9 99.1 99.0 

105 104 110 103 103Average market price 100 116 107 105 112.3 105.6 104.5 111 

Av. variation around 
the target price in % 27.4 20.5 12.7 12.6 19.7 13.4 13.8 19.6 14.4 14.6 19.7 16.1 16.5 

Probability of being 
25.1 44.8 34.0 35.0out of stocks - 32.9 13.2 12.0 38.7 20.5 21.9 40.7 25.2 

Average reserve stock 
33.4 31.9in million tons - 16.5 46.7 62.0 13.3 38.4 12.1 26.3 10.3 18.9 21.2 

Average world produc­
tion in million tons - 1308 1513 1750 1308 1513 1750 1308 1513 1750 1308 1513 1750 

Percent stocks are 
4.22 3.54 1.00 2.21 2.19 .93 1.74 1.82 .79 1.25 1.21of production - 1.26 

Coefficient of varia­
tion in stocks in % 

121 106 111 127 113 120of the mean - 106 90 87 116 101 106 

rule is framed to minimize price variability around the target price for the entire period under consideration, 1975.1985.'The 
2 mean "no stocks." We assume that working stocks for normal Intra-year businessThe assumption of zero beginning reserve stocks does not 
operations are in being. 

'The demand function is assumed to be linear, hence the elasticity of -. 1 holds only at the mean. 

we call X. This A is discussed in the text, but basically X represents the willing­'Valuation of stability relative to costs is measured by an index that 
ness of society to accept program costs to achieve price stabilization objectivec. 

'The values indicated for the free market situation hold for 1975 and every other year from 1975 to 1985. 



Table 7. Price stabilization results: All grains, world model, price variability minimization rule' for selected years,
 
1975-1985, with the assumptions of a beginning reserve stock of 20 million tons, 2
 

with aprice elasticity of demand of -. 1'
 

4
Valuation of stability relative to costsFree 

Measure market Infinite High Moderate Low 
5 1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in percent 
of market price being 

at or less than 50 4.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
at or less than 80 25.6 0.0 0.3 1.3 0.0 0.1 0.4 0.0 0.1 0.3 0.0 0.5 0.8 
at or less than 90 38.7 0.0 1.9 5.4 0.0 3.6 6.1 0.8 7.4 8.6 14.6 20.9 23.6 
at or less than 100 51.0 5.0 22.6 33.6 38.9 47.8 51.7 47.0 53.3 53.8 55.2 59.8 61.3 
at or less than 110 65.2 65.2 78.8 81.6 77.7 81.4 81.9 77.7 79.8 80.0 77.7 76.8 76.5 
at or less than 120 77.7 86.8 92.5 93.1 86.8 89.6 89.6 86.8 88.6 88.4 86.8 86.5 86.0 
at or less than 150 97.9 100.0 99.6 99.6 100.0 99.4 99.4 100.0 99.3 99.3 100.0 99.1 99.0 

Average market price 100 111 107 105 107 105 104 1OF 104 104 103 103 103 
Av. variation around 

the target price in % 27.4 15.2 12.5 12.6 14.2 13.6 13.8 14.1 14.3 14.6 14.7 16.1 16.5 

Probability A being 
out of stocks - 17.8 12.8 11.9 22.3 21.5 21.9 25.6 24.9 25.1 32.9 33.8 35.0 

Average reserve stock 
in million tons - 24.4 48.3 62.6 20.3 31.4 38.6 19.0 26.8 32.0 16.1 19.1 21.2 

Average world produc 
tion in million tons - 1308 1513 1750 1308 1513 1750 1308 1513 1750 1308 1513 1750 

Percent stocks are 
of production - 1.87 3.19 3.58 1.50 1.94 2.20 1.45 1.77 1.83 1.23 1.26 1.21 

Coefficient of varia­
tion in stocks in % 
ofthe mean - 83 90 87 91 103 106 95 106 111 102 113 120 

'The rule is framed to minimize price variability around the target price for the entire period under consideration, 1975-1985. 
2The assumption of beginning stocks of 20 million tons does not mean that this is the total of all stocks. We assume that working stocks for 
normal intra-year business operations are in being and in addition to the 20 million tons of beginning reserve stocks. 

'The demand function is assumed to be linear, hence the elasticity of -. 1 holds only at the mean. 
4 Valuation of stability relative to costs is measured by an index that we call X.This X is discussed in the text, but basically X represents the willing­

ness of society to accept program costs to achieve price stabilization objectives. 
SThe values indicated for the free market situation hold for 1975 and avery other year from 1975 to 1985. 



Table 8. Price stabilization results: Wheat, United States model, with alternative bounded price rules,
 
for selected years, 1975-1985, .with the assumptions of a zero beginninp reserve stock'
 

and a price elasticity of demand of approximately -. 43'
 

Free market Plus or minus 10% Plus or minus 20% 
equilibrium price of the target price of the target price 

Measure $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 
in in in in in in in in in 

1975 1980 1985 1975 1980 1985 1975 1980 1985 
robability in percent 

2f market price being3 

at or less than 50% of T.P. 23 23 27 0 0 0 0 0 0 
at or less than 80%of T.P. 44 39 41 0 0 0 44 38 41 
at or less than 90% of T.P. 52 44 46 52 47 46 52 46 46 
at or less than 100% of T.P. 60 51 51 60 54 53 60 53 53 
at or less than 110% of T.P. 68 57 57 68* 84* 86* 68 61 59 
at or less than 120% of T.P. 74 63 62 74 87 89 74* 84" 86* 
at or less than 150% of T.P. 92 81 78 92 96 96 92 95 94 
Werage market price 3.12 3.23 2.99 3.74 3.33 3.02 3.60 3.27 3.01 
kv. variation around the 
target price in % 44.1 51.2 66.1 27.5 20.2 21.6 30.2 26.9 28.2 
'robability of being out 
of stocks 52.0 20.0 17.0 60.0 24.0 20.0 
Werage reserve stock 
in million bushels 146.4 493.9 620.9 114.7 363.2 494.7 
kverage U.S. production 
in million bushels 2216 2455 2829 2216 2452 2825 
'ercent stocks are of 
U.S. production 6.6 20.1 22.0 5.2 14.8 17.5 
:oefficient of variation 
in stocks in % of the mean 128 85 76 147 92 85 
The assumption of zero reserve not "no We that working stocks for normalbeginning stocks does mean stocks." assume Intre-year business 
operations are in being. 
In this exercise we assume a price elasticity of demand for the U.S. market for wheat of -. 43 for 1975, of which the domestic price elasticity is
assumed to be -. 378 and the export price elasticity is assumed to be -. 5. Over the period 1975-1985, the total market price elasticity increases
 
somewhat as the export share of the market increases.
 
The starred probabilities give the probability of market price falling within the particular bounded price objective.
 



Table 9. Price stabilization results: Wheat, United States model with alternative bounded price rules for selected years, 
1975-1985, with the assumptions of abeginning reserve stock of 250 million bushels' 

and a price elasticity of demand of approximately -. 43' 

Free market Plus or minus 10% Plus or minus 20% 
equilibrium price of the target price of the target price 

Measure $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 
in in in in in in in in in 

1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in percent 
of market price being3 

at or less than 50% of T.P. 23 23 27 0 0 0 0 0 0 
at or less than 80% of T.P. 44 39 41 0 0 0 33 39 41 
at or less than 00% of T.P. 52 44 46 53 29 46 53 46 46 
at or less than 100% of T.P. 60 51 51 60 53 53 60 53 53 
at or less than 110% of T.P. 68 57 57 84* 85* 84* 68 60 59 
at or less than 120% of T.P. 74 63 62 90 89 89 85* 87* 82' 
at or less than 150% of T.P. 92 81 78 100 96 96 100 96 94 

Average market price 3.12 3.23 2.99 3.50 3.32 3.02 3.42 3.25 3.00 
Av. variation around the 

target price in % 44.1 51.2 56.1 15.9 19.7 20.8 20.7 25.4 26.8 

Probability of being out 
of stocks 18.7 17.8 16.4 12.3 19.4 18.3 

Average reserve stock 
in million bushels 339.7 557.5 641.4 318.0 447.0 537.3 

Average production in 
million bushels 2216 2452 2828 2216 2447 2823 

Percent stocks are of 
U.S. production 15.3 22.7 22.7 14.4 18.3 19.0 

Coefficient of variation 
in stocks in %of the mean 77 80 74 68 85 82 

'The assumption of beginning stocks of 250 million bushels does not mean that this is the total of all stocks. We assume that working stocks for 
normal intra-year business operations are in being and in addition to the 250 million bushels of beginning reserve stocks. 

2 In this exercise we assume a price elasticity of demand for the U.S. market for wheat of -. 43 for 1975, of which the domestic price elasticity is 
assumed to be -. 378 and the export price elasticity Is assumed to be -. 5. Over the period 1975-1985, the total market price elasticity increases 
somewhat as the export share of the market increases. 

3 The starred probabilities give the probability of market price falling within the particular bounded price objective. 



Table 10. Price stabilization results: Wheat, United States model, price variability minimization rule,'
 
for selected years, 1975-1985, with the assumptions of a zero beginninf reserve stock 2
 

and a price elasticity of demand of approximately - .43'
 

Valuation of stability relative to costs 
4 

Free 

Measure market Infinite High Moderate Low 

1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Target price $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 

Probability in percent 
of market price being 

at or less than 50% of 
T.P. 23 23 27 0 1 2 0 0 0 0 0 1 0 2 2 

at or less than 80% of 
T.P. 44 39 41 0 7 9 16 19 15 28 30 31 40 42 38 

at or less than 90% of 
T.P. 52 44 46 0 19 22 36 42 37 48 47 45 52 52 50 

at or less than 100% of 
T.P. 60 51 51 12 45 47 51 63 57 60 64 60 60 59 58 

at or less than 110% of 
T.P. 68 57 57 48 79 77 68 78 76 68 71 71 68 65 64 

at or less than 120% of 
T.P. 74 63 62 72 93 91 74 82 83 74 76 76 74 70 69 

at or less than 150% of 
T.P. 92 81 78 92 98 98 92 94 93 92 91 89 92 87 85 

Average market price 3.12 3.23 2.99 4.12 3.28 2.98 3.76 3.22 3.00 3.59 3.23 3.01 3.41 3.21 3.03 

Av. variation around 
the target price in % 44.1 51.2 56.1 29.1 17.7 20.7 28.9 25.5 27.8 31.1 31.2 34.2 34.9 37.9 41.3 

Probability of being 
out of stocks 28.0 6.0 5.0 40.0 26.0 23.0 44.0 41.0 35.0 56.0 56.0 51.0 

Average reserve stock 
in million bushels 246.4 688.5 750.5 156.8 276.8 334.4 115.7 162.8 202.0 71.1 82.5 105.6 

Average U.S. production 
in million bushels 2216 2451 2813 2216 2439 2814 2216 2437 2816 2216 2440 2807 

Percent stocks are of 
U.S. production 11.1 28.1 26.7 7.1 11.3 11.9 5.2 6.7 7.2 3.2 3.4 3.8 

Coefficient of variation 
in stocks in %of 
the mean 90 58 55 106 91 86 115 110 101 135 137 126 

The rule is framed to minimize price variability around the target price for the entire period under consideration, 1975-1985. 
2 The assumption zero beginning reserve stocks does not mean "no stocks." We assume that working stocks for normal intra-year business 
operations are in being. 

for wheat of -. 43 for 1975, of which the domestic price elasticity is 

assumed to be -. 378 and the export price elasticity is assumed to be -. 5. Over the period 1975-1985, the total market price elasticity Increases 

somewhat as the export share of the market increases. 
4 Valuation of instability relative to costs is measured by an index that we call X. This X is discussed in the text, but basically A represents the will­

ingness of society to accept program costs to achieve price stabilization objectives. 

In this exercise we assume a price elasticity of demand for the U.S. market 



Table 11. Price stabilization results: Wheat, United States model, price variability minimization rule,'
 

for selected years, 1975-1985, with the assumptions of a beginning reserve stock of
 

250 million bushels2 and a price elasticity of demand of approximately -. 433
 

4 

Free Valuation of stability relative to costs

Measure market Infinite High Moderate Low 

1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

$2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90 $3.47 $3.18 $2.90
Target price $3.47 $3.18 

Probability in percent 
of market price being 

at or less than 50% of 
0 0 0 1 0 2 2

T.P. 23 23 27 0 1 2 0 0 


at or less than 80% of
 
15 47 29 33 66 42 39

T.P. 44 39 41 0 7 10 0 18 


at or less than 90% of
 
38 66 47 46 72 52 50

T.P. 52 44 46 3 20 23 22 42 


at or less than 100% of
 
63 57 78 64 60 78 58 58

T.P. 60 51 51 34 46 47 40 


at or less than 110% of
 
59 78 76 84 71 71 84 65 6457 72 76T.P. 68 57 80 


at or less than 120% of
 
T.P. 74 63 62 88 94 90 72 83 82 90 76 76 90 71 69 

at or less than 150% of 
98 92 94 93 100 91 89 100 87 8381 100T.P. 	 92 78 98 

3.22 3.00 3.04 3.23 3.01 2.73 3.21 3.03
3.12 3.23 2.99 3.76 3.26 2.98 3.29Average market price 

Av. variation around the 
17.6 19.9 19.3 25.5 27.0 25.2 31.2 33.3 34.6 37.9 40.2 

target price in % 44.1 51.2 56.1 16.5 

Probability of being 
26.0 23.5 24.9 41.1 35.3 35.8 56.2 51.312.3 5.74 4.84 18.7out of stocks 

Average reserve stock
 
in million bushels 
 408.7 702.5 751.3 290.1 278.0 334.4 227.0 162.9 202.0 149.8 82.4 105.6 

Average U.S. production 
2216 2446 281 2216 2438 2814,2216 2437 2816 2216 2440 2807 

in million bushels 


Percent stocks are of
 
18.4 28.7 26.7 13.1 11.4 11.9 10.2 6.7 7.2 6.8 3.4 3.8 

U.S. production 

Coefficient of variation
 
in stocks in % of
 

67 57 55 77 91 86 85 109 101 100 137 126 
the 	mean 


rule is framed to minimize price variability around the target price for the entire period under consideration, 1975-1985.
 
'The 

the total of all stocks. We assume that working stocks for mean that this is 
2 The assumption of beginning stocks of 250 million bushels does not 

stocks. 
normal intra-year business operations are in being and in addition to the 250 million bushels of beginning reserve 

assume a price elasticity of demand for the U.S. market for wheat of -. 43 for 1975, of which the domestic price elasticity is 
3In this exercise we 

the period 1975-1985, the total market price elasticity increases 
assumed to be -. 378 and the export price elasticity is assumed to be -. 5. Over 

somewhat as the export share of the market increases. 
X. This X is discussed in the text, but basically A represents the will­

4 Valuation of instability relative to costs is measured by an index that we call 


ingness of society to accept program costs to achieve price stabilization objectives.
 



PART VI. SOME POLICY AND 

ORGANIZATIONAL ISSUES 


It is not the purpose of this study to recommend either 
for or against an international reserve stock program with the 
objective of i'ricestabilization. That being the case, we do not 
in this study make any recommendation about specific re-
serve stock decision rules. But we believe that the kind of in-
formation developed and presented in this study will prove 
helpful to policyinakers in the concerned countries as to 
whether or not to emibaik upon reserve stock programs that 
seek to achieve international price stabilization for tilegrains, 
Indeed, this kind of infoonalion is essential to rational 
decisiomiaking in this stabilization area. But policy and 
organizatio ial issues exist that hear upoll tie qiestion of 
interna tonal price siabilization for tilegrains that should be 
recognized and undetstood. We will explore sonie of those 
issues in this pilt. 

But first we should like to make two points about the 
functioning ot aii internalioual reserve stock program for the 
grains that are ot alway's fully appreciated. First, grain prices 
would be allowed to vary under the operation of a reserve 
stock program of ite type envisaged in this study, and thus 
pertorn thei prtoper resource allocation role. But the extreme 
and disruptive auplitude of lhose price variations would be 
dampened down by the operation of the reserve stock program. 
Second, in the functioniing of' the world grain market. the 
stabilization objectives and stock decision rules would be 
known to all individuals. tirini and governments operatiig 
in that narkel. Ileice, all operators woutd know what to 
expect witi regard to the future behavior of that market. The 
international graini maket would become a more "fair ganle" 
in that all plavers would le playi g under the same and known 
set of rules. fhe impact of a reserve stock program of the kind 
envisaged here ontthe intermational grain market would not be 
to weaken or destroy it. On the contrary, the market should 
be strengthened as it became increasingly stable and predictably 
Imlioe certain. 

If lie world iarket for grains were a free market in 
which there were ito barriers to trade, their an international 
reserve stock pogialin could operate most effectively and 
efficiently under a single international agercy in which the 
reserve stocks were held in the su plus producing areas and 
were released to the deficit areas as needed. But the world 
market is not one large free market, further, the world market 
is fraught witli uncertainiy. This means that the countries nmtost 
concerned with tle maintenance of adequate doiiestic stup-
plies and stable dthLiestic prices will want those reserve stocks 
st(ored in,or readily available to, their respective cotntries, 
This suggests that itany inlernational reserve stock programn 
cones into being, it will le developed by the countries itost 
concerned Ihrough some form of ijtermational agreement. In 
such an arrangeien t it seetis likely that the management of 
each country's reserve stotck would le undertaken by the 
country involved, lillt sonie form o!" coordinated or concerted 
action would be attempted. Further, we would expect that 
the concerned countries entering into such an arrangement 
might include both importers aind exporters of grains, but for 
somewhat different reasons. The exporters inight include 
Australia, Canada, Thailand. and the United States; the ini-
porters might include various European countries, Japan, and 
the city states such as Ilong Kong and Singapore. Iithe long 
run the Soviet Unioninight find it advantage to enterits 

into such in international stabilization arrangement, but 

recent history suggests that the Soviets would for a time at 
least rely upon imperfect information and chaotic conditions 
in the international grain markets to work to their advantage. 

Given this kind of international organizational arrange­
ment, the policy point that we wish to make is the following. 
For the arrangenlent to be effective, an agreement must be 
made first about tl :,:'abilization target price, or target price 
range, and second about the rules for acquiring and releasing 
stocks. If complete agreement does not exist by the country 
participants to the international arrangement on these points, 
the arrangement would meet with "rough sailing" and 
probably failure. Imagine what would happen if one country 
or group of countries sought to stabilize prices at a lower 
level than that of some other countries. The first group of 
countries would be continuously, or to tileextent possible, 
releasing stocks to drive prices down, while the second group 
would be required to acquire unnecessarily large stocks to 
hold prices up to its price stabilization targets. The inter­

national stabilization effort would be working at cross pur­
poses and would become ali exercise iil frustration and 
failure. 

There are other program issues upon which agreement 
would have to be reached by the participating nations if the 
international stabilization program were to operate success­
fully. These issues include agreement on: 

maximum total stock to be acquired at any
 
point in time, 

2. 	 the shares of that maximumn to be held by each 
country participant, and 

3. 	 some means for coordinating stock acquisition and 
disposition actions by countries so that changes in 
stockpositionsilins countries were deemed by the 
participants to be fair amid equitable. 

in sum, an international effort to stabilize grain prices tbfough 
the operation of reserve stock progranis in individual par­
ticipating countries would require a high degree of coordina­
tion through an international secretariat to make the program 
operate smootlhly and equitably. 

Tile achievement of agreetent on stabilization target 
prices and stocking rules is complicated by the fact that pro. 
ducer interests, which seek relatively high target prices, will 
in some participating countries be predominant, while in 
other countries consumer interests, which seek relatively 
low target prices, viii be predominant. Ini still other countries, 
such as the United States, for example, the producer and 
consumer interests may be sufficiently evenly matched to 
make reaching an agreement within the country on a stabiliza­
tion target price extremely difficult if not impossible. 

This problen of reaching an agreement on the level of 
target price in a country such as the United States may be 
further complicated by the recent theory that the demand 
for grains has in recent years become more inelastic at high 
pri,.es and more elastic at lower prices, wherein consumers 
have more to gain and producers more to lose from price 
stabilization than formerly was the case.' Whether Ihis 

See the FAO document prepared by Jimmye Ilillman, D.Gale 
Johnson, and Roger Gray, lbod Resere Policies for World Food 
Security: A Consultani's Studiy on Aliernative Approaches, ESC: 
CSP/75/2, January 1975, pp. 6-12 (abackground document for the 
Eo
Expert Consultation on Cereal Stock Policies Relating to World 
Food Security, Rome, Italy, February 24-28, 1975). 



theoretical argument will be supported by empirical evidence 
remains to be seen. But if it is, the difficulty of reaching 
agreement on the level of grain target prices will be increased 
within a country such as the United States and among ex-
porter and importer countries in an international agreement 
unless satisfactory ways are found for tile consumer interests 
to compensate the producer interests in an international 
stabilization effort. in other words, given tile agument that 
the denl,:lnd for grain has become increasingly inelastic at 
high prices and increasingly elastic at low prices, consumer 
interests around tie world may be forced to accept higher
price stabilization targets than they currently anticipate or 
make some form of compensatory payments to producers to 
bring the producer interests inito an international reserve stock 
program to stabilize world grain prices. 

On 	the other hand,tileconfiguration of the demand 
curve may not be changing as hypothesized above, tile world 
could experience a series of bountiful harvests and a return to 
a surplus condition, atid the fixed cost plenonierion in farm-
ing could squeeze the net incomes of grain producers to the 
point where they would be happy to participate in an inter-
national stabilization effort at a relatively low target price.
But in this latter situation, would consumers have any strong 
interest inprice stabilization? Probably tot. [hius, we observe 
that at any point in time, there is not likely to be a uiity Of 
interest about ati internaltional reserve stock program for tie 
grains. The producer-consumer dichotomy of interests is a 
powerful one. 

If the consumner-producer conflicts over price stabilization 
for the grains v ithin countries and aniong countries are so 
severe that they preclude the imllenien tation of an inter-
national reserve stock program for the grains - what then? 
One option open to the United States, if it is able to resolve 
its
own consuner-producer conflict over price stabilization,
would be tie implementation of a reserve stock programi 
sufficiently large to stabilize world grain prices. This option 
is not out of the question, even though full costs woultile 

be borne by the United States (or all tie profits flow into tie 
United States, because a certain combitation of events could 
result in the reserve stock program earning a net profit). Tile 
average size of the reserve stock, as suggested by this analysis,
would be smaller than the total stock of grain held by the 
United Statt intie late 1950's and early 1960's in connec­
tion with its farm price support progratis, which incidentally 
served to stabilize world prices. We are not recommending 
this policy option, but it is a realistic option if the United 
States were determined to stabilize its own domestic grain, 
hence food, price level and still be integrated into t lie world 
grain market. 

But for reasons of national pride and diplomatic strategy 
it seems unlikely that the United States will pursue tilecourse 
of action outlined above. What are the next points for con-
sideration? First, the United States is not likely to withdraw 
from the international grain market; it needs that market to 
move its great surplus of grain and to earn foreign exchange.
Second, there is no reason to believe that world grain price 
fluctuations will dampen down of their own accord over the 
next decade. Infact, there are two reasons why the amplitude
of those fluctuations could increase: (I) the increased bit 
sporadic entry of the two great stale trading nations, the 
Soviet Union and the People's Republic of China, into the 
world market, and (2) the changing climate in the northern 
hemisphere and the possibility of increased variability in 

crop growing conditions associated with the changing
climate. Third, there is no evidence to suggest that, and there 
is no logical reason why, private traders will increase their 
holdings of grain stocks in the future to moderate wide and 
unpredictable price fluctuations associated with unpredictable 
variations in world crop production and tile trading policies 
of the state tr,ing nations. 

The logical argument in support of tIis i,.point
follows:
 

". . . tile profit motive will guide graill into coil.
 
sumption or storage according to tacts presently

known, beyond which the mo st probable will be
 
assumed ineaning nornal or average t)r(dhiction. 
It amounts to a conltraliclio ill t)ask theteris 

marketplace to dictate stocks accmulation according 
to the lesser probability of some fitlilne crop tailure. 
To be sure, some participanis mayipreli,,c the pur­
chase of fututires contracts upon the chance ihal 
crops not yet planted will fail.ibll likewise others 
will sell ill anticipation ot hluiipme Clops. tItiless 
market psych olog.\ is persisitelily biased on the pes­
simistic or optimistic side ot* iiatters, tile naiket 
must reflect the known and iost prohbable. 'Tliere 
are no profits to be earned by consistenlly investing 
in inprobable prospects aMid crop t'ailures. lacking 
regularity and predictahility as ithey do. are not coin­
mercial propositions until stchli ie as inforntaliotn
becomes available it)diminisli the high probability
of an average crop. I1coIp vields :uie hetaken io 

stochastic (after title
allowa nce for trends aMid con­
trol measures) then the m(1st protitable assumption 
is that yields in any futre year wilt be nornal." ' 2 

Thus, inonr view, world graini price variahilily seems likely 
to be as great, or greater, in tihe next decade than it was intihe 
last. The problem of price instability in the grains, wit litihe 
appropriate lags in aninal pioduct plices, is not going away by 
itself, nor vili it be wislted away. Inthis cotnlexi whil are tile 
policy prospects inthe tInited States? 1'h'r are norre ofthc 
same. In periods of sharply rising farin aid [od prices, policy 
actions in the United States alie likely to ilIclnIde: 

I. 	 tileimposition of ceiling prices oii food products, 

2. the further expansionl of food programs to assist tie 
poor (e.g., tie food stanp plal), 

3. 	 the use of export limlitat ions of both tlormal aid in­
formal types, ald 

4. 	 sporadic attacks oi the monopolistic practices of 
big busitess and big labor in the food indtstries. 

In periods of falling farm prices ard slable to declining food 
prices, policy actions in the United States are likely to in­
elude: 

I. 	 efforts to maintain or raise coninodily loan rates, 

2. 	 the Imposition of production controls, 
3. 	 the expansion of foreign food aid programs, and 

4. 	 the making of suppletnental income payments to 
medium and small sized commercial farmers. 

''FoodReserve Policiesfor World Food Security: AConsultant's 
Study on Alternative Approaches. ibid., pp. 1-2. 



The basic policy issue confronting consumers and pro-
ducers of grain products specifically, and food products in 
general, in the United States may be formulated as follows, 
Are those interests content to leave tie world grain price 
instability problem untouched and deal with its domestic 
symptoms in the future in essentially the same ways as they 
have been doing in the past 10 years? Or do they wish to 
initiate an international grain reserve program with the 
capacity to effect some reasonable stability in international 
grain prices and thus reduce the pressure to implement 
countervailing, or compensating, domestic programs? This is 
the basic policy issue confronting consumers and producers 
of food in the U;ioted States in the foreseeable future. 

programs, no superscripts or subscripts are used. Names of 
Integer variables begin with letters I through N. The name of 
the first index of an integer variable always begins with M and 
the last one with N. For example, the index of a period is 
denoted by IT, the first period isdenoted by MT, and the last 
one by NT. Some of the notations used in this part are sum­
narized intable 12. 

Table 12. Notation Used inPart VII 

Corresponding 
Variable Symbol integer variable 

Name First Last 

PART VII. TECHNICAL DISCUSSION 

OF COMPUTATIONAL PROCEI)URES 


The discussion in this part is designed for teclnicians 
interested inreviewing the procedures employed in this study 
fbr deriving empirical estinates. It should be useful also to 
those technicians who might be interested in developing 
further the reserve stock idea; and estimates presented in this 
study. A program was composed to compute the price variabil-
ity ninimization stocks rule for price stabilizat ion. The pro-
gran also computes the probability distribultions of prices 
and stocks that result from applying dilferent stocks rules. 
The computational procedures are explained in this part. A 
detailed flow chart of :omptutation isprescnted in Appendix 
B. 

Computation of the price variability minimization stocks 
nile. --Any continuous varialhle (e.g., price, stocks, random 
disturbance) isapproximated by dividing its domain into a 
series of discrete points. A correspondence between these 
points and the integers isthen defined. For examnple, suppose 
that the domain of stocks isfront 0 to 1000 (i.e., the proba-
bility of being less than 0 or greater than 100(0 iszero) and 
that the approXilmation is made by using intervals of 100 be-
tween ai'y two points. 'Ihen it isassumed that stocks can take 
on values of O,100, 200...,1000, and the correspondence 
between stocks and integer index isdefined isfollows: 

CC(IC) INDEXC(C) 
0 1 

100 2 
200 3 

IO0 1 

where CC(IC) is the quantity of stocks corresp nding to the 

Index IC(IC=I, 2....) and INDEXC(C) is the integer index 
corresponding to a stocks quantity of C. By making the 
divisioni finer, one can approixiniate tfire variable tinder dis. 
ctUssion as close as lie wants to, but, of course, comnputation 
cost Increa. 

Current price 
Lagged price
Market price 
Carryover stocks 
Beginning stocks 

(stocks from 

P 
P1 
PP 
C 

Cl 

IP 
IPI 
IPP 
IC 

IC1 

1 
1 
1 
1 

1 

NP 
NP 
NP 
NC 

NC 
previous period) 

Target price 
Time index 
Random disturbance 

PSTAR 

E 
IT 
IE 

MT 
1 

NT 
NE 

Unit storage cost 
Discount rate 

THETA 
DE LTA 

Marginal substitution 
of instability 
for cost 

LAMBDA 

The correspondence between the values of a variable and 
the integers enables us to express some of the functions in)the 
system as functions of integer indices. For example, the stocks 
rule is a function of the market price and the beginning stocks 
and can be translated to a function of integer indices, say 

'IPi, ICI, IT)- [P(IIpil. (''(('), ITI I'= 1,2. NC 
= 
IPI , NP 

where P(IPP) and CC((' I) are tie plice and stocks correspond­
ing to the integers IN)1,aid I('1 respectively and IT is the time 
index. 

The computation procedtre is basically a dynamic pro­

gramming one. A stunnnary of the problem follows. A plan. 
ning period isdivided into silfyriods t= I,2..... i each 
period the free market price (11t) is dtertined by tile price 
of the la,:t ) and by a stochastic disturbance elperiod (P,.I 
which has a known probability distribution. The final pri 
of period t, (1),), isdeterniined by the 

C, 
free market price (PI,) 

and by the change of stocks (ACI Ct-I ). The problem 
isto find stocks rules I ,P(t(, )Jas func.jions of the begin­

which minimzenitg stocks (C1. 1) and of te market price (111) 

liP* +.C
E 2-N} -F) 

1+) 

Following the approxination by discrete points, all con- where Pr Isa target price for period I 
linuous probability distributions are approxiiated by dis. 0 Isa unit storage cost per period 

X Isa weight that defines a desired marginalcrete probability distribut ions so that instead of density 
functions there are probability-niass functions, substitution rate betw.en instability and cost 

Before rroceeding to the conputations let us explain the 6 Isa discount rate 
and E stands for the expectation operation.notations in this part. Following the notation of conputer 
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Following the demand and supply model (see part I!), (b) IPP = INDEXP(PP)
 
the following two functions are defined in the program: where INDEXP is a function that transforms prices
 

(a) 	 The free market price (PP) at some period IT as a 
function of the disturbance (E) and the price of the 
previous period (PI). This function will be denoted 
by 

PPFEP(E,PI, IT). 


(b) 	 The final price (P) at some period J, as a function of 
the free market price (PP) and the change of stocks 
(DC). This function will be denoted by 

PFPPDC(1P, DC, IT). 

The planning period in the present notation is from MT 
to NT (see table 12). The computation starts with the last 
period (NT) of the planning period. For each pair of indices 
IC I, IPP, corresponding to beginning stocks (Cl) and market 
price (PIP), respectively, the program finds the carryover 
C(IC I, IPP, NT) that minimizes the objective function for 
period NT Ii.e., tileinstability index for period NT, weighted 
by LAMBDA, plus carryover cost (TIlETA times C)]. Basically, 
for a given pair (ICI, IPP), the program runs over all the 
indices IC = 1,2, ..., NC (that correspond to different values 
of carryover). For each of them it computes: 

(a) 	 The change of stocks 
DC = CC(IC) -CC(ICl)DC =CC0C)I(b) -CQIC 

where CC(I) is the quantity of stocks corresponding 
to I (I= IC or ICI respectively). 

(b) 	 The price 


PFPPDCIP(IPP), DC, NT] 


where P(I) is the price corresponding to the integer 
index I(1 = IPP for the market price PP). 

(c) The value of the objective function for period NT, 
i.e., 


FPFPPDC - PSTAR12L PSTAR j * LAMBDA + C(IC) * THETA 

where PSTAR is the target price. 

The program then picks up the level of carryover for 
which the last expression is minimal. This level of carryover is 
stored in an array denoted by CICI, IPP, NT). 

The minimum value of the objective function for period 
NT, given CC(ICI) and P(IPP), is also stored in an array 
denoted by V(I( 1,IPP). 


Recall that the market price (PP) is a function of the 
lagged price (P 1) and tie disturbance (E). The next step Is to 
compute the expectation of V over E.This isdone as follows: 
For any given value of the integer index IPI(IPI = I, 2, ... 
NP) (corresponding to a lagged price Pl) and ICI(correspond-
ing to a beginning stocks C I), the program runs over all theindies ii ad cntpues:period 
indices IEand computes: 


(a) 	The market price PP 


PP = PPFEPI [E(IE), P(IPI), iT] 


where E(IE) is the disturbance corresponding to the 
integer Index IEand P(IPI) is the price corresponding 
to IPI. 

into their corresponding integer indices. 
(c) 	 V(ICI, IPP)-PROBE(IE) 

where PROBE(IE) is the probability of the dis­
turbance E(IE). 

Finally the program sums all the last expressions for IE= 
1, 2, ..., NE. Obviously, tileexpected value of V is a function 
of the beginning stocks CIand the lagged price PI (or their 
correspondirg integer indices ICI, IPI), and it is stored in an 
array denoted ty 

EV(IC 1, Il), (ICI = I, 2, ..., NC. IPI = I, 2...,NP). 

It is possible now to compute the minimization stocks 
rule for period NT-I by a similar procedure. Given any pair 
ICI, IPP (now standing for beginning stocks and market price 
of period NT-I instead of NT), run over all indices IC = 1, 2, 
..., NC (now standing for carryover of NT-1) and find the one 
for which the objective function for the period (NT-I, NT) is 
minimized. This is done similarly to period NT as follows: 

For each IC compute: 
(a) 	 The change of stocks 

D)=C~C CII 
The price 

PFPPDC [P(IPP), DC, NT.I] 

and its corresponding integer index 

IP = INDEXP(PFPPDC) 

(c) 	 The value of the objective function for the period 
NT-I, NT 

r 
PFPPDC - PSTAR * LAMBDA + CI 

L PSTAR J TI ~ 
TIT 

D 
ET 

*EA+TEV(IC, IP). 

TE LTA 

Then the program picks up the carryover for which the 

last expression is minimal and stores it in C(IC I, IPP, NT-I). 
The minimal value V(ICI, IPP) for (NT. , NT) replaces Ihe 
V(ICI, IPP) for NT in the same array. The only difference be­
tween NT-I and NT is that in the latter the objective function 
does not include EV as it does for the first. 

Next, the EV(IC, Iii) for (NT-I, NT) is computed exactly 
as it was computed for NT and the program is ready to com­
pute the optimal rule for NT-2 which is done exactly as for 
NT-I but with a different time index. Period by period it pro­
ceeds from NT down to the first period of planning (i.e., MT). 

For tte conpitation of the iiin/ation stocks rules, 
the only information that must be carried from period to 
eriod of coni utation is the expected value V of hie last 

period ofof computationcomputation.pecte IIlence much memoryaspacee isis saved.sved.the v 
However, the program also stores the stocks rules C(IC I, IPP, 
IT) of all the periods for the computation of probabilities. 
These computations are described later in this part. Before 
going through the probability computations, let us describe 
another stocks rule that was analyzed, namely a bounded 
price rule, In addition to the minimization stocks rule described 
above. 
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The bounded price rule. - This rule refers to some pro- (b) 	The probabilities of the stochastic disturbance of 
period IT, denoted byposals for price stabilization that have a common feature of 


considering only price signals as indicators for reserve stocks PRBE(IE) IE = 1,2 ... , NE
 
activity. The level of beginning stocks enters the bounded price
 
rule only in a primitive way; i.e., negative stocks are not The assumptions of the model imply that (a) and (b) are
 

feasible, so the minimal carryover is zero. mutually independent. It follows that the probability of the

combination of indices (ICI1, IPI, I E) equals the product 

The rule is: Define a range of prices with a lower and an 

upper boundary. If the price should fall below the lower PRBCP(IT-I, ICI, IPI) *PRBE(IE). 
boundary the rule says to acquire stocks in the quantity that 
will push the price back up to the lower boundary. If the 

The following steps also are determined by the same combina 
price is within the range, do not sell or buy anything. Finally, 

tion of beginning stocks, lagged price, and current disturbance: 
if the price should rise above the upper boundary, sell that 
quantity of stocks that will drive the price down to the lower (a) P(IPI) and E(IE) determine the market price (PP) by
 
boundary. If there are not enough stocks to achieve this, then the function PPFEPI(E, Pi, IT):
 
tile upper price boundary cannot be maintainid. PP = PPFEPI(E, PI, IT)
 

Figure I is a flow chart of the bounded price rule. In this which in turn is transformed to an integer Index IPP 
flow chart the boundaries are defined as percentages of target by 

= prices IPSTAR(iT)]. I ald B2 are tile percentages of the 	 IPP INDEXP P) 
lower boundary and tile upper boundary respectively. PSTAR I (P 
and PSTAR2 are the boundaries and Il'STR 1, IPSTR2 their where INDEXP(P) is the function that translates 
corresponding integer indices. I)C is the required change of price to te corresponding integer index. 
stocks and BNI)(PSTARJ. Pl), IT) is a function that defines (b) The market price PP (represented by IPP) and the 
the change of stocks needed when the market price is PP to beginning stocks (represented by ICI) determine the 
change it to PSTARJ. As before, ('(IC I, IPP, IT) is the st, 'ks Cquantity of carryover by the stocks rule (ICI, IPP,rule. fcryoe yth tcs ueCICIP 
rule. IT). This in turn is translated into the integer index 

(I) by 
Probability computations of prices and stocks. - The IC = 1NDEXC [C(ICI, IPI, IT)] 

most important infornation for the study of the implications 
of any stocks rule in the context of price stabilization is em- where INDEXC is the function that translates quan­
bodied in the probability distribution of prices and stocks tities of stocks into the corresponding integer index.
 
under the application of tile rule. In this section the program In addition, the change of stocks DC is computed by
 
of probability computation is described. More details can be
 
found in the flow chart in Appendix B. DC = CC(IC) - CC(IC 1),
 

To this part of' the progran, the stocks rule isgiven which, given the market price (calculated in (a) above), de­
exogenously. Actually two rules were examined: (a) tile termines the final price by the function PFPPDC and its integer 
minimization stocks rule and (b) the bounded price rule, Index (IP) by 
both discussed in this part. The central computation of this IP = INDEXP[PFPPDC(PP, DC, IT)]. 
part of the programi is the computation of the joint probability N D 
distribution of stocks and prices in any period IT. Let us, 
therefore, begii with this. The marginal and cumulative proba- In summary, each combination of indices (IC 1, IPI, IE) 
bilities, as well as some instability indices, will be described results In a combination of indices (IC, IP) and a probability 
later. PRBCP(IT-1, ICI, IPI)*PRBE(IE) attached to it. 

However, there might be more than one combination ofJoint probability distribution of prices and stocks. ­
(ICI, IPI, IE) that results in tile same combination of (IC, IP).Recall that according to the approximative procedure, price 
Hence to obtain the joint probability, PRBCP(IT, IC, IP), the may obtain only values of 
program sums all the products

P(IP) [P= , 2, .... NP, 
PRBCP(IT-l, ICI, IPI)*PRBE(IE),
 

and stocks may obtain only values of corresponding to combinations of (ICI, IPI, IE), that result
 

CC(IC) IC = 1,2, ..., NC. 	 inthe same (IP, IC). Figure 2 summarizes the above description 

in a flow chart of the program that calculates the joint proba-The joint probability of stocks and prices in period IT is de. 
bilities.noted by PRBCP(IT, IC, I1). 

PRBCP(IT, IC, I1)E Probability [stocks= CC(IC), Price =P(lP)]. Using the joint probabilities of stocks and prices, the pro­
gram proceeds in calculating the marginal probabilities of 

Two stochastic elements are involved in the computation prices and stocks, their cumulative probabilities, and some
 
of PRBCP(IT, IC, I11), namely: indicators of magnitudes and istability.
 

(a) 	 The joint probabilities of stocks and prices of the 

previous period (IT- I), Marginal and cumulative probabilities and some indicators 

i.e., PRBCP(IT-I, ICI, IPI) 	ICI = I, 2, ... , NC of Instability. - The marginal probabilities of prices and stocks 
IPI = 1, 2, ... , NP are calculated by summing over the stocks indices and price 
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Figure 1..A flow rh2art c. the bounded price rule 

PPSt>%. 0 82)*PSTAR(IT) 

IPTNDFi.ZP(PSTAR1) 

IPP=1,IPSTRI IC1-1,NC II ?PI (ICI)+DC 

__________IT=MT,NT 

IPP=IPSRI1,IPSTR2 ICI1,NC CC~l1=~C7'N~T 

IPP=IPSTR2,NP IC1-1,NC 
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IP=I,NP IC=,NC PRBCP(ITIC,IP)=O:: . 

PP=PPFEP1 [E(IE),P(IP1),IT] 
IPP=INDEXP(PP) 

_1 
C=C(IC1,IPP,IT) 
IC=INDEXC(C) 

- 1 -
IP1=NP IE=1,NE 

ICl=1,NC F DC=CC(IC)-CC(ICl)

A 
P=PFP1DC[P(IP1),DC,IT]I 

IP=INDEXP(P) 

PRBCP(IT, IC,IP)=PR BCPIlT, IC,IP) 
+PRBCP(IT- 1,1Cl,IP1)*PRBE(IE) 

Figure 2, A flow chart of the computations of the
 
Joint probabillItles of stocks and prices
 



Indices respectively. More specifically, for a certain period IT: (11) Average coefficient of variation 

PRBP(IP) = Z PRBCP(IT, IC, IP) ACVTP = (IIN)1 / 2 /(IT.MT + I) 
IC (This Is a measure of the average deviation aroun 

target price for the whole period MT through IT.)PRBC(IC) = 2 PRBCP(IT, IC,IP) 
IP (12) Discounted mean of stocks 

where PRBP(IP) = probability [price P(IP)J 	 IT 
DMEANC = I MEANC(I)*

and PRBC(IC) = probability [stocks = CC(IC)]. 	 I=MT 1/(I+DELTA) 
Using the marginal probabilities, the program then com­

putes the following indicators for each period IT: (13) Average (nondiscounted) mean of stocks
 
(1) Mean of price 	 IT 

MEANP(IT) = E PRBP(IP)*(IP) 	 AMEANC = Y. MEANC(I)/(IT-MTI 
I=MTIP 

(2) Standard deviation of price 	 Finally, the program computes the cumulative pi 
=VARP(IT) IS PRBP(IP)*{P(IP) - of prices and stocks by 

IP MEN(T)2'jIPMEANP(IT) 2 1 , 	 PRBP(IP) = - P.RBP(I) 

1=1 
(3) Coefficient of variation of price 	 IC 

CVP(IT) =VARP(IT)/MEANP(IT) 	 PRBC(IC) = 2 PRBC(I) 
(4) Index of variability around the target price 	 1I 

VIP(IT) 	= IXPRBP(IP)*{P(IP) - PSTAR(IT)) 21/2 where PRBP(IP) now stands for probability [pric 
IP and PRBC(IC) now stands for probability [stock 

(5) Coefficient of variation around target price 	 This concludes the description of the computatic 
CVTP(IT) = VTP(IT)/PSTAR(IT) 	 gram. For more details see the flow chart in Appendi: 

(6) Mean of stocks 

MEANC(IT) = Z PRBC(IC)*CC(IC)
 
IC
 

(7) Standard deviation of stocks 

VARC(IT) = [YPRBC(IC)* {CC(IC) -

IC
 

MEANC(IT)) 2 ] '2 

(8) Coefficient of variation of stocks 

CVC(IT) = VARC(IT)/MEANC(IT) 

All the above indicators measure the magnitude and 
variability of price or stocks in a certain period IT. While the 
standard deviation and the coefficient of variation measure the 
average absolute and relative deviation around the imean respec­
tively, VIP and CVTP measure the average absolute and rela. 
tive deviation of prices around the target price respectively. 

In addition, the program computes for each IT cumulative 
Indicators for the whole period from MT through IT. These 
are: 

(9) Discounted instability index 

IT
 
DIIN = 2; CVTP(I) 2 *I/(+DELTA)OT'MT)
 

i=MT
 

(10) Instability index (not discounted) 

IT
 
IIN = E CVT(l) 2
 

t:MT 



APPENDIX A 

TABLES
 

Appendix table 1. Whect, world model with alternative bounded price rules, for selected years, 1975-1985, 
with the assumptions of a zero beginning reserve stock' and alternative price elasticities of demand 

Price elasticity of demand of - .22 Price elasticity of demand of - 33 

Plus or minus Plus or minus Plus or minus Plus or minus 
Measure Free 10% of the target 20% of the target Free 10% of the target 20% of the target 

market price, 100 price, 100 market price, 100 price, 100 
1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in percent 
of market price being4 

at or less than 50 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
at or less than 80 23.9 0.0 0.0 0.0 23.9 23.9 23.9 13.2 0.0 0.0 0.0 13.2 13.2 13.2 
at or less than 90 36.7 36.7 36.7 36.7 36.7 36.7 36.7 31.0 31.0 31.0 31.0 31.0 31.0 31.0 
at or less than 100 51.0 51.0 51.0 51.0 51.0 51.0 51.0 53.1 53.1 53.1 53.1 53.1 53.1 53.1 
at or !ess than 110 67.1 67.1" 81.8* 85.8* 67.1 67.1 67.1 74.4 74.4* 84.7* 87.7* 74.4 74.4 74.4 
at or less than 120 79.3 79.3 89.5 92.0 79.3* 86.6* 89.4* 89.1 89.1 94.3 95.6 89.1* 91.7* 93.0. 
at or less than 150 99.4 99.4 99.8 99.9 99.4 99.8 99.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Average market price 100 106 103 102 103 102 101 100 103 102 101 101 101 101 
Av. variation around 

the target price in % 24.3 18.3 14.2 13.3 20.5 18.6 18.1 16.3 13.0 11.1 10.6 15.0 14.6 14.4 

Probability of being 
out of stocks - 67.1 30.7 23.5 79.3 39.8 29.8 - 74.4 34.9 26.8 89.1 56.4 42.6 

Average reserve stock 
in million tonss - 4.5 19.5 31.2 2.3 11.2 18.6 - 3.3 15.1 24.8 1.0 5.3 9.4 

Average world produc­
tion in million tons - 389 455 532 389 455 532 - 389 455 532 389 455 532 

Percent stocks are of 
production - 1.15 4.29 5.87 0.59 2.46 3.50 - 0.85 3.32 4.66 0.26 1.17 1.76 

Coefficient of varia­
tion in stocks in % 
ofthe mean - 181 108 98 238 124 109 - 209 116 103 331 153 127 

'The assumption of zero beginning reserve stocks does not mean "no stocks." We assume that working stocks for normal intra-year business 
operations are in being. 

2 The demand function is assumed to be linear, hence the elasticity of -. 2 holds only at the mean. 
The demand function is assumed to be linear, hence the elasticity of -. 3 holds only at the mean.

4 The starred probabilities give the probability of market price fatling within the particular bounded price objective. 
'The actual reserve stock for any given year may be greater or less than the estimate presented on this line, since these estimates are mean averages
of possible stock quantities. Each level of reserve stocks has a probability, but those probabilities are not presented here; they are discussed In the 
technical section of this report. 



Appendix table 2. Wheat, world model with alternative bounded price rules, for selected years, 1975 1985,
 
with the assumptions of a beginning reserve stock of 20 million tons i
 

and alternative price elasticities of demand
 

Price elasticity of demand of -. 22 Price elasticity of demand of -. 33 

Plus or minus Plus or minus Plus or minus Plus or minus 
Measure Free 10% of the target 20% of the target Free 10% of the target 20% of the target 

market price, 100 price, 100 market price, 100 price, 100 
1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

'obability in per­
int of market price4 
-ing 

it or less than 50 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
it or less than 80 23.9 0.0 0.0 0.0 23.9 23.9 23.9 13.2 0.0 0.0 0.0 13.2 13.2 13.2 
it or less than 90 36.7 36.7 36.7 36.7 36.7 36.7 36.7 31.0 31.0 31.0 31.0 31.0 31.0 31.0 
it or less than 100 51.0 51.0 51.0 51.0 51.0 51.0 51.0 53.1 53.1 53.1 53.1 53.1 53.1 53.1 
it or less than 110 67.1 92.9' 86.9* 87.9* 67.1 67.1 67.1, 74.4 95.8* 90.4' 90.2' 74.4 74.4 74.4 
it or less than 120 79.3 97.9 92.7 93.2 97.9* 93.1' 92.5' 89.1 100.0 96.8 96.6 100.0' 98.2' 96.9' 
it or less than 150 99.4 100.0 99.9 99.9 100.0 99.9 99.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
verage market price 100 101 102 102 100 101 101 100 100 101 101 100 100 100 
v. variation around 
:he target price 
n % 24.3 10.2 12.8 12.7 15.9 17.1 17.4 16.3 8.8 10.1 10.2 13.5 13.7 13.9 
'obability of being 
)ut of stocks - 10.9 21.3 19.9 4.2 16.2 19.8 - 5.6 19.7 20.8 2.1 7.1 13.4 
verage reserve 
;tock in million 
:ons s - 20.5 28.1 37.2 20.1 22.7 27.2 - 20.3 25.1 32.0 20.0 20.4 21.7 
verage world pro-
Juction in million 
ons - 389 455 532 389 455 532 - 389 455 532 389 455 532 
ircent stocks are of 
)roduction - 5.27 6.18 7.00 5.17 4.99 5.11 - 5.22 5.52 6.02 5.14 4.49 4.08 
3efficient of varia­
:ion in stocks in %
 
)f the mean 59 92 91 41 81 91 - 51 89 93 25 58 75
 

'he assumption of beginning reserve stocks of 20 million tons does not mean that this is the total of all stocks. We assume that working stocks for
 
iormal intra-year business operations are in being and in addition to the 20 million tons of beginning reserve stocks.
 
'he demand function is assumed to be linear, hence the elasticity of -. 2 holds only at the mean.
 
"hedemand function is assumed to be linear, hence the elasticity of -. 3 holds only at the mean.
 
"hestarred probabilities give the probability of market price falling within the particular bounded price objective.
 
'he actual reserve stock for any given year may be greater or less than the estimate presented on this line, since these estimates are mean averages
 
if possible stock quantities. Each level of reserve stocks has a probability, but those probabilities are not presented here, they are discussed in the
 
echnical section of this report.
 



Appendix table 3. Rice, world model with alternative bounded price rules, for selected years, 1975-1985,
with the assumptions of a zero beginning reserve stock' and alternative price elasticities of demand 

Price elasticity of demand of -. 22 Price elasticity of demand of -. 33 

Plus or minus Plus or minus Plus or minus Plus or minus
Measure Free 10% of the target 20% of the target Free 10% of the target 20% of the target

market price, 100 price, 100 market price, 100 price, 100 
1975 1980 1985 1975 1980 1985 1975 
 1980 1985 1975 1980 1985
 

Probability in per­
cent of market price
 
being4 

at or less than 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
at or less than 80 13.2 0.0 0.0 0.0 13.2 13.2 13.2 4.2 0.0 0.0 0.0 4.2 4.2 4.2 
at or less than 90 31.0 31.0 31.0 31.0 31.0 31.0 31.0 22.3 22.3 22.3 22.3 22.3 22.3 22.3 
at or less than 100 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 
at or less than 110 74.4 74.4* 84.6' 87.7* 74.4 74.4 74.4 83.6 83.6* 89.3* 90.8* 83.6 83.6 83.6 
at or less than 120 89.1 89.1 94.3 95.4 89.1' 91.7* 92.7* 97.9 97.9 98.9 99.1 97.9* 98.1" 98.1* 
at or less than 150 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Average market price 100 103 102 101 101 101 101 100 101 101 101 100 100 100 
Av. variation around 

the target price
in % 16.3 13.0 11.1 10.6 15.0 14.6 14.4 10.8 9.3 8.7 8.5 10.7 10.7 10.7 

Probability of being 
out of stocks - 77.7 39.3 29.6 91.1 62.6 48.4 - 83.6 46.9 35.3 97.9 88.8 81.3 

Average reserve 
stock in million 
tonss 

- 1.3 5.9 9.6 0.4 2.1 3.5 - 0.8 3.7 6.1 0.05 0.3 5.2 
Average world pro­
duction in million 
tons - 230 263 343 230 263 343 - 230 263 300 230 263 300 

Percent stocks are of 
production - 0.55 2.25 2.79 0.17 0.80 1.02 ­ 0.34 1.39 2.02 0.02 0.11 1.73 

Coefficient of varia­
tion in stocks in % 
ofthe mean - 224 117 105 358 158 131 - 259 130 113 687 288 219 

'The assumption of zero beginning reserve stocks does not mean "no stocks." We assume that working stocks for normal Intra-year business 
operations are in being. 

2 The demand function is assumed to be linear, hence the elasticity of -. 2 holds only at the mean. 
5The demand function is assumed to be linear, hence the elasticity of -. 3 holds only at the mean.4 
The starred probabilities give the probability of market price falling within the particular bounded price objective.
'The actual reserve stock for any given year may be greater or less than the estimate presented on this line, since these estimates are mean averages 
of possible stock quantities. Each level of reserve stocks ha; a probability, but those probabilities are not presented here; they are discussed In the 
technical section of this report. 



Appendix table 4. Rice, world model with alternative bounded price rules, for selected years, 1975-1985,
 
with the assumptions of a beginning reserve stock of 20 million tons'
 

and alternative price elasticities of demand
 

Price elasticity of demand of -. 33
Price elasticity of demand of -. 22 

Plus or minus Plus or minus Plus or minus Plus or minus 
20% of the targetMeasure Free 10% of the target 20% of the target Free 10% of the target 

market price, 100 price, 100 market price, 100 price, 100 

1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in per­
cent of market price

4 
being 

at or less than 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
at or less than 80 13.2 0.0 0.0 0.0 13.2 13.2 13.2 4.2 0.0 0.0 0.0 4.2 4.2 4.2 
at or less than 90 31.0 31.0 31.0 31.0 31.0 31.0 31.0 22.3 22.3 22.3 22.3 22.3 22.3 22.3 
at or less than 100 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 53.1 
at or less than 110 74.4 100.0* 97.8* 95.6* 74.4 74.4 74.4 83.6 100.0' 99.7' 98.7' 83.6 83.6 83.6 

100.0 99.9 100.0" 100.0' 100.0'at or less than 120 89.1 100.0 99.4 98.5 100.0* 100.0' 99.8* 97.9 100.0 
at or less than 150 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100 100 100 100 100 100Average market price 100 100 100 100 100 100 100 100 

Av. variation around 
the target price 

10.8 7.6 7.6 7.7 10.5 10.5 10.5in% 16.3 8.4 8.8 9.2 13.5 13.5 13.5 

Probability of being 
out of stocks - 0.0 4.5 9.8 0.0 0.1 0.7 - 0.0 0.9 4.0 0.0 0.0 0.0 

Average reserve 
stock in million 
tons5 - 20.0 20.2 21.1 20.0 20.0 20.0 - 20.0 20.0 20.2 20.0 20.0 20.0 

Average world pro­
duction in million 
tons - 230 263 343 230 263 343 - 230 263 300 230 263 300 

Percent stocks are of 
- 8.70 7.69 6.16 8.70 7.69 5.83 - 8.70 7.62 6.73 8.70 7.62 6.66production 

Coefficient of varia­
tion in stocks in % 

- 22 53 69 10 26 36 - 15 38 52 2.5 6.2 8.4of the mean 
mean that this is the total of all stocks. We assume that working stocks for

'The assumption of beginning reserve stocks of 20 million tons does not 
in being and in addition to the 20 million tons of beginning reserve stocks.normal intra-year business operations are 

2The demand function is assumed to be linear, hence the elasticity of -. 2 holds only at the mean. 
3The demand function is assumed to be linear, hence 'he elasticity of -. 3 hold only at the mean. 
4The starred probabilities give the probability of market price falling within the particular bounded price objective. 

stock for any given year may bp greater or less than the estimate presented on this line, since these estimates are mean averages
IThe actual reserve 
of possible stock quantities. Each level of reserve stocks has the probability, but those prcoabilities are not presented here; they are discussed in 

the technical section of this report. 
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Appendix table 5. Coarse grains, world model with alternative bounded price rules, for selected years, 1975-1985, 
with the assumptions of a zero beginning reserve stock' and alternative price elasticities of demand 

Price elasticitiy of demand of -. 43Price elasticity of demand of -. 32 

Plus or minus Plus or minus Plus or minus Plus or minus 
Measure Free 10% of the target 20% of the target Free 10% of the target 20% of the target 

market price, 100 price, 100 market price, 100 price, 100 

1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in per­
cent of market price 
being4 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - ­at or les , than 50 0.0 0.0 0.0 

at or less than 80 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - ­

10.9 - - ­at or less than 90 17.8 17.8 17.8 17.8 17.8 17.8 17.8 10.9 10.9 10.9 

at or less than 100 53.1 53.1 53.1 53.1 53.1 53.1 53.1 55.2 55.2 55.2 55.2 - - ­
at or less than 110 86.8 86.8* 90.7* 92.4* 86.8 90.7 92.4 94.4 94.4* 94.4' 94.4* - - ­
at or less than 120 1)0.0 100.0 100.0 100.0 100.0" 100.0" 100.0' 97.9 100.0 100.0 100.0 - - ­
at or less than 150 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - ­

100 100
Average market price 100 101 100 100 101 100 100 100 100 - - -

Av. variation around 
the target price 

7.8 6.8 ­in% 9.2 8.3 7.9 7.8 8.3 7.9 6.8 6.8 6.8 - -

Probability of being 
0.0 - - ­out of stocks - 86.8 51.8 38.5 86.8 51.8 38.5 0.0 0.0 0.0 

Average reserve 
stock in million 

5 - - - - - ­tons - 1.35 7.22 12.1 1.35 7.22 12.1 -

Average world pro­
duction in million 
tons - 708 814 1067 708 814 1067 - - - - -

Percent stocks are of 
--production - 0.19 0.89 1.13 0.19 0.89 1.13 -

Coefficient of varia­
tion in stocks in % 
ofthe mean - 294 140 119 294 140 119 - . . . . . 

'The assumption of zero beginning reserve stocks does not mean "no stocks." We assume that working b,..ks for normal intra-year business 
operations are in being. 

'The demand function is assumed to be linear, hence the elasticity of -. 3 holds only at the mean. 
3 The demand function is assumed to be linear, hence the elasticity of -. 4 holds only at the mean. 

4 The starred probabilities give the probability of market price falling within the particular bounded price objective. 

sThe actual reserve stock for any given year may be greater or less than the estimate presented on this line, since these estimates are mean averages 

of possible stock quantities. Each level of reserve stocks has a probability, but those probabilities are not presented here; they are discussed In the 
technical section of this report. 

http:tons-1.35


Appendix table 6. Coarse grains, world model with alternative bounded price rules, for selected years, 1975-1985, 
with the assumptions of a beginning reserve stock of 20 million tons' 

and alternative price elasticities of demand 

Price elasticity of demand of -. 32 Price elasticity of demand of - .43 

Plus or minus Plus or minus Plus or minus Plus or minus 
Measure Free 10% of the target 20% of the target Free 10% of the target 20% of the target 

market price, 100 price, 100 market price, 100 price, 100 

1975 1980 1985 1975 1980 1985 1975 1980 1985 1975 1980 1985 

Probability in per­
cent of market price4 
being 

at or less than 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - ­
at or less than 80 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - ­
at or less than 90 17.8 17.8 17.8 17.8 17.8 17.8 17.8 10.9 10.9 10.9 10.9 - - ­
at or less than 100 53.1 53.1 53.1 53.1 53.1 53.1 53.1 55.2 55.2 55.2 55.2 - - ­
at or less than 110 86.8 100.0" 97.1" 95.9" 100.0 97.1 95.9 94.4 94.4" 94.4* 94.4* - - ­
at or less than 120 100.0 100.0 100.0 100.0 100.0* 100.0* 100.0* 97.9 100.0 100.0 100.0 - - ­
at or less than 150 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 - - ­

-Average market price 100 100 100 100 100 100 100 100 100 100 100 - -

Av. variation around 
the target price 
in % 9.2 7.2 7.4 7.5 7.2 7.4 7.5 6.8 6.8 6.8 6.8 - ­ -

Probability of being 
out of stocks - 1.3 10.8 16.8 1.3 10.8 16.8 - 0.0 0.0 0.0 - - -

Average reserve 
stock in million 
tonss - 20.0 21.0 23.0 20.0 21.0 23.0 - 20.0 20.0 20.0 - - -

Average world pro­
duction in million 
tons - 708 814 1067 708 814 1067 - 708 814 1067 - - -

Percent stocks are of 
- 2.82 2.46 1.88 - - ­production - 2.82 2.58 2.16 2.82 2.58 2.16 

Coefficient of varia­
tion in stocks in % 
of the mean - 30 68 82 30 68 82 - 0 0 0 - - ­

'The assumption of beginning reserve stocks of 20 million tons does not mean that this is the total of all stocks. We assume that working stocks for 
normal intra-year business operations are in being and in addition to the 20 million tons of beginning reserve stocks. 

=The demand function is assumed to be linear, hence the elasticity of -. 3 holds only at the mean. 
3The demand function is assumed to be linear, hence the elasticity of -. 4 holds only at the mean. 
4 The starred probabilities give the probability of market price falling within the particular bounded price objective. 

SThe actual reserve stock for any given year may be greater or less than the estimate presented on this line, since these estimates are mean averages 
of possible stock quantities. Each level of reserve stocks has a probability, but those probabilities are not presented here; they are discussed in the 
technical section of this report. 



APPENDIX B The do-loop in K=I, 2, ..., NMT defines a series of target. 
prices PSTAR(KT) KT=--, 2, ..., NMT. The function TARGET 

A FLOW CHART OF THE (IT) must be determined and set by the user of the program. 
(An example is given in the description of the function at theCOMPUTATIONAL PROGRAM 
end.) 

Part VII gave a description of the computations procedure. LAMBDA = X., lie desired marginal rate of substitution
 
In this appendix a flow chart of computations is presented. It of stability for cost
 
isbased on a FORTRAN program used in this study.13 Some T 

details of the program have been omitted and slight changes THETA = 0, unit storage cost per period 

have been introduced in the flow chart for convenience. DELTA = 8, discount rate 

Notes and explanations of the main symbols are in the After reading DELTA, tile discount coefficient (1/1+S) re­
order in which they appear in the flow chart. Underlined names places the value of 8 in the same variable.
 
indicate functions. A flow chart of tile functions is presented
 
at the end. The numbers incircles Q are related to the num- v- O Calculation of the minimization stocks rules.
 
bered connectors in the flow chart. 	 ICI = integer index of beginning stocks (C1), i.e., stocks 

- Defining tie approximation to prices, stocks, of previous period
 

and stochastic disturbance. IPP = integer index of free market price (PP)
 

NP = 	number of integer indices of price DC = AC, the change of stocks 

PO = value of price corresponding to the first price IC = integer index of current stocks 
index PFPPD(PP,DC,IT) = a function that calculates the final 

UP = interval between any two points of price price of time IT, when the market price is PP and 
the change of stocks is DC (see description ofNC = 	 number of integer indices of stocks functions at the end)

quantity of stocks corresponding to the firstfucinathendCO = stocks index 	 C(ICI,IPP,IT) = the optimal carryover that minimizes 
the objective function for beginning stocks 

UC = 	interval between any two points of stocks CC(ICI) and market price P(IPP) 

The first do-loop defines a correspondence from integer PRICE(ICI,IPP) = final price after applying the optimal 
indices to prices, IP(IP). The inverse correspondence (i.e., from rule, when the beginning stocks are CC(ICI) and 
price to indices) is defined by the function INDEXP(P) (all the market price is P(IPP) 
functions are described at the end). The second do-loop de­
fines a correspondence from integer indices to stocks, CC(IC). V(ICI,IPP) = tile minimum value of the objective 
Tile inverse correspondence is defined by the function INDEXC function, given CC(lCI) and P(IPP) 
(IC) (functions are described at the end). @-.+0 Calculation of the expectation of V(IC LIPP). 

EO = 	number of standard deviations (+ or -) that define 
the range of the stochastic disturbance (E) LAG = 	an index that indicates whether there is a 

lagged price effect in the model (LAG = 0 if 
UE = 	 the interval between any two points of the NOT, LAG = I if YES)
 

stochastic disturbance (expressed in standard
 = 
deviations) 	 PPFEPI(E,PI,IT) a function that calculates the free 

market price (PP) at time IT, when the lagged 
NE = number of integer indices of the stochastic dis- price is P1 and the disturbance is E (see 

turbance description of functions at the end) 

The last part of the program before (©) defines an ap- EV(ICI,IPi) = tile expected value of V(ICI,IPP) when 

proximation to the standardized normal distribution by a dis-	 beginning stocks are CC(ICI) and lagged price 
is P(IP I)crete probability function, 

PRBIE(IE) = the probability that the random disturbance EV(ICI) = similar to EV(ICI,IPI), but for the case of no 
lagged pricewill obtain the value E(IE) 

Note: When there is no lagged price effect, EV dependsThe correspondence E(IE) from the integer indices IE to 
values of E is defined in tile first row in the large box before only on the beginning stocks (C1)and much computation time 

( can be saved by using tile right-hand side of @-+,D ­

"-- ® Preparation for probability computation. 
MT = first period of the planning period CIO = beginning stocks of the first period (MT) 

NT = last period of the planning period PiO = lagged price of the first period 

NMT = total number of periods PRBCP(J,IC,IP) = joint probability of stocks CC(IC) 
and price P(IP)

3A printout of the FORTRAN program isavailable on request from 
the senior author at the University of Minnesota. 

'
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PRBCP(JI,ICI,IPI) = joint probability of stocks 
CC(ICI) and price P(IPI) of previous period 

Note: When there is no lagged price effect, it is not 
necessary to calculate the joint probabilities of sto:ks and 
price. However, the space of PRBCP is used for the (marginal) 
probabilities of stocks and prices. 

PRBCP(,IC, 1) is used for the probability of stocks and 

PRBCP(,IP,2) is used for the probability of prices, 
For the calculation of probabilities of peiiod IT, it isnot 

necessary to remember all the probabilities that have been 
computed for previous periods but only the ones of IT-i. The 
use of the indices J and JI enables one to use a space for only 
two periods, namely the current one and the previous one. 

J = 	 an index indicating that the joint probability 
PRBCP isthat of the current period of calculations. 
It may obtain values of I or 2: 

I if K= 1, 3, 5... 

2 ifK= 2, 4, 	6 

where K isthe number of the current calculation 
period. 

JI 	 an index indicating that the joint probability 
PRBCP is that of the previous period. It always 
obtains the opposite value of J: 

=2 ifJ = I 
JI 

I ifJ=2 
Calculation of the joint probabilities when 

there isa lagged price effect. 

( '-+( Calculation of the marginal probabilities of 

stocks and prices in the no-lagged price case. There isno need 
to calculate the joint probabilities because in this case only 
the probability of stocks affects the probabilities of prices 
and stocks of the next period. 

- Calculations of marginal probabilities of pr
and stocks in the case of laggd price effect. 

and = maggedprice effect. 

PRBP(IPI) = marginal probability of P(lPl 
PRBC(ICI) = marginal probability of CC(ICI) 

G -*0 Transformation of the marginal probabiliti 

of stocks and prices to new variables in the case of' no.lagg
price. (Tile marginal probabilities have been calculated in@ .. 	 @ . 

I Calculation ofvarious indicators and cunu 
- l c 

probabilities of prices and stocks. The cumulative probabi 
replace the marginal one in the corresponding variables 
(PRBP and PRBC). 

MEANC = mean of stocks 

VARC = variance of stocks (Later, the standard 
deviation of stocks replaces tb.e varianc 
in the s toevariable.) 

CVC coefficient of variation of stocks 
MEANP = mean of price 

VARP = 	variance of price ( Later, tihe standard 
deviation of price replaces the variance i 
the same variable.) 

IIN = accumulated piice instability index 
DIIN = discounted accumulated p ice instability 

index 
ACVTP = average coefficient of variation of prices 

around the target prices 

DMEANC= discounted accumulated mean of stocks 

AMEANC = average mean of stocks. 



START 

REJAD 
NP, PO, UP 

OP-1, NP P(IP)-PO +1IPUP 

READ 
NC, CO, UC 

IC-1. NC CCIIC)=CO + IC*UC 

EIIE)= EO (IOE1)*UE 

IE-1, NE Flr(i/v2/nThEXP: - [E(IE) UE/21 -2/2) 

F2'.I1/Vf2iThEX [EIIE( 4UE/21"2/2: 

PRBE(IE(=(UE/2)'[ FI FCA/2 + (FO + F2)/21 

IE-1, NE SUM-SUM + PRBE(IE) 

IE-1, NE PRO3EiIE(=PRBE(IE(/SUM 

2 

it 



2 

READ 
MT, NT 

IT= NT- K+1 
KT= IT-MT+I 

K=,NMT 

PSTAR(KT) = TARGET(IT) 

WRITE 
PSTAR(IT) 

READ 
LAMBDA 
THETA 
DELTA 

DELTA=I/(I+DELTA)

-I 
IC-1,NC IPw.NP 0 
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3 K-INK-INMT 

T-K+I 

IT- NT- K+IITMT+lKT - IT-MT+I 

C-1 

VV - 10-30 

Dc - CC(ICI-CC(ICI I 

PF - PFPPDC[P(IPP),DCITI 
IPP-1,NP ICI-I.NC W- :jPF-PSTAR(KT)J/PSTAR(KT):-2 

VVV W*LAMBDA+CC(I C I 'THETA+ DELTA'EV(ICIP) 

> IC-MCNC
VVV - VV 

MC-1 

V(ICIIPP) vv 

PRICEIIC1,IPP) - F I - IC 
vv : vvv

C(ICI.IPPKT) - CCM 
F PF 

IC­

rtMCNC 

DC C(ICIIPPKT) 
-7coc1) 

WRITE 

IPP-1,NP ICI-I.NC C(ICI.IPPKT) 
DC 

PRICEIICIIPP 

L L4 

4 

:NO:: Is YES 
LA(?0 - 0>-

ICI-I NC ? 
ICI-INC
 

IPI-INP 
 EVIICI) 0 

IE-INE 

PP- PPFEFJIEIIE),OITI 

IPP - INDEXP(PP)PP- PPFEPI(EIIE),P(IPI),ITI 

IPP - INDEXP(PP) EV(ICI) - EV(ICII#VIICIIPP)*PR=BEIICI 

EVIICIIPI) EV(ICIIPI)+VIICIIPP)4PROE(IEI IE-INE 

ICI-INCIPI-I.NP 

ICI-INC 

K-INMT 

40 
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=ACVTP-AMCAN 

-OMEAN - 0 

READ 

f ICIlNNECC0 

II 

NO LG- fE 



7 

IE-1,NE 

IPI-1,NP 

NO Is
LAG -0 

? 

YES 

IE-I.NE 

E 
ICI-1,NC 

PPFEP (E(IE),P(IPIIITI 

PP - IPP - AD .EXP(PP) 

IC- INDEX IC(ICIIPPKT)l 

L 

PP-PPFEPIIEIIE),P(IPII.ITI 
- IPP - INDEXP(PP) 

ICI-1,NC 

IC- INDEXCIC(ICIIPPKT)i 

DCCIICIIPPKT) CCVCI) 

IP - INDEXPIPFPPDC(PPDCIT)l 

DC-CiICIIPPKT) CC(ICI) 

_IPFPPDC(PPOCIT) 

L4 

PRBCPW, IC,IP)- PRBCP(J, IC.IP) 

L +PRBE(IE)'PRBCP(JIICJlpll 

ICI-1,NC 

IPI-1,NP 
IE-1,NE E 

PRBCP(JICi) wPnBcp(j,,, I+ PRBE(IE)'PRBCP(Jl,[Cl.l) 

RBCP(JIP.2) - PRBCPIJ.IP.2) 
+PRBE(IE)*PRBCPIJIIC1,1) 

ICI-1,NC 

IE-1,NE 

ITI - IT- I ITI - IT- I 

NO 
Is

ITKMT Y 10 YES Is
ITKMT 

NO 

PRBP(IPI) - 0 IPI-I.NP 

ICI-1,N 

2 ICI=INC PRBCIICI) - PRBCP(ill .71) 

1 87opl 

PRBPJIPI) 

+PRBCP(JlICIIPI) 

IPI-1,NP PRBPIIPI) PRBCP(JIIPI,21 

PRBC(ICI) 0 

IPI-1,NP 

ICI-1,NC 

L oclicl)PR 
PRBC(ICI)
PRBCP(JIICIIPII 



MEANC-CC(1VPROC~lo 
VARC-CC(l I '2PRBCVI 

[ MEANC-MEANC CCli'U 1 

l.Ic1 I 
PRBCiICl)-PRBCIICI) . PRBC(1II 

MAPMEANP- *Pul R BPIIAPVRP*P,'PRBPI) ' 

RP-~RP(IP1I PRBPI) 

WRITE 
Pill PR BPO)I 
CII PRBrIl 

VARC-SORT(VARC MEANC-2) 

VTP.SORTIVARP 2'MEANP'PSTAR(T) PSTAR(KT)"21 

VARP-SORTIVARP MEANP-21 

CVC-VARC/MEANC 

CVPVAR P/M EANP 

CVTP-VTP/PSTAR (KT) 

DIIN.DIlN # CVTP-2*DELTA-(lTl - MT + 1 

IIN-IIN 4 CVTP-2 

ACVTP=SORTII /IITi MT+Ii K-1,NMT 

DMEANC.OMEANC *MEANC'DELTA"(IT1 MT. I) 

AMEANC- JAMEANCII MTI+*MEANCI /(ITl MT~l 

IT1.IT 

AI 



Functions 
INDEX P(P), INDEX (C) 

These functions define the correspondence from prices

and stocks to integer indices, 


TARGET, PF PPDC, PPF EP 
These three functions should be supplied by the user of 

the program according to the specification of the demand and 
supply nodel. The functions presented here are examples
based on the following simple linear model. We denote 
parameters by small letters, the numerical values of which 
are inserted in the program. 
Demand function: YI-T = (ao - al PrT + Ed)( I + gd)(IT ' MT) 

Supply function: XIT = (bo + bI PIT-I + Es)(I + g)(IT-MT) 

Ed and E, are distributed normally with zero mean and 
standard deviations ss and sd respectively. 

TARGET(IT) 

This function defines a series of target prices. In the 
present example, the target prices are defined as the long-run
equilibrium prices (i.e., P11 = PIT-I 

PFPPDCPP,DC,IT) 

This function defines the relation between the free 
market price (PP) in period IT, the change of stocks (DC), 
and the final price (PFPPDC). 

PPFEPI(E,PI,IT) 
This function defines the determination of the free 

market price (PPFEPI) at period IT, by the lagged price (PI),
and the composed disturbance (E). SD and SS are the 
standard deviations of the demand and supply, respectively, 
at period IT. 

S = SD + SS is the composed standard deviation at time 
IT. 
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jIflXP(P) 

F -(P-Po)/UP 

INDEXC(C)
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TARG ET( T) 

KT - IT-MT 

AO =a80 (1+gd)**KT 

Al = a, *(l+g)**KT 

BO =bo0 1l+g,)*KT 

TARGET - AO-BO
A1+Bl 
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PFPPDC(PP,DC, IT)
 

Al =at *(~d**I-

PPFEP1 (E,Pl,IT) 

KT = IT- MTJ 

[ 
I'I 

AO =ao* (Hgd) KT 
Al =al *(l+gd)**KT 

SD =Sd*(l+gd)*KT 

BO0bo*(l+g,) *KT 

BI = b, *(l+g,)*KT 

SS = s1*(l+g,)*KT 
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