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I. Introduction

It is Egyptian policy to set a price in dollars at the beginning of

the crop year which will apply to export sales throughout the crop year.

This technical paper specifies, estimates, and forecasts with alternative

models of cotton pricing which should be of use to Egyptian pricing authori-

ties. By offering policy makers alternative models for forecasting the

1 ,
dollar price of 1 cotton fibers, the paper provides them with pricing

information about the most widely traded staple length in international

cotton markets. It is hoped that the results will supply not only some

of the information needed for that pricing policy, but will also provide

insights into the reliability of such forecasted information.

II. A Supply-Demand Approach to the Determination of cotton Prices

A model of cotton prices will be developed which is based on supply

and demand characteristics. The model will include in addition to current

cotton production and current processor demand for cotton fibers the effects

of expected future production and demand via the supply of storage. Cotton

market transactions are often made with a view toward resale at a later date

or, in what amounts to the same thing, stocks of cotton are withheld from

the market in anticipation of higher future prices. As a result of these

speculative transactions, today's price is in large part determined by what

tomorrow's price is expected to be. To capture these speculative effects,

a cotton pricing equation must reflect the influence of stocks of raw cotton

on hand and the effects of future demand and production.
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The following set of equa
tions characterize the model of 

the cotton

market.

(1) 0 S D +

(2)

(3)

Qt Q(Et_lEPtIEt_i[AtiCt_i

= D(Pt,YtBt,Ft)

(4) EP _1 = P (1 + rt + st - ct

(5) Ett+1 
+ S = Et

EDt+1 E
t
CSt+1J

where = production available to the ma
rket during period t

D
t 
= processors' demand for cotton 

fibers during period t

C
t-1 

= cost of producing cotton fib
ers marketed during period t

S
t 
= the stock of inventories at 

the end of period t

P
t 
= price of cotton fibers durin

g period t

A = price of other agricultural
 commodities during period t

= cost of capital applicable to
 speculators in cotton fibers

during period t

c
t 
= "convenience yield" associat

ed with holding inventories 
of

cotton fibers during t.

B
t 
= the price of other consum

er goods during period t

F
t 
= the prices of substitute

s for cotton fibers during per
iod t

s
t 
= cost of storage during 

period t

= expectation operator f
or expectations formed durin

g period t

Y
t 
= world income

Equation (1) is the equilib
rium condition for the c

otton fibers market

during period t. Total supply available to 
the market consists of curren

t

production, Qt, and the stoc
k of inventories, S,

 carried over from the

preceding period. Total demand during peri
od t includes Dt, the dema

nd by



processors for fiber to be converted into other 
products, and St, the

demand for stocks to be carried over to the next pe
riod. Equation (2)

indicates that production decisions, made during t
he preceding period,

depend on the expected price of cotton fibers at the 
time they come to

market, the expected prices of other agricultural c
ommodities which pro-

ducers could offer to the market, and the costs of 
production. End use

demand for cotton fibers (see equation (3)) depend
s on the price of cotton

fibers, the income of consumers, the prices of ot
her consumer goods, and

the prices of substitutes for cotton fibers. Equation (4) states the con-

dition which underlies the demand for the stock of
 inventories to be carried

over into the next period. This condition, better known as the decision

rule for the "supply of storage," suggests that
 a speculator will accumulate

stocks up to the point where the expected future
 price for the next period

is equal to the current price plus appropriate
 rewards for risk capital,

storage facilities, and a convenience yield wh
ich compensates for the costs

of a stock-out.
1 

Equation (5) is the expected market-cleari
ng condition for

period t+1 which can -e thought of as the con
dition which determines Elt-t+1

and thus drives the demand for St 
during the current period.

The equation set (1)-(5) reflects an under
determined system. Even if

St_i, E[At], Ct_i, Yt,Bt,Ft,rt,st and ct are taken to be 
predetermined

variables or as variables to be determined 
outside the cotton market; there

remain eight variables--Qt, Dt, St, Pt, Et,[13t4.1],
 Et alt+1], Etalt4.1]

and E
t 

ES 1- and only five equations. The problem, of course, is that in

t+1

a speculative market today's price depends 
not only on current production

and final demand but upon all future expected 
production and final demands.

1
See Michael J. Brennan, "The Supply o

f Storage", American Economic Review,

March 1958, pp. 50-72, for a derivation 
of this condition and a statement that

r, s, and c are best thought of as s
chedules which depend on other variables,

including Sr).

•••••
•

••



In the model above, which is an exa
mple of a "rational expectations" approach

to price determination in speculative mark
ets, this is reflected by the in-

clusion of EtEQt+1 
and E ED which represents production and final dema

nd
t t+1

in the next period, and E ES1 ' ] which in turn is determined by expec
ted

t t+ 

production and final demand in all periods be
yond t+1.

If this model of cotton pricing is to be 
applicable to the real world,

a feasible solution to the problem of dealin
g with production and final demand

over many periods must be found. Feasibility usually requires major s
implifi-

cations. One approach is to ignore entirely the st
ockbuilding dimension of

the problem. In its simplest form this approach rest
ates (1) as Qt = Dt, i.e.,

stocks are ignored, or, in effect, St is 
assumed to be equal to St_1. With

this assumption, equations (4) and (5
) become irrelevant and the system of

equations is found to be determined. 
A second possible approach is to assume

that future production, final demand
s, and end of period inventories are

 all

"normal." In that case St becomes a "normal ca
rryover," st and ct are normal,

and EtEPt+1 
is related to Pt 

by the cost of capital, which pres
umably depends

on the expected inflation rate.
 If the expected inflation rate is as

sumed to

be independent of the cotton m
arket, the system is determinate, mak

ing a solu-

tion possible. A still more general approach i
s to assume normality of pro-

duction, final demand and end-of
-period inventories in all periods bey

ond t+1

while allowing for other patterns
 for Qt, E [Qt4.1] Dt, Et[Dt4.1] , and

 S. This

allows for more general patterns 
between Pt 

and E
t 
Ep

1 
] while constraining

t4- 

Et
Ep
t+1+i
]' 

i > 0, to be consistent with
 the expected rate of inflation.

 Of

course, other possible solutions 
to the problem of an underdetermi

ned system

exist. It is useful, however, to.note
 that. most of the solutions are lik

ely

to take the form of simplified 
assumptions about how price expectat

ions for

future periods are formed..
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III. Quantifiable Versions of the Model of a Speculative Market

This section identifies alternative approaches to obtaining quantifiable

versions of the model described above. As an aid to specifying quantifiable

equations, an explicit forecasting horizon relevant to the annual price set-

ting is chosen. Alternative approaches to quantifying the forecasting model

are presented and their advantages and disadvantages are considered. The

results presented here are compared to forecasting methodologies offered by

others.

Consider the forecasting problems of policy makers who choose to set at

the beginning of the crop year a price which is to remain fixed throughout

the crop year. Since the new crop will be available for marketing in Novem-

ber of December or the new crop year, preliminary forecasts for key interna
-

tionally traded grades need to be available to policy makers in August or

September. While policy makers will surely wish to see updated forecasts

before announcing prices (in October or November) for the new crop year, the
y

will find it valuable to have available in August or September a prelim
inary

forecast to use in initial deliberations.

Consider how one might use the model described by equations (1)-(5) in

order to generate a forecast of Pt. It will be assumed that the forecaster

possesses preliminary data for St...1 and Q . The unknowns, in addition to Pt,

are Dt, St, EjPt4.13,.EtNt4.13, EtEDt+13, EtESt+1], etc. The first step

to be taken is to assume that beyond some point Q, D, and S assum
e the kinds

of normal patterns identified above. We shall assume that Et[St4.1] EtNt+23,

E ED +2 
and all following values are normal and therefore quantifiable

t t 

based on observable patterns in the past. As a result, there remain six un-

knowns, --P , E EP D S E 1
t t t+1 t, t, t t+i

and E
tEDt+13-- and six equations--

(1), (3), (4), (5) as well as versions of (2) and (3) appropriate fo
r Qt4.1
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and D
+1. 

As we shall see somewhat later, this system
 gives rise to alter-

native forecasting approaches.

One forecasting alternative is to specify emp
irical versions of behavior-

al equations (2) and (3) in terms of current a
nd past variables, estimate the

coefficients of these equations, and then use 
observable values together with

(1), (5), and the assumed normal value of Ept.4.1] to solve sequentially

for a forecast of Et
EPt+1D. As an example of this one could estimat

e equation

(3) for Dt 
and substitute into it forecasts of world 

income, world price levels,

and the prices of fiber substitutes for the c
urrent year in order to generate

a forecast for D. This forecast fo
r Dt 

together with known values of Qt 
and

S
t-1 

will from equation (1) permit a forecast of
 S
t
, the expected carryover

into the next year. In order to forecast Qt+1' 
one could estimate some version

of equation (2) and, upon plugging in ob
served values of the right hand side

variables, generate a forecast for 011_ . With St, Qvil'and St+1 
thus qualified

one can solve equation (5) for the price 
which makes Dt4.1 from a version of (3)

compatible with the determined values 
o
f 
S
t
, Qt+1 

andS The resulting fore-

cast of EtEPt+1] could be used along with values of rt' 
st' 

and ct 
to cal-

culate Pt 
from equation (4).

The approach described above requir
ed the estimation of a set of struc-

tural equations which are then solved 
recursively to forecast one variable at

a time with the forecasted variable bec
oming an input into the process of

forecasting the next dependent variable. 
Another approach is to solve the

system for Pt in terms of observable variables,
 Qt, St_l and forecasted exogen-

ous variables Yt' 
B
t' 

Ft' 
and At. 

One can estimate this reduced f
orm equation.

By substituting observed and forecasted 
values into the estimated reduced 

form

equation, Pt can be forecasted without 
calculating values for the other e

ndogen-

ous variables.



It is instructive to compare the
 alternative approaches set out above

to approaches offered by others.
 .Three other studies will be sum

marized.

One is the work presented in F.G.
 Adams and J.R. Behrman,  Economet

ric 

Models of World Agricultural Comm
odity Markets: Cocoa, Coffee, Tea, Wool,

Cotton, Sugar, Wheat, Rice (Ballinger Press, 1976). This volume presents

the results of the efforts of a g
roup of scholars working under th

e auspices

of the Wharton Econometric Forecas
ting Unit and Financed by UNCTAD

 and the

Rockefeller Foundation. Forecasts based on these equat
ions are offered

periodically by Wharton Econometr
ic Forecasting Associates. A second

study to be summarized is that 
by E.C. Hwa, "Price Determination

 in Several

International Primary Commodity M
arkets: A Structural Analysis," Interna-

tional Monetary Fund Staff Papers
, March, 1979 pp. 157-192 (Vol. 2

5, N I).

At the time the study was done, 
Mr. Hwa was an economist in the 

Commodities

Division of the Research Department 
of the International Monetary Fu

nd. The

third study to be discussed is the
 work of M.W. French, "Effects o

f Commodity

Price Stabilization: An Econometric Model of the Wo
rld Cotton Market" (Univer-

sity of Pennsylvania, Ph.D. Di
ssertation, 1980). This dissertation was pre-

pared under the supervision of F.G
. Adams.

The Adams-Behrman (AB) model o
f commodities markets consists

 of four

equations. The first three equations are 
similar to equation (1), (2), a

nd

(3) above. The fourth equation is ident
ified as a "price determination

 mecha-

nism (which) takes into acco
unt the relationship between av

ailable inventory

stocks and the level of demand.
"2 The price determination equ

ation is specified

as

(6) 
P
t 
B 

f S
t,• t-1 •
D D
t t-1

2
AB, p. 10.



AB indicate that "this relationship can be rewritten as a demand for inven-

tories relationship which implies that inventories are proportional to the

level of demand."3

Accepting AB's interpretation of (6).as a stock demand equation allows

us to understand how AB solve the problem of today's price as dependent on

expected future production and demand. They simply assume away the role of

future production and demand by hypothesizing that the stock of inventories

does not depend upon Et
[13t+1D . Thus E

t
[13t+1] does not enter their model.

While they recognize that "the costs of holding inventories are not well

represented, "they express the hope that "to the extent that the distributed

lags in the model are consistent with the formation of expectations in rela-

tive price changes, some aspects of speculative inventory behavior may be

captured."
4

Hwa's primary interest is in testing partial adjustment pricing mechanisms

and in the role of beginning-of-period inventories on price rather than in

forecasting. Nevertheless, it is useful to consider how his model lends itself

to forecasting.

Hwa's model is virtually identical to equations (1) - (4) except

he states (4) as a desired demand for inventories which may not be eq
ual to

the actual end-of-period stock of inventories. Thus Hwa allows for the possi-

bility of market disequilibrium. This leads him to an equation for Pt which,

in addition to the variables in equations (1) - (4), includes P 1 
as a reflectior

t-

of the partial adjustment mechanism. Hwa hypotheses that expectations about

future prices are given by

(7)Et
D)
t+1 0 
] =a +a1

B +a2Y +a3P-1 
.

t t t 

3,
AB, p. 11.

4
AB, p. 11.

•



(While he claims that this is a "rational" hypothesis about the formation

of price expectations, he does not demonstrate that such an expected price

follows from his pricing model, which it surely does not). After substitut-

ing (7) into his model, he derives a partial adjustment theory of current

price which takes the form,

(8) P
t 
= b

0 
+ (b1 + b4 (Sri +Qt) + b2Bt -b TREND + b5Pt_i.

Consider how Hwa's approach could be used for forecasting P.
 A price

forecast from (8) requires data for Dt, St, Qt, Bt, TREND and'Pt-l. TREND

VALUES and Pt-1 
are known. Values for St-1 

and Q
t 

are available (at least

in preliminary form) from the July issue of Cotton World Statistics. Fore-

casts of Bt 
are available from OECD sources, and Dt 

can be obtained from an

empirical version of (3).

The French model seeks to expand upon the AB model. One of French's

contributions is to derive (3) from a more elaborate specification. He

first postulates a demand for total per capita fibers consumption (includin
g

both cotton and synthetic fibers) which depends upon the real price of textil
e

fibers and real per capita income. As a second stage, the demand for cotton

fibers as a proportion of total fiber consumption depends on the relative

prices of cotton and synthetic fibers. French also postulates a stock demand

version of (6) which has been expanded to include the rate of change of price
s,

the variance of real cotton prices, and the level consumption and 
production.

Another of French's contributions is to disaggregate production, 
demand,

and stock holding equations by region of the world. After estimating the

model, he attempts to simulate world price behavior. Unfortunately, his

simulations did not always converge. To rectify this problem, French chose

to abandon his stock demand equation and instead include a Hwa-type 
equation.

With this substitution, model simulations were determined to be su
ccessful. II
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IV. Alternative Approaches to Cotton Price Determination

This section reports on three alternative approaches to
 forecasting

cotton prices. For each alternative price equations are estimated. These

equations are used to forecast price for the 1981/82 
crop year. The re-

sulting forecasts are compared to actual 81/82 price 
levels. The United

States farm price for 1-16
1,
' strict low middling (SLM) grade cotton

 fibers

was chosen as a proxy for world cotton prices. In recent years world pro-

1" 311
duction of 1.-ff. - cotton fibers comprised about 60% of the tot

al volume

of world production. The United States is the worlds's largest expo
rter of

1„
T cotton. American cotton markets are noted for their eff

iciency and

USDA data collection methodologies are highly re
garded for their reliability.

1
For all these reasons the U.S. 1---"SLM price

 seemed an appropriate choice for
6

a representative world price

A. A Hwa-Type System of Equations

Various versions of (8) were estimated. The best estimates using ordinary

least squares was:

= - 211.92663 + 0.46923P 1 1 t + 0.03593D -0.0054166(S +Q ) +0.34307P0LY

(3.9) 
tt- (2.3) t-

(4.2) (6.2) t (3.8)

= .864 SE = 6.86 DW = 2.329 Period 1961/62-1980/81

P = U.S. farm price of strict low middl
ing 1-371z” cotton. Average crop

year price in U.S. cents per pound f
rom U.S. Department of Agri-

'culture's Agricultural Marketing 
Service.

C = Cotton fiber consumption (i.e., 
"disappearance") in noncommunist

countries. Crop year data from the Inte
rnational Cotton Advisory

Council's Cotton World Statistics in 
thousands of metric tons.

I.
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St1 
+Q = Cotton fiber "availability" (i.e., beginning stocks plus

- t

production) in noncommunist countries. Crop year data from

the International Cotton Advisory Council's Cotton World

Statistics in thousands of metric tons.

POLY = U.S. cents per pound for polyester fiber. Calendar year

data from U.S. Department of Agriculture.

To forecast P for the 1981/82 crop year, data was required for 1980/81

ending stocks, 1981/82 production, 1981/82 consumption and 1981 calendar

year polyester prices. To use the equation above to forecast 1981/82 crop

year prices in, say, September, 1981, the following data sources would have

been available. The July 1981 issue of Cotton World Statistics contained

preliminary estimates of 1980/81 ending stocks. The July 1981 issue of

Cotton: A Monthly Review of the World Situation, a publication of the Inter-

national Cotton Advisory Council, contained a preliminary forecast for 1981/82

production. (Note that harvest of this crop begins in August 1981 in some

countries ). The U.S. Department of Agriculture had published at least 6 months

of data for polyester prices. It was necessary to forecast polyester prices

for the remaining months of the calendar year. This data series is remarkably

stable in the short run, so trend forecasts could be expected to be relia
ble.

The most difficult to obtain input into the forecasting .process is the

demand for cotton fibers during the 1981/82 crop year. Since none of this

data had been released by the presumed September 1981 forecasting 
data, a

forecasting technique for demand is required. The approach chosen was to

estimate an empirical version of (3).

Various specifications of (3) are possible. The most satisfactory results

came from using "double log forms" (natural logarithms of both 
dependent and

independent variables). Independent variables included world income (inconstant.

............ •
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1

dollars), real dollar polyester pri
ces, and real dollar 16

SLM prices.

Observe that (3) postulates that de
mand depends on the current price

level and (8) postulates that current
 price depends on demand. If these

hypotheses are correct, (3) and (8) co
mprise a simultaneous equation system

.

To allow for the statistical implicatio
ns of simultaneous equations, the de-

mand equation was estimated using an in
strumental variable technique, wh

ere

the instruments were all predetermined variables in 
(3) and (8). The re-

sult of that instrumental variable 
approach was that the coefficient of th

e

current price variable was statistica
lly insignificant while the lagged pri

ce

variable was highly significant. (It should be noted that Adams-Behrma
n

and French report similar results). 
Given this result, it is appropriat

e to

use ordinary least squares to estim
ate both the demand function and th

e ilwa-

type price equation.

The most attractive demand function
 estimate was:

in Dt 
= 7.7364 - 0.07g791nRPt-1 

+ 0307651nYt 
+ 0.039151nRDPOLY

(15.7) (2.6) (3.5) (1.1)

R- = .874 SE =.00219 DW = 1.95 . Period 1961/62-1980/81

where

D. = cotton consumption in non
communist countries.

RP = U.S. average farm price 
for the crop year of strict low mi

ddling

1 1--.1
16

cotton fibers deflated by the 
OECD gross dgmestic product

deflator.

Y = Index of OECD real gross 
domestic product (1975=100). 

Calendar

year data.

RPOLY = Dollar price of polyester 
fiber deflated by OECD gros

s domestic

product deflator. Calendar year data.

Forecasts of demand for the 1981/
82 crop year require the 

1980/81 real
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1
16

cotton fiber price, 1981 calendar year real gross domestic product,

and 1981 calendar year real polyester prices. The lagged lyle' price was

of course, available in September 1981. From the OECD's Economic Outlook

one could obtain a 1981 claendar year OECD_gross domestic product fore-

cast which was compiled in July 1981. That source also contained price

forecasts which could be-used to deflate the 1981 polyester price series,

(which would be based partly on published data and partly forecasted data).

Values used in forecasting were:

POLY
81 = 85 80/81 = 82.99

RPOLY:81 = 45 
RP
80/81 = 53.68

81 = 120 Q80/81 = 9453.3

S80/81 = 3295.7

Using these values to solve for forecasted consumption and price result in a

forecast for D81/82 
of 8471.7 thousand metric tons and for P81/82 

of 91.60

cents per pound. The actual average 1.-A!' price was 60.48 cents per pound.

The forecast from a Hwa-type price equation over estimates actual price by

50%.

B. A Lagged Price Equation

A "limited information" approach to price determination is to 
assert

that current price depends only on past price levels. This is a "limited

information" approach in the sense that the analyst may know noth
ing about

the structure of the model or, alternatively, may have no data 
available other

than past prices.

The best empirical relationship discovered between cur
rent and past prices

was:

= 1.38135 + 0.55742P + 0.49833P

(2.3)
t-1 (1.9)

t-z
(0.2)

11
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R
2

.616 SE = 12.041 DW = 2.2233 Period 63/64-80/81

To forecast the 1981/82 price requires price
 data for the two preceding

years. That data was:

80/81 - 82.99 79/80 = 71.48

The forecasted 1981/82 price using this method
 was 83.26 cents per pound.

This forecast overstates the actual 1981/82 p
rice by 3700.

C. The Futures Market

There exists another approach to price f
orecasting which has not been

considered. This approach is to use the futures market
 as a price fore-

casting device. Since the New York Cotton Exchange's No
. 2 futures contract

1,i iis based on U.S. 1--' SLM cotton, t s an easy matter to use the Cotton
16

1
Exchange's futures price to forecast the 

U.S. 1--16
„ SLM price.

It is possible that cotton futures prices a
re a biased estimate of

acutal prices, particularl;, when those fut
ures prices are compared to farm

level prices. For that reason, it is wise to run a 
regression which can

1
adjust for systematic biases. The U.S. 

.. farm price was the dependent
16

variable in the regression and the futures
 price the independent variable.

For the purpose of this analysis, the independent va
riable is the average

price during the month .of July for the 
December futures contract. The

dependent variable is the average Dec
ember farm price (not the average price

1,

for the crop year, as in earlier regres
sions) for U.S. 1— ' — SLM cotton fiber.

16

The best regression was:

ln PDt 
= 0.20519 + 0.95520 FPDt

(0.4) (7.0)

R
2 .785 SE = .21672 DW' =. 2.69 Period 67/68-80/81

PD = U.S. farm price of strict low middling qe. cotton. Average

December price in U.S. cents per pound.

ii
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FPD = December futures price for New York Cotton Exchange No.2

contract. Average price during month of July.

It is possible to determine the ability of the futures market to predict

1
the December 1981 average price for U.S. SLM cotton, using the equation

16

above. During July 1981 the average price for the December futures
 contract

was 77.65 cents per pound. Using the equation to adjust for bias, the pre-

dicted December price is 78.45 cents per pound. The actual average December

price was 55.11 cents per pound. The July futures market overpredicted the

average December price by 52%.

V. Conclusions

Each price forecasting model discussed in Part IV above overestimated

1981/82 crop year average prices by large amounts. Even the futures market

failed to predict the large decline which occurred in 1981/82. While

it should be recognized that one of the most dem
anding requirements of a

forecasting model is that it predict well at turning 
points such as 1981/82

when cotton prices declined sharply from the level o
f the preceding year,

one should nevertheless be highly skeptical abo
ut any forecasting procedure

which is capable of making such a large forecasting
 error.

One of the implications of this forecasting exercise
 is that a pricing

strategy which fixes a price for the entire crop year
 is likely to lead to

serious problems if policy makers are forced to -rely upon price forecasts

which can be in error by large amounts. If the forecasts available to policy

makers, are vulnerable to errors anywhere near the 
size of those reported.

above, a crop year price based on information 
so misleading may result in

substantial overpricing of the Egyptian cotton 
crop.

1

••••••;.'
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