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John-ren Chen

The World Cotton Market (1953-1965) ¢

B

An Econometric Model with Applications to Economic Policy

I. Introduction:

The development of the world cotton marketl) after the

Second World War is characterized by the following phenomena:

(a) The production surplus:

In the period considered there was a rapid improvement of
productivity in agriculture and an increase of acres for cotton
production in many small producing countries.

Total world cotton consumption increased during the postwar
time, but not so rapid as world production. The result of this

development is the expansion of the world cotton stocks.

(b) The .influences of the agovernments of cotton producing

" countries on cotton production and export, such as support
prices for cotton farmers, acreage allotment, soil-bank policy,
export subsidies etc., in the U.S.A., various credit conditions
for cotton production in distinct areas and export tax in
Mexico, support prices, export duties, export quotas etc. in
Brazil, support prices, monopolization of the cotton economy

by the Egyptian Cotton Commission (E.C.C.) etc. in Egypt.

(¢) The severe competition by synthetic fibers:

Since they are industrial products, synthetic fibers are
mostly produced in developed countries, 1.e. in western europe,
the U.S.A., and Japan. With the exception of the U.S.A., these

countries are also the important cotton import countries of
the World.

(d) The decreasing trend of world cotton prices:
The development is the result of the production surplus, the
severe competition from synthetic fibers and the unelastic-

supply of the export countries.

This paper reports on the econometric results of an investi-
gation of the cotton market.z)

1) Without communist countries.

2) The paper is based in part on the author's doctoral thesis"D
Weltbaumwollmarkt - Ein 8konometrisches Modell" which has
been presented to the Johann-WoIfgang-Goethe University
of Frankfurt am Main, Germany.

I am greatly indebted to Prof. Heinz Sauermann and Prof.
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The construction of the model has been prepared by a series
of regressions by which various model ideas were examined. On
the basic of these "statistical experiments" the model eaua-
tions were choscn nccording to the followine criteria: (1)
correct siyns of regression coefficients in the scnse of
theoretically expected economic relations, (2) high coeffi-
cients of determination, (3) statistically significant re-

gression coefficients.

Only the export countries are considered explicitly in the
model, for the world cotton market is almost fully determined
by the decisions of the export countries. The model consists
of seven main sectors, i.e. six export countries which supplied
about 75% of the world cotton market in the last twelve years,
and the rest of the world as an additional sector. The countries
which are aggregated in this sector have very small market
shares. There are more than seventy countries in the world
which produce cotton, and more than fifty countries which ex-
port cotton. The six export countries which are explicitly con-
sidered in this model are the U.S.A., Mexico, Brazil, Egypt,

Sudan and Peru.

According to its staple length cotton is classified on the
world market into three main categories, i.e. short staple
(with the staple length of under 3/4 inches), middle staple
(with the length between 3/4 inches and 1 1/8 inches), and
long or extra-long staple (between 1 1/8 and 1 3/8 inches, re-
spectively over 1 3/8 inches). Because of its small share on
the world market the short staple cotton is not considered

separately in our model.

Since the U.S.A. is the largest supplier of middle staple
cotton, this sort is also called "American cotton" or "Ameri-
can Upland cotton", while the long- and extra-long staple sorts
are called Egyptian cotton because of the dominant position of

Egypt on the world market for this sort. The U.S.A., Mexico,

Reinhard Selten without whose guidance this paper would not
have been completed, expecially to Prof. Reinhard Selten who
made heloful comments. I am also indepted to Professor

Lawrence Nitz who read the manuscriot.
Any errors are solely my responsibility.



and Brazil supply the first sort, while Egypt, Sudan and Peru

supply the second.

The fluctuations of the world market price are the same for
the same sort of cotton from different countries because of a
high degree of substitutability. American, Mexican and
Brazilian cotton prices are highly correlated. The same 1s
true for Egyptian, Peruvian and Sudanes cotton, but there is
no correlation between those two groups because there is not
“much substitution between the two sorts. The correlation
coefficientsi) between the deflated prices of U.S.A., Mexico
and Brazil (c.i.f. Liverpool) are all near 0.9. The same 1is
for Egypt, Peru and Sudan. But the correlation coefficients
between the deflated prices of American and Egyptian sorts
have values near O.1.

According to this surprising result we must consider the
world cotton market as two markets, i.e. the market for

American and that for Egyptian cotton.

II. The Structual Equations and the Result of the Estimation

For our statistical estimation we have twelve observations
(from 1953/54 to 196u4/65). Each observation represents a
period of one year. The standard errors of the regression
coefficients are given in parenthesis under the respective
regression coefficients. MR is the coefficient of determina-
tion. DWS is "Durbin-Watson statistic" which is used to test
the interdependence of the first-order auto-correlation of
residuals of regression equations. In our case the first-
order auto-correlation is statistically nonsignificant (5%

level of significance), if DWS lies between 0.9 and 3.2.

As world market prices we take the Liverpool c.i.f.-prices
which are deflated by Reuter's price index. Domestic market
prices of every producing country are deflated by the whole-

sale price index in the respective country.

In the following we shall present the two-stage least squarc

sstimations of the structural «cuation-. .07 apl- Aix ).

1) /fopendix C



Fut now we list at first the symbols of variables which

are contained in more than one regression equation.

If there are two indices at a variable the first index re-
presents the export country; we use index 1 for the U.S.A.,
2 for Mexico, 3 for Brazil, 4 for Egypt, 5 for Sudan, 6 for
Peru and 7 for the rest of the world, while the second index
refers to the type of the equation. There are 5 types of
equations: (1) foreign demand equation, (2) domestic demand
equation, (3) total supply equation, (4) world market supply

equation and (5) domestic market price eguation.

is the harvested acreages for cotton.

is the average cotton yileld per acreage.

is the cotton production.

is the domestic cotton consumption of export country.
is the beginning stock of export country.

is the world market price for cotton.
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in ;. the domestic market price in export country.

lav]
o

is the guarentee O support prices for cotton.

is the dummy variable.

is the total supply of cotton from a producing country.
is the linear trend variable.

is the error term.

is the cotton export.

< oX o =3 n T

is the national income in calender year.

(A) U. S. A.

(1) The foreign demand equation (TSLS)l):
Pl = 838 - 0.040 Xl - 0.025 TW1 + U11 ........ (1)
(0.029) (0.008)
MR = 0.76 DWS = 2.34

Where TW1 is the sum of the total export of American sorts
from other countries (le) and the total world production
of synthetic fibers not including production in the U.S.A.
(Kwi).

1) Two-stage least square estimation.



Equation (1) looks like a demand equation for a quantity
variation oligopoly model. Since the government regulations
of the export countries influence gquantities more directly
than prices, this kind of equafion seems to be more adequate,
than a demand equation with prices as independent and quantity
as dependent variable. This alternative approach has been tried
as a "statistical exberiment" but the coefficient of deter-

mination was much lower (0.38).

In equation (1) synthetic fibers produced outside the U.S.A.
and American cotton exported from other countries are treated
as the same substitute good for cotton from the U.S.A., be-
cause the correlation coefficient between P1 and Xw1 is near-
ly the same as that between P1 and KW,. Besides there is a

1
very high positive correlation between le and KW,. By using

W, instead of XW, and KW, separately we did not inly get one
more degree of freedom which is important because of our small
sample size but we also avoided the difficulty of multicolli-
nearity in the regression equation. TW1 can be regarded as a

"representative variable". The more formal method of construc-
ting a representative variable from le and le by using the

partial correlation coefficients as weights has been tried as
a "statistical experiment". The result was nearly the same as

that of our equation (1). This method is recommended by some

econometricans such as Liu.l)

The competitive effects of the Egyptian sort as well as
many other model ideas for this equation were also tested by

"statistical experiments". There were no significant results.

(2) The domestic demand equation:

P oo - in B 4 pER 4 4] smm e
kP = 51.6 - 0.06uP;" + 0.020Y} - 2.65T + Uy, (2)
(0.007) (0.005)  (0.39)
MR = 0.87 DWS = 1.34

1) Liu, Ta-chung: "4n Exploratory Quarterly Econometric Model
of affective Demand in the postwar U.S. Economy", Econome-
trica Vol. 31. 1963. S. 301-3u48.
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where Kg is the per capita cotton consumption in the U.S.A.

and Y? is the per capita disposable income.

The decreasing trend of Kg may be due to the increasing
competition from synthetic fibers which are produced in in-

creasing quantities.

The independent variable Yg has a time lag of a half year

in comparison to Kp, i.€., Yg is the per capita disposable in-

come in the calender-year.

Unfortunately, we could not use a regression equation with
Y1 as independent variablé, because regression equations in
this forms have either very low coefficients of determination
or false signs for the regression coefficients. This may be
explained from the compensation between the increasing trend
of the populatlon and the decreasing trend of the per caplta
consumption of cotton in the U.S. A. due to the increasing
competition from the synthetic fibers. This compensation can
be avoided by taking per capita consumption as dependent and
per capita income as independent variables because thereby the

influence of the increasing trend of population is eliminated.

We now obtain the domestic demand equation of the Us B lls

as:

in, D_
1 0.020Y1 2.65T+U12) eeeo(3)

where B1 is the population in the U.S.A.

K = B,-kP = B,-(51.6-0.064P

(3) The total supply equation:

A = —gLB + 0.994AA, - 1113R., + U o «v.n (1)
i (0.149) (201) 3 13
MR = 0.91 DWS = 1.67

where AA1 is the acreage allotment of the American government

for cotton production.

Equation (4) shows a relation between the acreage allot-
ments, the influence of introducing "soil-bank" policy and
the harvested acreages. We may call this equation a decision
equation or a behavior equation, because this is not a pro-
duction equation which describes the relation between the fac-
tor-input and the product. The total production in a period
according to our definition is the product of the havested



acrcages which are restricted by the government and the
average yicld per acre which is treated as an exogenous factor -
in our model. We are interested in the reaction of the farmers
which influences cotton supply. Equation (4) is not influenced

by the fluctuations of average cotton yield per acre.

The introduction of the "soil-bank" policy caused the un-
usual high deviation of the cotton acres harvested from the
alloted acreages in 1957/58 and 1958/59. To estimate this
effect we make use of a dummy variable and take the value 1

for the years 1957/58 and 1958/59 and O for the other years.

We receive the following total supply equation:

S1 = El'(—848+O¢99&AA1—1113R13+U13) + L1 ...... £5)

where El (average yield per capita) and L, are exogenous

variables in our model.

(4) The world market supply equation (TSLS):

X, = -287u+5.180(P,+Sub,) - B56UR, . + U, ce.nen (6)
i (1.273) 1Y gt
MR = 0.81 DWS' = 2.14

where Sub, is the rate of export subsidy.

From this equation we see that the American export policy,
especially the export subsidy, had a decisive influence on
the cotton export of the U.S.A. in the period considered.
There are two effects of the export subsidy on the export de-
cision: (a) the export encouragement effect and (b) the specu-
lation effect which arises from the suspicion of the cotton
exporters about the changes of the export policy of the
American government, for example, the change of the subsidy
rate or the introduction of new export measures. Since the
decision of American export policies are discussed in the
Senat for several months, the cotton exporters wait for better
export conditions, long before the new measures become effec-
tive. This speculation effect occurred in 1955/56, 1958/59
and 1962/62. In order to estimate this effect we use a dummy

variable which takes the value 1 for the years.

P1 and Sub1 where aggregated as an independent variable
in this equation, because the sum of P1 and Sub, means nothing

else than the price which the cotton exporters of the U.S.A.
received.




(5) Prices at the domestic market:

in _ =u
P1 = 27,5 + 8.929 P1 + U15 ........ (7)
(0.u440)
MR = 0.84 DWS = 1.41

where ?g is the percentage of the support price in the parity
price.

The domestic market prices of the American cotton are deter-
mined chiefly by the support prices because the C.C.C. (Commodi-
ty Credit Corperation) as an agency of the Agriculture Depart-
ment guarantees cotton farmers this price for their cotton so
that +the domestic market prices cannot be lower than the sup-
port prices. The C.C.C. sells at prices which consist of the
support prices, stock costs and other administratiye costs,
therefore the domestic market prices cannot be higher than this
level.

In the regression equation we take the percentages of the
support prices in the parity prices which are calculated by
the C.C.C. monthly, instead of taking the support prices. While
the support prices as well as the parity prices are changing
monthly, the percentages of the support prices are fixed for a
year. In order to avoid the calculation of yearly support
prices from the percentages and the parity prices and in order
to eliminate the influence of statistical observation errors,
we take the percentages of support prices in the parity prices

as data from the estimation of the regression equation.

The relation between ??, Pg and P? is given as following:
u
Y - Pl
s pP 100 ....... (8)
1

(B) Mexico:

(1) The foreien demand equation (TSLS):

P2 = 126 - 0.312 X2 + 0.938 P1 + U21 ......... (9)

(0.138) (0.184)

MR = 0.78 DWS = 1.74
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This demand equation incorporates the idea of American
price leadership. Because of high substitution between the
cotton from Mexico and from the U.S.A. and because of the
dominant position of the U.S.A. at the world market for "up-
land cotton", the Mexican cotton price depends on the price
for cotton from the U.S.A.

A foreien demand equation of the same form as that f-r *he
U.S.A. was estimated for Mexico. All regression coefficients
and the coefficient of determination arc statistically signi-
ficant. But its coefficient of determination is lower than

that of equation (9).

All other forms which we tested for the foreign demand equa-

tion of the U.S.A. were also tried for Mexico.

(2) The domestic demand equation (TSLS):

_ B ,in
K2 = 118 O.O86P2 + O.297Y2 + U21 ....... (10)
(0.076) (0.038)
MR = 0.90 DWS = 1,74

The difference between the domestic demand equation of
all other important export countries and that of the U.S.A.
rests on the variable Y. While we take the per capita income
for the estimation of the U.S. demand equation at the domestic
market, the national income is used for the estimation of the
domestic demand equations of other important export countries.
We have already explained that the compensation of the in-
fluences from competition by synthetic fibers and of the rising
trend of the population in the U.S.A. induces us to take the
average consumption equation instead of a global consumption
equation. This compensation does not occur in the other impor-
tant export countries, because the competition by synthetic

fibers does not exist in these countries.

(3) Total supply equation:

- ~apin _
G2 1196+2.163¢ 2t—1+35T 85R23 + U23 ....... (11)

(0.360) (w) (25)

MR = 0.87 DWS = 2.h4u
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1 : . . ’ .
where Pzg 4 18 the domestic price with a time lag of one

year.

Due to a better irrigation system, better pest control
methods and the use of chemical fertilizer the yield of the
Mexican cotton production rose substantially in the last twelve
years. This causes an increasing trend of Mexican cotton pro-
duction. To estimate this trend we use the linear trend variable
T.

Unusually poor average cotton yields caused the low cotton
production of Mexico in 1959/60 and 1961/62. We take a dummy
variable to estimate the influences of these poor
yields and assign the value 1 for the years 1959/60 and 1961/
62 and the value 0 for the other years.

A supply equation of the form used for the U.S.A. was
tested for Mexico. But this regression equation has a low
coefficient of determination. This may be due to the low price
elasticity of acreage input, because the Mexican farmers have
no good alternative to the production of cotton, if cotton
price decreases, since cotton is the most important agricul-

tural good produced in Mexico.

The form of the supply equation (11) has an advantage in
comparison to that of equation (4), because with this equation
we could descripe not only the acreage-input of the farmers
but also the input of capital and labor (the intensity of the
production process), in relation to cotton price. Especially
in the developing countries, the farmers can invest more capital
only when the revenues are high, because there is capital
scarcity in those countries. This is also the reason why the
Mexican Government tries to influence the cotton production

by credit measures.

(4) The world market supply equation (TSLS)

X2 = —636+O.960P2+O.803(GZ—K2)+1.341L2+U2u ...... (12)
(0.366) (0.181) (0.598)

MR = 0.73 DWS = 2.15
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The world market supply equation for Mexico is different
from that of the U.S.A., since it is based on another set of
variables. An equation similar to that for the U.S.A. has been
tried experimentally but it did not give a good fit. The re-
gression equation Xy = f(Pz—ESQ, GQ, KQ’ L2) has not only a
low coefficient of determination but also a false sign for the
regression coefficient of the variable (PQ—ESZ). Unlike the
export subsidy in the U.S.A., the export tax of Mexico does not
seem to have any visible influence on the export decision. This
may be due to the following reasons: (i) During the time con-
sidered here the tax rate was relatively constant; (ii) The
time when tax rates are changed is not in agreement with the
period of the cotton year; (iii) The discriminatory tax rates
for cotton produced in various areas of Mexico make it diffi-
cult to set up a sensible aggregate equation; (iv) The tax rate

is relatively low in comparison to the price (about 4-5%)

(5) The domestic market prices:

P B P2 - ESy cevnennn (13)

This is a definition equation.
C Brazil:

(1) The foreign demand equation (TSLS):

P3 = —301—1.485}(3 + 1.808P1 - 227R31 + U31 ..... (14)
(0.216) (0.199) (33)
MR = 0.86 DWS = 2.34

The foreign demand equation of Brazil incorporates the
idea of U.S. price leadership. The same was true for the
corresponding equation for Mexico. The reason for this is the
dominent position of U.S. cotton at the world market for the
"upland cotton" as well as the policy of the Brazilian govern-
ment who buys the cotton at the guarantee prices from the

farmers and sells for export at the prices of the New York

forward market.
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Now we must say some words about the dummy variable con-
tained in this equation. The bad weather from 1856/57 to 1959/
60 was not only the cause of lower average yields of cotton
production in Brazil but also caused a bad cotton quality in
these years. The world market prices for Brazilian cotton in
these years were lower, though the exported quantities were
also lower in these years. We assign to the dummy variable the
value 1 for the years 1956/57, 1957/58, 1958/59 and 1959/60
and the value 0 for the other years.

(2) The domestic demand equation:

- _ in <SP
1<3 = -184 0.2u0P3 + 4.412Y3 + U32 mm e (15)
(0.038) (0.333)
MR = 0.97 DWS = 2.19

Where ?8 is the index of per capita real net national product.

We encounter two difficulties in equation (15): (1) to find
a fair basis for comparison between the domestic and the world
market prices: we know that the Brazilian government carries
on foreign exchangé&gg%gglwﬁgghmﬁégépéﬁaggggangm time to
time. Therefore there is no unique basis to compare the domestic
and the world market prices; (ii) the problem of inflation: the
"hyperinflation in Brazil in the last years makes it difficult
to find a basis for the comparison between prices of different
years. It is very difficult to estimate the influences of money

illusion and speculation on the cotton consumption.

To avoid the first difficulty we use the domestic market
prices in Brazilian monetary units for the estimation of the
regression equation. To be free from the second difficulty,
we take the deflated domestic prices for the estimation of
- this equation.

(3) The total supply equation:

- u K
A3 = 1222 + O.511P3 - O.219P3 + U33 ....... (16)
(0.246) (0.273)

MR = 0.55 DWS = 1.71

Where P§ is the world market price for coffee at New York market.
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This is a decision equation of the farmers about the land
input for cotton production. We know that the Brazilian cotton
is produced chiefly in the State Sao Paulo where coffee is a
serious competitive product for cotton. Therefore coffee price
was ltaken as one of the important factors which influence the

production decisions of Brazilian cotton farmers.

The total supply equation is given as follows:

~ . P u_ K
83 = E3 A3+L3—E3 (1222+O.511P3 O.219P3+U33)+L3 sovwen (17)
where E3 and L3 are both exogeneous in our model.
(4) The world market supply equation:
X3'= -54 + 0.647 (63 = K3) + 0.663L3 + USH . own (18)
(0.078) (0.062)
MR = 0.96 DWS = 2.44

Other than those of the U.S.A. and Mexico the supply equa-
tion (18) of Brazilian cotton at the world market contains no
independent variable "price". The same form of supply equation
as that for Mexico was set up, but it has a false sign for the
variable Ps. This may be explained by the fact that exchange
rates for cotton export are sometimes changed several times
during a year. The prices which the exporters receive are the
prices in their home monetary unit. Therefore the exchange

rate may have an important influence on their export decision.

It is fair that we take (G3 -K3) as an independent variable
in our equation (18), because the Brazilian government has to

protect the domestic consumption of cotton.

(5) The domestic market prices:

in _ u

P3 = 15 + 0.950 P3 + U35 ......... (19)
(0.181)
MR = 0.71 DWS = 0.5

The equation (19) has the same form as that of the U.S.A.;

i.e. the domestic market price is a function of the guarantee
price.

From the DWS of equation (19) we see that there is a high
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autocorrelation of the residues which violates the assumption
about the error term. We shall try to avoid this autocorrcla-

The

)

in in B u u
(PFR - 0.76P30_ ) = 12 + 0.751 (Pg = 0.76Pg, ) + Ugg...(20)
(0.249)

MR = 0.69 DWS = 1.12

; . g .o 1)
tion of the residues by autorepgressive transformation.

N

transformated equation is:

The high autocorrelation of the equation (19) may be ex-
plained by: (i) the decreasing trend of the world coffee prices
indues the Brazilian government to promote cotton production in
Brazil. Hence the guarantee prices have an increasing trend;
(ii) the hyperinflation in Brazil during the last years in
responsible for the increasing trend of the domestic cotton
prices in Brazil. To protect the real income of farmers the
guarantee prices for cotton must increase with the general price
level. Probably the high autocorrelation of (19) is due to the
fact that we did not consider these factors explicitly.

To avoid this high autocorrelation we could take more in-
dependent variables such as Pgt—l and P%E-l into the regression
equation. But this method has some disadvantages: (i) the number
of independent variables which we can take into an equation is

limited by the small statistic sample; (ii) due to the high
u
3t .
which are in the equation now, it may cause high multicollinearity

correlation between P an the other independent variables

in the equation.

Another way to cope with the high autocorrelation is the
autoregressive transformation as we use it here. It is not ob-
jectionable to employ the method in our equation (19), since
this equation is recursive in our model.

For the autoregressive transformation we take the first
autocorrelation coefficient of the residues as the parameter

"a" in the following linear stochastic difference equation of
first-order:

14 - 4 +
Xp = aXe g * Vg

1) Tintner, G.: Econometrics. New York. 1952. Pp. 323.

Tintner, G.: Handbuch der Ukonometrie. Berlin, Gdttingen,
Heidelberg. 1960. Pp.305.
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where V is a random variable with expectation zero, constant

deviation and no autocorrelation. This stochastic process is

1)

a Markoff-process.

(D) Leypt:
(1) The foreign demand equation (TSLS)

Pu = 1788 - 1,501 (XH+X5+X6) + 221 R£+1 + qu ..... w (217
(0.358) (56)
MR = 0.88 DWS = 2.51

The Egyptians have a dominant position at the world cotton
market for the long- and extra-long-staple sorts. We have seen
that the world cotton market can be considered as two partial
markets; i.e. a market for middle staple sorts and a market for

long- and extra-long-staple sorts.

The assumption of price leadership of the American cotton
for Egypt is refused becausc of the low coefficient of deter-
mination (MR = 0.05). The regression equation of the form for
equation (1) is also tested for the foreign demand equation for
Egyptian cotton. This is refused because of low coefficient
of determination (MR = 0.36), since the variable TWu has only

a low correlation coefficient with Pu.

The Suez-canal crisis has influenced seriously the demand
for Egyptian cotton at the world market. To estimate this in-
fluence we take a dummy variable in our equation (21) and assign
the value 1 for the years 1955/56 and 1956/57 and the value O
for the other years.

(2) The domestic demand eguation:

- _ ¢ in

KH 85 0.152 PH + 6.1T7 + Uuz ...... (22)
(0.078) (0.36)
MR = 0.98 DWS = 2.38

This equation has the same form as the domestic demand

equation of Mexico and Brazil. Because we have no statistic

1) Tintner, G.: op.cit.(1952). S. 324
Tintner, G.: op.cit.(1960. S. 295



materials about the national income of Egypt, a linear trend
variable is used expressing the assumption that the cotton con-
sumption in Egypt is increasing because of the industrializa-

tion and the development of national income.

To estimate the equation (22) we use the domestic market

price in Egyptian monetary units.

(3) The total supply equation:

- u

Gq = -195 + 0.731+Pu + 13T - 128Rl§3 + Uq3 ....... (23)
(0.213) (3) (26)
MR = O.84 DWS = 2.36

The equation differs only by one variable from the supply
equation of Mexico. We have a time lagged variable P2t o for
the case of Mexico and the guarantee price for the case of
Egypt, because the guarantee price is the price which the farmers
receive for their cotton, especially after the monopolization

of the cotton economy by the ECC (Egypt Cotton Committee).

The linear trend variable could be interpreted as improve-

ment of average yield in the agriculture.

The dummy variable is used to estimate the influences of
qualitative factors such as weather on the cotton production
in Egypt. We assign the value 1 to the years 1955/56, 1956/57
and 1961/62 and the value 0 to the other years. The low yield
in 1955/56 and 1956/57 were caused by the Suez-canal crisiss in

1961/62 yields were low because of bad weather.

(1) The world market supply equation (TSLS):

X, = -1507 + 0.784P, +A2.89u(Gu*Kq) +1.331L, + Uy, .- (29)
(0.064) (0.199) (0.127)
MR = 0.95 DWS = 1.47

In this equation we use the difference between the produc-
tion and the domestic consumption as an independent variable

as in equation (18), because the Egyptian government has 1o
protect the domestic demand.

(5) The domestic market prices:

in

Pu = (Pl+ - ESM) C Wy eeeeeen (25)

P in | :
where W, is the exchange rate and P, in measured in Egyptian
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monetary units.

Though the Egyptian govermment (by ECC) gives their farmers
a puarantee price for cotton, it tries to uphold an uniform
price system for the domestic and the world market. The domestic
market pricc differs from the world market price only by the

export tax.

The relation between the domestic market price and the
guarantee price has been investigated. There is only a low corre-
lation between these variables. This can be explained by the
policy of the Egyptian government, because the E.C.C. fixes its

selling price of cotton independent of the guarantee price.

(E) Sudan:

(1) The foreign demand equation (TSLS):

PS = 418 - 1.587X5 + O.BSOPu + U51 .......... (26)
(1.046) (0.192)
MR = 0.75 DWS = 2.42

Because Egypt has a dominant position for long- and extra-
long-staple cotton at the world market, the foreign demand
equation for Sudanese cotton has the cotton price of Egypt as
independent variable, which means that Egyptian price leader-
ship is assumed for long- and extra-long-staple cotton. The

market share of Sudan is relatively small.

(3) The total supply equation:

65 = =112 + 0'195P5t-1 + 12T - 80R52 + U53 ..... (27)
(0.069) (2.6)(019)
MR = 0.74 DWS = 1.66

Equation (27) has the same form as equation (11) for
Mexico. The Sudanese government does not give a guarantee
price for cotton.

The linear trend variable i1s used to estimate the in-

creasing acreage yield in the last twelve years.

The dummy variable is used to express the influences of

the bad weather condition on cotton production. We assign the

value 1 to the years 1957/58, 1959/60 and 1963/64 in which the
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bad weather happened, and the value O to the other years.

(4) The world market supply equation (TSLS)

X5 = g + O.HG?G5 + 0.609L; + U54 ..... (28)
(0.199) (0.211)
MR = 0.63 DWS = 2.35

A regression equation of the form of the Egyptian supply equa-
tion at the world market has a lower coefficient of determina-
tion and a statistically non-significant regression coefficient
for PS' The cotton supply from Sudan at the world market seems
to depend mainly upon production and beginning stocks. This may
be due to the limited capacity of the stock houses and high in-
ventory costs.

The domestic consumption of the Sudan is very small; con-
sequently we shall not consider it explicitly. The same can be
said about Peru.

(F) Peru:

(1) The foreign demand equation (TSLS):

P. = 924 - 2.738X

6 6 + 0'193Pu + U61 ceeenssane (29)

(1.531) (0.158)
MR = 0.55 DWS = 2.22

This is the same form of foreign demand equation as that
of equation (26) for the Sudan. The average prices for Peruvian
cotton at the world market are somewhat lower than those for
Egyptian and for Sudanesecotton. This is due to the lower quali-

ty of Peruvian cotton, especially to the shorter staple length.

(3) The total supply equation:

G6 = 42 + 0'073P6t—1 + 3T - 1MR62 * Ugq eevnnn (30)
(0.060) (1) (12)
MR = 0.58 DWS = 2.51

In this equation only the dummy variable requires some ex-
planations. We asdign to it the value 1 for the years 1954/55,
1956/57 and 1957/58 in which bad weather condition caused
lower average yields of cotton production.
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(4) The world market supply equation (TSLS):

XB = ""38 + 0.99666 + 0-562L6 + U63 ® e 20 090 0 ¢ o0 (31)
(0.66) (0.329)
MR = 0.66 DWS = 2.04

This is the same form as that of equation (28) for the Sudan.

(G) The rest of the world:

To complete our model of the world cotton market, we aggre-
gate all other countries which were not considered explicitly

in our model. They have a joint market share of about 20%.

In our model the export of the rest of the world was taken
as part of the independent variable TW1 for the equation (1).

The regression equation for X, is estimated as follows:

X7 = "800 + 0.770G7 - l"}OPII + U71 e s e 0 0 @6 (32)
(0.221) (26)
MR = 0.78 DWS = 2.15

The negative coefficient for the linear trend variable of
our equation (32) could be explained by the increasing con-
sumption in these countries since the end of the Second World
War, because the most countries of the rest of the world be-
long to the developing countries which try to develop their in-
dustry.

Due to equation (32) in which we have introduced one more
endogeneous variable G7, we must have one more structual
equation to close our model. This is the supply equation of
the rest of the world.

G, = 1781 + T+ U,_ .. «cooceose 3
7 1 108 23 (33)
(22)
MR = 0.85 DWS = 1.10

Owing to technical progress many countries in which no
cotton could be produced become cotton producing and even ex-
port countries. The linear trend variable T is used to estimate
this tendency.
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III. Two recursive models

Whether an econometric model should be recursive or

interdependent is a much discussed problem. It is not only
important for the economic interpretation but also for the
method of estimation. As a "statistic experiment" two
recursive models were tried beside the interdependent models
above. These models are based on the following submodels for
the demand relationship.

(A) The cobweb-model with

(1)
(2)

The demand function: Pi

the supply function: Xy = g(Pit_l, Gi-Ki,Li)

f

£0x: , Twi) and

This results in a bad fit, probably because the reaction

period of the cotton exporters is much shorter than one

year.

A time-lag of three or four months would be more
realistic, but we do not have the statistical material
necessary for the exploration of this idea.

(B) The Samuelson-Wold model with

(1)
(2)
(3)

the demand function: D, = f (Pt,Zt);

t
the supply function: Sy = ¢ (pt‘l,xt) and
the price mechanism function: P, =h (st—Dt_l,Yt)
where Dt is demand at period t; St is supply
at period t, Pt is the price at period t; Zt' Xt
and Y, are exogeneous variables; P, _, indicates

the lagged price.

This model was rejected for the following reasons:

(a)

(b)

The demand functions have low coefficients of
determination (under 0,50) and statis€ically
nonsignificant regression coefficients. This may

be due to the export policies of the export
countries as we have explained during the discussion
of the U.S. foreign demand ecquation.

The reaction period of one year is apparently
too long.
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IV Application of the Economcetric Model for the
World Cotton Market:

l. The Reduced Forms:

The application of economic models to real economic
decisions requires first, that the assumptions of the model
be acceptable and second, that the parameters in the
economic model be known. Both conditicns are fulfilled by
our econometric model for the world cotton market. We want
to analyse the influence of cotton producing countries'
governments on cotton production, consumption, export and
price as well as on the revenue of foreign exchanges. For
this purpose we shall first solve the interdependent part
of our econometric model.

The interdependent part of the submodel for the middle
staple cotton can be written in matrixform as follows:

sz'x1z =8, ee. (34)
Py i P3 Ky X2 F3
T 1,0 0,04 0,025 B
¢12 = |-5,18 1,0
~0,938 1,0 0,312
0,086 1,0

-0,96 0,803 1,0
-1,808 ‘ 1.0




e

and _

836,4 - 0,025 TW, - (19,8 + 0,0083 P} - 0,0036 p§)o

1

- 0,0037 P + 0,0714 Yg - 0,0166 L,

E 3

3

-2874 + 5,18 Sub1 - 564 Rl4

126

N o 1,8 + 0,086 ES, + 0,297 ¥

2 2

-159644 + 1.7369.(P2t_1 - ESZ) + 28,4 T - 683 R23

+ 1,341 L2

-397,4 - (1172,5 + 0,491 PJ - 0,2106 Pg)'E3 + 4,234 ¥}

- 0,2195 P

L 3
The interdependent part of the submodel for the long- and
extra-long staple cotton can be written in matrixform as

= 0,9832 L3 - 227 R31

follows:
Q * X' = 8' o o e (35)
22 22 22
with
Py Ky X3
” h
1 1.501
& = 0,152 1
-0,794 2,894 1
k -
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X,, = (Pgr Rgo Xy)

and

1817 -~ 0,9141 L5t

g = - 0,1091 P, _

+ 20,93 R62
85 + 0,152 ES

u
2071 + 2,1242 P4t

N\

The inverse-matrices
1 7~
0,816 -0,0326
4,227 00,8309
=1
¢12= 0,5794 -0,0232
-0,4983 0,002
0,5962 -0,0238
1,4754 -0,059

and

1

4t

+ 37,6t - 370 R

for ¢

12

-0,0159

-0,0823

0,7457

-0,0641

0,7673

-0,0287

+ 6,1t

- 12,9t + 221 R4

- 04,1367 Prioy
+ 56,1 R
43 ¥ 1,331 Lat
and ¢ are
22
0,0124 -0,0154
0,0624 -0,0800
0,1985 -0,2471
0,9829 0,0213
-0,5988 0,7457
0,0024 -0,0279

52

b o o (36)




- ~
0,3506 1,5231 -0,5263
-1
2
00,4326 -1,0147 0,3506
~ o

The reduced forms solved from the evonometric model
for the world cotton market are given by the following

equations:
in _ =u
Ple ~ 27,5 + 8,929 Pie ... (38)
_ . P _ _ =u
Kie = By (49,8 + 0,02Yt 2,65t - 0,571 plt) eo. (39)
Alt = -848 + 0.994AAlt - 1113R13 eeo (40)
Glt = Elt‘ Alt e o 0 (41)
G,e = 1196 + 2,163(P,, _; - ES,, ;) + 35t - 85R,,... (42)
in _ u
Pp = 15 + o.95p3t eee (43)
K., = -184,4 + 4,412 Y&, - 0,228pY (44)
3t . o 3t » 3t e
A, = 1222 + 0,511 PY. - 0,219 pX (45)
3t ° 3t s 3t cee
G3t = E3t‘A3t e o o (46)
x3t = -54 + 0,647 (G3t-x3t) + 0,663 - L3t ces (47)
A
Pig © 800,3 - 0,0204 Wy, = 0,0013 (G3t-K3t)
- 0.0135L3t - 0.168950131t
+ 18.4R14 + 0.0278E52t + 0,0037 Yo
- 0,0267 P, _, - 0,4t + 1,1R,, ... (48)

- 0,0207 LZt



Xy

2t

2t

2t

3t

4t

5t

6t

i

1262 - 0,1057TW,

- 25 =

2t

1t - 0,0686 (G3t-K3t)
- 0.07021.3t + 4,3041 Sub,, - 467,6R,,
+ 0,1445ES, + 0,0191 Y, - 0,139 Poeol
- 23t + 5,5 R,y = 0,1073 Lo «o. (49)
A
1061,5 - 0,0145TW,, - (0,0094 (G5.~K5,) = 0,0096L,,
- 0,1202Sub;, + 13,1R,, + 0,4463ES,, + 0,059Y
- 0.4292p, _, - 7,0t + 16,9R,, = 0,3314L,
e« (50)

448,6 + o.ous'?'wl

+ 0,0104Sub

+ 0'037P2t—

A
-540 - 0,01491TW,,

0.12338ublt

+1,2952p,, _

528,6 - o.oasgﬁwl

227-R31

+ 0,0067Y

2t

O,O374L2t

2%

=195 it

0,734p

-112 0,195p

5t~1

42 +

0,073 P +

6t-1

+ 00,0081 (G3t°K3t) + 0,0083L

t 3k
1¢ = Le1R;, + O,0475ES, + 0,2919Y,,
L * 0.6t - 1,5R,; + 0,0286L,,
wren (51)
- 0,008 (G, -K;.) = 0,0099L,, -
+ 1,3R;, - 1,3659ES, - 0,1778Y,,
1+ 21,2t - 51,3R,5 + 1,0 -+ L,
.o (52)
g = 0s985 (G5 -Ky.) - 1,0077-L,,
- 0,3056Sub, .+ 3,3:R,  + 0,0504 - ES,,
- 0,0485P,, ; - 0,8t + 1,9°R,,
* wx [53])
13t - 128R,, .o (54)
3t - 14R o oo (56)

62



- 26 -

X, = 43 4 0,0911P ., _, + 56T - 37,4R;, + 0,609Lg,
..0(57)
Xep = 4 + 0,0727P , . + 3t + 14 R, + 0,562L
oo-(58)
Xgp = —26 + 0,4667 L, -~ 0,3954 L., - 0,3649 Ly,
u
+ 0,7447P,, - 0,0591P;, 0,0472P;, 3
- 0,1542ES,, + 1,4t + 95,6R, + 24,3R., + 9,1Rg,
- 129,7R
43 ... (59)
P4t = 1856 - 0,7005 L4t - 0,3205 LSt - O,2958L6t
u
+ 0,2315 ES,, - 1,118 P, - 0,0479 Pc.
- 0,0383 Poeni 15t + 77 R, + 195 R, 5 + 20 Rg,
+ 7R
62 ... (60)
K, =-197 + 0,1065 L,, + 0,0487L,, + 0,045 Ly,
u
+ 0,0073 PSt—l + 0,0058 P6t—1 + 0,1699 P4t
- 30 R
43 ... (61)
P - u - e
P., = 1312 - 0,7379 P, 0,1761 Pg, _; ~ 0,4623 L,
- 1,178 L5t - 0,1952 L6t + 0,1528 Es4t
- 0,0253 P,y - 25,1t + 72 R, + 5 Rg, ¥ 51 Riyy
+ 129 R

e ... (62)
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u

4e ~ 021352 L

P_, = 1272 - 0,2158 P - 0,0092 P

6t 4t §t=1

- 0,2065 P - 0,0619 L £ 1,5959 L

6t-1
- 13,5t + 39 R

5 6

+ 38 R4 + 4R

+ 15 R 3 52

62 41

eoe (63)

For simplification we set in our following discussion:

Ryz = Ryg = Ry3 = Ryy = Ryy =Ry =Ry + R, =0

& + 0,0447 ES

4t
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2. The Solution of the Systems of Difference Equations

The reduced forms obtained from our model given above
consist of two difference equation systems for the middie
staple cotton and the long and extra-long staple cotton
respectively. The time-lags occur in these variables as PZ"
L2, L3, L4, PS' PG' L4, L5 and L6 due to the reactions
of cotton producers in Mexico, Sudan and Peru to the
cotton prices and the effects of stocks to the export
supply in Mexico, Brasil, Egvpt, Sudan and Peru.

Solving the systems of the difference ecquations we can
see easily that our econometric model for the world cotton
market is stable. Therefore we can use a comparative-static
and -dynamic analysis of the particular solutions to the
difference equation system to find the effects of
exogeneous variables, particulardiy those of economic policy
variables.

Using the definition for the stock Li

L + X

Giee1 ~ Kype1 = Fye-1 .. (64)

it = Lie-1

assuming the exogeneous variables are stationary and

specifying:

Ky =fﬁit + ﬁii ; ﬁiz = K, + Ki £
Gyp = Gy + B3¢ Gl =G * 6]t
Xp = Xgp + X3y s Kp =%, +x0 ¢t
Pie = Pie * Php Ble =By + B0t
L, =1L, + L, T,. =15, +1°

it it it

for i=l' 2'000' 6.
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We solve the difference equations for the middle
gstaple cotton.

For Brazil we have:

-~ - - g @ ]
Ly, = (g = L3) 0,337 ¢
. N
L = 81 + 0,532 (G,-K,) + eeos (65)
3t 3°3 0,663 + -
& t-1)
¥° = - - = = o_,0 =0
X3, = =54 + 0,647 [((;3 R, + (G5-k) t}+ 0,663 13,
o e @ (66)
For U.S.A. and Mexico we have to solve:
P2t + 00,4292 P2t-1 + 0,3314 L2t = M21 :
- 0,8308 Pzt-z + L2t + 00,0286 L2t—1 = M22
® & & (67)
A
with M21~— 1061,5 - 00,0145 Twlt - 00,0094 (G3t-K3t)
-0,1202 SUB1t + 0,4463 ES2t + 0,059 Y2t - 7t
=0,0096 L,
A
Mo ™ -1106 + 0,0024 TW;,  + 0,0015 (G, =K,
+1,3184 ES2t - 0,1141 Y2t + 13,2t - 2,163 ESZt-l

40,1129 SUB

1t
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The roots of the characteristic equation of the
difference eaquation system (67) are:

0, -0,2289 +10,2352 - \/-1

Consequently the difference equation system (67) is
stable. The particular solutions for (67) are:

=0 _ — o
L9, = (0,476 M, + 0,8188 f,,) +
2 o 2 o
(0,8308t% - 1,6616t) M, + (1,4292¢% - 0,4292t) M3,
1,7453¢% - 1,033% + 0,0123
... (68)
4—0 - s _ >
BS, = (0,5893 M, - 0,1899 M,,)
2 o 2 0O
(1,0286t° - 0,0286t) Moy - 0,3314t M,
+
1,7453t% - 1,033t + 0,0123
ee. (69)
assuming: M_. = M.,. + MO .t

21 21 21

M.. +M°

Myo 22 * My

t

= o = o
M21, M21’ M22 and M22 are constant

2

1,7453t - 1,033t + 0,0123> 0O for t> O
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For the sub-model for the long. and extra-long staple
cotton we have to solve the following difference euqation
system:

Ly ~ ©s4488 Ly, - 0,2945 L, - 0,1675 Lg, | - 2,7204 L,
- 0,2553 L. _; = M, .ee (70)
0,0567 Ly, , + Lg, = 0,1605 Ly ) + 0,1072 Ly, _, + 0,4246 L,
+0,0412 L, _, = M, een (71)
0,0013 L,y _, + 0,0011 Ly, _; + 0,0006 L, + L, + 0,1284 Ly, _,
* 0,0179 Lgy _, = Mg ce. (72)
- o - u
where M, = -1751 - 0,5 PY§ + 9,1 & + 1,1261 ES,,
u
Mg = 85 + 0,014 ES_ - 0,1315 B, - 5t
u
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The roots of the characteristic equation of the
difference equation system (70), (71) and (72) are:

0,39 - 0,045 #/0,0893 Y -1 and

0,0905 +\0,3766 \[~1

We see that this difference equation system is stable.
The particular solutions are:

=0

Lye = 1,7188 M, + 0,8314 H, + 4,1241 W,
1 o O o
+ 5TEr(P1y (E)MgE + D,y (£)MZ, = Do) (£)MD) eee (73)
fio, = 0,1021 ¥, + 1,0076 M, - 0,6744 M,
1 o lo] lo)
+ 5Ty Py (EIMGE + Dy (£)MEE = D, (£)MDE ) ... (74)
w O e — g
Loy = -0,0017 M, - 0,0024 M, + 0,8686 M,
1 - e o o o
+ BTET(Dly(t)MZt Dy (E)MZ, + Dyg (£)MS) ce. (75)
wherel)
(0,5512t+0,4488) ~ (0,462t-0,1675) - (2,975t-0,2553)
D(t) = |(0,0567t-0,1134)  (0,9467t-0,1539) (0,4658t-0,0412)
(0,0013t-0,0026) (0,0017t-0,0011) (1,1463t-0,1642)
1) D(o) = 0,0082; D(1) = 0,7594; D(2) = 5,9828; D(3) = 18,21
D(4) = 43,529 ....
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D(t) > 0 for t > 0

Dij(t) >0 for t >0

and D

We assume:

Mgeg = My + My

5t 5 5t

6t 6 6

- - = o) o o]
where M4, MS' MG' M4, M5 and M6
5 = 0,8504 A, - 0,0178 &, + = (N AC.t -
5t s 5 ® 6 N(E) ‘1105

—~ = - = 1 a°
where 1,1761t - 0,1761

N(t) =

00,0092 (t-1)
N(¢) >0 for t >0
Nij(t) >0 for t > O, i,j =

13 (&) are cofactors of the determinant D(€)

are all constant.

21 6t) a e @ (76)
(s}
N22A6t) cee(77)

0,0253 (t-1)

1,2065t - 0,2065

1,2

Nij are cofactors of the determinant N(t)



5t

6t

AS'

- 34 =

= Rg + Ag, = 1712 - 0,7379 P, - 0,4623 L,

- 1,178 Lg, - 0,1952 Lo, + 0,1528 ES,, - 25,1t
= A+ A9 = 1272 - 0,2158 P* - 0,1352 L
-6 6t ’ 4t o 4¢

- 0,0619 L., - 1,5959 L., + 0,0447 ES,, - 13,5t

o = o] _
AS' A6 and A6 are constant. .
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3. The short-run effects of economic pblicies:

Using the reduced forms above we can show the short
run effects of economic politices of exporting countries
on the endogeneous variables. The important economic political
varia:les are as following: Pg, AAI’ SUB, , ESz, P?, 354’ p:
and P3. ‘
The short run effects of economic policies on the middle
staple cotton are shown by table 1 and the short run effects

on the long-and extra-long staple cotton are shown by table 2.

The short run effects in table 1 and table 2 agree with
the usual theoretical axpectations. Thué e.g. the U.S. export
subsidies have typical dumping effects."”
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Short run effects of economic policies (1)

Poli-
tical
Vari-
ables
=u u k
endo=- P1 SUBI ESZ P3 P3
geneous
Vari-
ables
- ' =6.003 5 ,0029E
P 0,1689¢0 |0,0278>0 5,00688 50| * >0 3t
X, 4,3041>0 |0,144550 |[©0*0331E3¢ b o152
L0,0156 <O 35
in
Ky ~0,571B, , >(
Gy 0,994E, >0
P a '1 _0,0048E . 3
5 0.1202<0 |0,4463>0 | Z0* 0 F3g o
O 00Z1IE.
X - . ‘OgOO49E . 3
2 0,1233<0 |-1,3659<0 | Z " 005 3¢t 5
X 0,0104>0 |0,0475>0 |C#00%1E3, FO,0018E,
2 +0,0018>0 <0
£
e, ~2.163<0")
P, ~0,3056<0 |0,0504>0 | 0#3032E3:
-0,225<0 J
X, 0.331E5,  lo,1428,,
+0,148>0 o8
Pin 0,95 > O
Ky -0,228 < O

%) with a time-lag of one year
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4. The long-run_ influence of economic policies:

Using the particular solution of the difference
equation systems above we can show the long-run influences

of economic policies on the endogeneous variables.

In comparison of the short run effects and the long-run
influences of economic cotton policies we find that for the
USA the short run effects and the long-run influences have
ghe same influence direction on all endogeneous variables.
But this is not so for Egypt where the short-run effects
and long-run influences of the export taxes on the Egyptian
cotton prices and exports are characterized by different
directions due to feed-back influences of the Egyptian export
taxes via the cotton storage on the price and export of
Egyptian cotton.

There are no feed-back effects of the US cotton policies
on the endogeneous variables via the storage of the U.S.cotton
because the export of U.S. cotton is independent of the U.S.
cotton storage.

Diag. 1 & 2 show these different results of the long-run
jnfluences of the U.S. and the Egyptian cotton policies.

piag. 1 & 2 are drawn from the reduced forms in IV 1
for the period t to show the pattern of influence of cotton
policies on the U.S. and Egyptian cotton economies respectively.
For the period t+l1 the interdependent relations of the
cotton economy are drawn from our econometric model to show
the further effects. The total effects in the period t+l
can be calculated from the solutions of the difference
equations in the last section. The feed-back effects from
these effects on the other export countries are not shown
in our diagrams.

The sign on the arrows in Diag. 1 & 2 indicates the
direction of influence; question marks indicate that the
effects are not clear cut.
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Long-run influence of economic policies (1)

Poli-

tical

Varia-
les

endo-
gene-
ous

Vari-
ables

P AA SUB

ES

w w

Notes:

+ for positive influences

for negative influences
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Tab.4: Long-run influence of economic policies (2)

Poli-
tical
Vari-
ables .
: o u
endo P4 ES4
gene~
ous
Vari-
ables
P4 - - Notes:
+ for positive
Xy + ‘ + influences
K - + - for negative
& influences
G, +
PS - +
X5 - +
G5 - +
P6 - +
X6 - +
G6 - +
L4 - +
]l.5 _ .
Lg - -
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Diag.l: The pattern of influence of U.S.cotton policies

a, The influence of an increase of U.S.export subsidies
on the U.S. cotton economy
SUB1 t t+1l endogeneous
& ' Variables

® @ K,'
® 8 pin

1

- ® L
Py
® +

® @ X4

@ - ® Gy

® @ L1

b. the influence of an increase of U.S.

support prices

on the U.S. cotton economy

§§t ‘ " t+1 endogeneous
Variables

® & K1

P ® & P:;_n

+
®

] P1
] & X1
+

® Y Gni
® ® L1
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2: The pattern of influence of Egyptian cotton policies

A. the influence of an increase of Egyptian export taxes

on the Egyptian cotton economy
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5. Formulation of cotton policies: Some examples

The effects of the cotton policies are shown in the
last section. Economic policies usually try to achieve some
political goals.

In this section we give an example of an economic policy
application of our cotton model.

The shortage of foreign exchange is one of the difficulties
in the developing countries. The foreign trade policies of
these countries are often used to earn foreign exchange.

Let us assume that the government of Mexico tries to use
the cotton export tax to achieve a maximal foreign exchange
revenue from cotton export. This goal may be a short run or
a long run goal. In both cases we can compute optimal cotton
export tax rates.

A. Short—-run:

The foreign exchange revenue of Mexico from cotton
export is defined as:

U2t = P2t . x2t eee (78)

The short-run policy tries to maximize UZt under
following condition:

Xop S Gop + Ly — Koy ees (79)
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The short-run optimal cotton export will be realized p £

v, g

™ = oo [(126-0.312){2t + 0,938 th’ Xop ]

+ 0,938 - P = 0

= 126 - 0,624 * X, -

t

*

or X = 202 + 1,5032 P

ot (80)

lt e o @

From the reduced forms above we know XZt’ Plt and K2t
are functions of ESZt' We derive from (48), (51) and (52)
an export tax for the optimal export:

% )
ES = - 1382 + 0,0112 TW

2t 1 T 00043 (G3y-K3)
+ 0,0074 L, + 0,0928 SUB,, - 0,1303 Y,
+ 0,9415 B, i+ 15,5t + 0,7325 L, ... (81)
But from the restriction (79)
ES;, > - 64,4 = 0,7075 G, = 0,0202 L,, - 0,0017 ™,

+ 0,0113 (G3t—K3t) - 0,0129 L,
- 0,0946 SUB,, = 0,3323 Y, + 0,8902 P,, ,
+ 14,6t «o. (82)

#

If we had a negative ES2t from (8l) which fulfils the
condition (82) then only an export subsidy could achieve the
maximal exchange revenue for the cotton export of Mexico.

If we compute an ES;t from (81) which does not fulfil
the condition (82), then the optimal value for ES2t will
be given by (82) because the optimal cotton export is greater
than the cotton export possibility.
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B. Long-run:

To derive the long-run optimal export tax rate for
Mexico we make use of (42), (50), (51), (52), (68), (69),
(78) and (79). We may now maximize:

=0 =0 3O
UZt P2t th «ss (83)

under the following condition:
30 =0 =0 =0
X2t < G2t + th K2t ees (84)

For the sake of simplicity we assume a constant export
tax:

m o -
and §o oy oy _
2t 2t 2t+1 PaE
SOB® = SUB., = suB =
1 it 1t+1 °ee
™e = TW. = TW =
1 1t 1t+1  °°°

The optimal cotton export tax is derived as

%

o _ o o
o = 044348 (M3, + 0,844 ESD)

ES
_ o _ o oo (85)
1,4184 (M2l O.4463ESZ)

O

% .
1f ESS > 677 + 0,5661 M3,

2

O O
+ 0,1026 (M7, - 1,3184 ESJ)

- 0,2695 (Mgl - 0,4463 Esg) ce. (86)




- 4f =

Summarz

The world cotton market after the Second World War is
characterized by (1) production surplus because of rapid
increase in production, (2) government requlations of export
countries especially on production and export, (3) severe
competition by synthetic fibers and (4) decreasing trend of
world cotton prices. )

An econometric model has been constructed for the period
from 1953/54 to 1964/56. This model is based on a number of
"statistical experiments”. By these experiments various
model-ideas were tested. The equations in the final model
are chosen according to the following criteria: (1) correct
signs of regression coefficients in the sense of theoretically
expected economic relations. (2) high coefficients of deter-
mination, and (3) statistically significantregression
coefficients.

Cotton is classified according to its staple length
into three main cétegories, i.e. short staple cotton, middle
staple cotton which is exported mainly by the U.S.A., Mexico
and Brazil, and long or extra-long staple cotton which is
supplied by Egypt, Sudan and Peru at the world market. Because
of its small share on the world market the short staple cotton
was not considered separately in our model.

The fluctuations of the world market price are the same for
the same kind of cotton from different countries because of a
high degree of substitutability, but there is no correlation
between those two groups because there is not much substitution
between them. According to this surprising result we must
consider the world cotton market as two markets, i.e. the
market for middle staple cotton and the market for long or extra-
long staple cotton.

The econometric model is an interdependent model with the
following characteristics:

(a) The foreign demand equations look like demand
equations for a quantity variation oligopoly model.
This is due to the
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fact that government regulations of the export countries
influence quantities more directly than prices;

(b} the foreign demand equations of Mexico and Brazil incorpo-
rate the iedea of American price leadership, while those
of Sudan and Peru incorporate Egyptian price leadership;

(c) many exogeneous factors which have important influences
the world cotton market are considered by the introduction
of dummy variables into the model; e.g. the speculation
effect of the American export policies, Suez-canal crisis,
etc.;

(d) different supply equations for different countries reflect
differences of production and export policies.

Econometric models with estimated parameters can be
applied in many ways, such as to see the short-run and long-
run effects of economic policies and to formulate programs
of economic policies to achieve certain goals. For these
applications we must derive the reduced forms of our model
and we must solve the diference equation-systems of the
reduced form, since our model is interdependent.

While the short-run effects of cotton policies can be
easily derived from the reduced forms the long-run effects
must be shown by the solutions of the difference equation
systems. Solving the difference equation systems we have
shown that our model is stable.

One of the interesting results from the comparison of
the short-run and long-run effects of cotton policies is
the reverse influence of Egyptian export tax on the Egyptian
cotton export and price. This is due to the dependence of
Egyptian export supply on the cotton storage.

As an example of possible applications we have derived
short run and long run optimal Mexican export tax sales
for the maximization of foreign exchange revenue.
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Appendix A

The method of two-stage least scuares is used to estimate

our model. The calculation is carried out by the following
steps:

(1)

(2)

(3)

(4)

The first-step (the model is estimated by the method of
least saquares). In this step a "statistical experiment” is
carried out to test various model ideas.

The second-step (test of interdependence of the residues
in the regression ecuations calculated in the first-step).
Two correlation matrices of the residues of the regression
equations "Ui and Uj" are given in Appendix B.

The third-step (estimation of reduced ecquations with the
method of instrumental variables). There are 31 exogeneous
variables in our model but we have only 12 observations. The
direct application of the two stage least sguare method is
therefore not possible. One way to avoid this difficulty is
to estimate the reduced equations separately by the method
of instfumental variables. The criteria for the choice of
instrumental variables in a reduced equation are as follows:

{(a} The instrumentalvvariables should have the highest
correlation coefficients with the corresponding
endogeneous variable;

(b) the instrumental variables should have low correlations
between themselves;

(c) the number of variables in a reduced ecquation should
not be greater than one third of the observations;

(d) the problem of jdentification should be considered
in the choice of instrumental variables.

The reduced equations chosen according to these criteria

are given in table 1 and 2.

The fourth-step (estimation of the two-stage least square
equations) .



49

(v2) |(821°0)
08°t1 L8°0 | #6- | T8H'0 €0t €x
(640°0) [(TEZ°T)
0Tt 6L°0 160°0~ | TS€°S 9zz €y
(910°0)|(£22°0)
BT*2 8L°0 220°0- LhL®0- | £08 €a
(ZTOO)(LKhT0)
20°2 28°0 9L0°04 6L9°0~ | LhL €g
(925°0) (L2)
L't 0L°0 #9990 90T €9z ey
(960°0) (TL0°0)
6T°2 16°0 | 0nT¢0 5040 st %y
W (LhL*0) (1200
ne't | 210 | 809°T #70°0- the | Y
. (994°0) ($T0°0)
nh'2 690 M 950°0- 6£0°0 Z8L ¢4
M (29T) ($h6°0)
ze°T 0L°0 18§~ 6952 968 Ty
(10°0){(TET*0)
88°1 260 810°0- 328°0- | 888 Va
| (10%0)| (eT'€)
20°2 2,40 $20°0- whe'S-:  8LL ta
sma an | 'E i I e x| sz | "N mwj Fans -asvox lav |
SUoT enbd paonpay 1 21del’




50

. eote) 0Tty | g
enz | 99°qo’s - s‘¢ | 10T ‘9
. ,(8°6 ) (861°T) | 5
8L'T | 09 LT~ LONZ . €6 | X

vs'z | 69 (£9) (L) |
6T nt- | 96 | 34
(8¢€) (v) i
s ¢ 9
w0z | 69 OhT 9= | #S8 dl
, . (5L2°0) (s‘z ) | "
6e’z | 2§ $54°0 | W S X
|
. . (81) (Lz'o ) | g
LSt | 69 .29~ 8 | &8 %
. . (£6) (0T) | g
98t | €L 182 hz=  LOTY| id
(L9) L)y |
¢ o Sy
6€£°2 | TL 803 wWl- . 896 di
(0ze°0)| (6€) w sxr
gz'z | 9¢g’ h8e°0-| €e- { €6
(22) () |
9L't | z8° 8L~ zt | ane | "ol
i 1
) . (6£0°0) (n°0 ) | -
on'z | 86 320°0 L. e’
) . (9€0°0) | (96) | .
69°T | €5 . §20°0~| 297 I 1-10) 10
. . (98) (8) | "
w5’z | 89 662 0T- - 8£0Ti 'd
i _
sMa m4 B9y | Py Sy 29y ﬂm% na My iy wr| My 1 casuoy AVl
“Stotgyenby poonpod ¢ aTqel




51 -

0000RI°1 b °d °o °9 s °9 e ®9 Y}

- ¢ ® @ e ® L) e LE L] ®0

9€808E 0~ 0OLDDO°T 0 C ] 0 : b oo g

8e108%°0 11e0p0*0- 00BHLO°T o °2 °9 .D .n o9 ro

BREGLZ®D 9GGLZO°D 9S82L2°C~ €BEOOL®T °? °o Y] -) rw g
ZOLYZOD 992CSH%°0 EE28HZ°D~ H6ELSEY°L LODLEO°T D °9 .: ~d vw
S6I899°0 99LLI%2°0~ SLPEDS°D OBSHSZ®D L8Z%DD°D- PDODWO°T e v .u. .

9GZ6YE°D 0€EDSBTI*D T12L€0%0~ $LYIZH®0 €82925°0 TeLw91°0~= Quihbo®l . ‘v .0 ra

619120°0 T16%EZ2%0 Li%PLD°0~ DEBOIZ®C 6GESIDD®D L6LYZL°D ZfSlE0°O~ uonr:o.M ‘ >.o rw

€9GESSE B®L9L2°0~ LOGEOZ®® L48840°0- TLELE1°0- BL02€D°0 BHGCIET°E €910 “:ﬁmmzra , 8

DYBEII°D~ 6DLZFE®D T2€GEG°0- D96L20°0~ GSHSI®D  €CL96CE °D= LPLT60°H~ 500962°L mommwc D= 0o 0D T

€on 290 190 esn . Zsh 150 Y490 €Hn i 1%0
FNaNA B NIHISTMZ NIANITZIASIUSKNORLVITUEON ¥ X TULV.

poep° 1 0 ) ‘v °9 Y] o °0 °p °0 ‘D °u °L °D °d 0
LESD D~ DOOH°1 ‘o °D °9 °P s ‘D D °Q °9 °9 L e * 9 Y
9¢ZL 0~ pZBE D~ QODOO°T °p °p °D °€ °6 °B D ®0 °p ‘b ‘D °9 0
ZE6E°D L6%D°D- 1961°D- 0OPO°1 °0 °e ‘D °0 °D °0 °0 °9 ‘L ‘u °9 0
2%92°0 9EDT°D 6802°0- 91I%L°0 0000°1 ‘0 ‘o °0 Y] °Q ) °0 °f °2 °o °D
DH41°0- B8EYT°D 9L6D°0- G99E€°0 S6S%°0 PIDD°1 °u °9 °p °p °Q U °L b 0 o
ISET°D €620°0- 2€S€°D~ 2991°0 SOLO°D 2L19°D 0600°1 °D Y °9 ‘e °D *E 0 °0 °B
8%81°0 6092°0 €2Z9€°0- 65%51°0 9981°0 69%0°0- L8L2°¢ DDOO°1 °p °9 ‘0 ] b ° °9 “0
SETT 0~ TE9G°L~ 66EE°D 2L91°0 H1I1°0 %0%D°0- 6%L0°0~ BE1Z2°0- DODD°1 °9 °0 °0 Y °0 °9 °9
SLI%°0 ATLE°0~ 2202°D- €0G2°0 6262°0 O0SE€Z°0D- LZ10°0 €360°0 LO0%L°D poo°l °p cu *L Y Y o
CB21°D S9%9°0- GGLP°D~ GBGZ®D 8%6D0°0 9261°0 9$6€°0 2ZIET°0 6DEE°H 1992°0 0OPO°1 ] Y v *0 °p
GEEY"D  DDS9°D- 6%11°0- 2000°0 6LS2°0~ LL%G°D- %221°0D= %9L1°D~ L6€4°D 6E69°D 98s%°0 0OUOL°T ‘L *o o 0
BI61°0~ L9%2°0~ GSPE°O 291£°0 GBZI°C B8B60°D 6I82°D %965°0 G062°D 9E6T°0 THS%°0 6DZL°0 2230°1 ) *9 0
€TL1°0 2262°0 652€°0~- LY6%°0 GBE9°D L289°0 0BIS°H %62%°0 91L66°0 LE€€2°D 2681°0 L%0C°C- sv8e°L  pppp°1 @ ‘0
#54%°0 ZT9E°D  96SL°D- €292°0 GSSTE€°0 Y1911°0- [%20°0D ZI€S°0 696E€°D~ PO9D°D OICZ D 9EOD°D 1oL TILI®°D cCgopoct °p
EOLT 0~ L2ED D~ 2LT1°0 €L21°0- 6%8D°C T11S€°0 68%1°w~ 262L°0D- BEZ1°P L621°0~ TL20°D 11S0°D~ L%3G6°L~ LL6D°0U §12€°0- wpOD 1
aLn mun sen Yen gen een 1en %Zn €cn Zen 1en Sin 21N ein 2in in

FOOOND 10 NIHISTMZ NIUINITZIS43IMSNITLYVIISYON 830 X1divae

g XTpuaddy



- 5 -

Appendix C

Deflated Cotton Prices

Year _ P1 P2 P3 P4 PS PG

1953/54 718 704 635 941 993 818
1954/55 738 724 692 966 941 855
1955/56 703 654 608 1023 1047 835
1956/57 623 649 582 1138 1204 1025
1957/58 703 703 595 908 944 907
1958/59 683 633 556 746 738 739
1959/60 648 633 556 923 878 874
1960/61 669 662 607 946 935 837
1961/62 683 663 607 954 = 826 818
.1962/63 627 606 548 803 749 755
1963/64 581 576 504 825 800 773
1964/65 609 575 515 945 857 780
Notes:

The deflated prices are calculated with Reuter's price index.
The price indices for the years from 1953/54 to 1964/65 are:
119, 119, 118, 114, 106, 101, 102, 101, 100, 106, 113, 112.
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Appendic C
Non-deflated Cotton Prices

Year P1 P2 P3 P4 PS PG
1953/54 855 838 756 1120 1182 973
1954/55 878 862 823 1149 1120 1017
1955/56 830 772 717 1207 1235 1007
1956/57 710 719 664 1297 1373 1169
1957/58 745 745 632 962 1001 961
1958/59 690 639 562 753 743 746
1959/60 661 646 567 941 896 891
1960/61 676 669 613 955 944 845
1961/62 683 663 607 954 826 818
1962/63 665 642 581 851 794 800
1963/64 657 651 579 932 904 873
1964/65 682 644 577 1058 960 874
Notes:

1) All prices are the vyearly average prices c.i.f. Liverpool/
England in U.S. Dollar/1000 m.t.

2) P, is the average price of "Texas M. 15/16""; "Memphis Territ
SM, 1-1/16"" and “"California S.M. 1-3/32"" for the period
from 1953/54 to 1958/59; and the average orice of "Orleans
Texas M 1"", "Memphis SM 1-1/16"" and "California S.M.
1-3/32"" from 1959/60.

3) P, is the vearly average price for S.M. 1-1/16".
4) P3 is the yearly average price for Sao Paulo Type 5 -- 1-1/32"

éf P4 is the yearly average price of Ashmouni F.G. Giza 30 F.G.
and Karnak F.G. for the period from 1953/54 to 1961/62;
from 1962/63 is the average price of Dendera F.G. and
Menoufi F.G.

6) P5 is the average price of G.5L and G.5S.

7) P6 is the average orice of Tanquis Type 5 and Pima No.l--

1-9/16.
8) Sources: International Cotton Advisoryv Committee: Cotton -

World Statistics; Quarterly Bulletin, Washinagton D.C. U.S.A.
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