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Because of the increased variability of cotton spot 
prices over the past decade, the importance of accurate 
price forecasting for decision makers has increased. 
Three price series (weekly, monthly and quarterly) were 
analyzed and forecasted using autoregressive integrated 
moving average (ARIMA) models. The forecasting 
performance of ARIMA models was compared to that of other 
less complex models such as random walk, simple 
exponential smoothing and moving average. Results showed 
that ARIMA models outperformed the random walk model and 
other simple forecasting techniques When forecasting 
monthly and quarterly prices. The weekly price series 
had an unstable stochastic structure. If constant 
reestimation of the weekly price model is not permitted, 
the random .,alk model is a preferable forecasting method. 

Introduction 

Many agricultural commodity prices are characterized by 
large and frequent fluctuations. considerable effort has 
gone toward developing and testing price forecasting 
techniques that .,ould alleviate these problems. A 
discouraging conclusion often reached as a result of 
these efforts is that price movements, when measured at 
close time intervals (e.g., weekly or daily), are best 
modeled as a random walk process Wherein the best 
estimate of the future price is the current price. This 
conclusion is especially pervasive in the area of stock 
prices (Granger, 1968). 

Kendall (1953) argued that when prices are observed at 
close intervals, interperiod random changes are so large 
that they swamp any possible systematic effect. 
Averaging could dampen these random shocks, thus allowing 
previously hidden patterns to be detected. The 
measurement interval thus becomes very important. 
Kendall concluded that the random walk model is the best 
predictor of weekly wheat price data (for the Chicago 
market). He found, however, that monthly cotton prices 
are serially correlated from one month to the next. 
Granger (1968) presents proof that (for stock market 
prices) " ... price changes for individual transactions 
data may be autocorrelated but observed tnat changes over 
longer periods may still appear to obey a random walk 
model if there is a short memory of price changes ••• " 

Leuthold et ale (1970) have forecasted daily hog prices 
and quantities supplied with both econometric and time 
series models. Hog prices appeared to follow a random 
walk and the time series models did not forecast them 
well: The econometric model, however, which included, 
among other variables, a dummy variable for each day of 
the week, forecasted prices fairly well. 

Labys and Granger (1970) found that the random walk was 
the best model tor a number of commodities, but not so 
for cotton and cocoa. Daily cash cotton prices were 
round to have a weekly cycle. However, this cycle was 
never strong enough to be statistically significant. The 
data used in the study were for August 1964 through July 
1965. Since then, due to changes in government farm 
policy, the stochastic nature of the price of cotton has 
undergone significant changes. 

Not all price forecasting studies have met wi th 
failure. Herring and Liao (1986) used a Box-Jenkins 
approach to forecast monthly cotton prices among other 
commodities. Their model, validated with an out-of
sample forecast for which the absolute percentage error 
was calculated, forecasted fairly well for up to three 
months ahead. Bailey et a1. (1984) developed a time 
series model for daily cash cotton prices, which was 
later used in a simulation exercise. Theil's Ul 
statistic (Theil, .1966) was used to evaluate the model, 
yielding a value close to zero. I.n .the simulat~on 
exercise farmers were assumed to explo:lt the forecast:lng 
ability of the model to choose optimum m~rketing 
strategies. The results indicated a reduced var1ance of 
net inc Ollie as compared to selling at harvest. The cost 
of forecasting was not taken into account,bowever. 

A drawback with much of the research examined is ~at 
comparisons were not made between time series model 
forecasts and other Simpler forecasting techniques. 
Brandt and Bessler (1983) conducted an exercise in which 
they forecasted quarterly hog prices with a nUmber of 
techniques, including time series models, econometric 
models, simple forecasting techniques and others. They 
found that the Autoregressive Integrated Hoving Average 
(ARIMA) models outperformed most techniques tri~ , 
including the random walk, the simple and Holt-Winters 
exponential smoothing techniques, an econometric model, 
and expert judgement. Similar conclusions were reach~ 
by Leuthold (1972). 

In the present study time series analysis techniques, 
i.e., ARIMA lUodels, were used to model and forecast spot 
cotton prices for three different measurement intervals: 
weekly, monthly and quarterly. The objective was to gain 
insight into whether these techniques could provide 
better forecasts than less complex methods, and if so, 
for what measurement interval the time series analysis 
approach is most effective. 

The Time Series Model 

The time series approach can be used to model variables 
that obey a stochastic process. Ideally, one would like 
to estimate the multivariate probability density function 
of the variable. In practice, however, such an 
undertaking would be very difficult since it would 
involve the estimation of a very large number of 
parameters. Fortunately, much can be learned about a 
variable's behavior by analyzing the way it relates to 
its own past values. Time series analysis techniques 
seek to model a stochastic variable's behavior as a 
combination of stochastic autoregressive and moving 
average components. These models are known as ARIMA 
models. The full ARIMA model of orders (ll,d,g) is 
expressed as: 

(1) !PC B)4·y.=6+a(B) E., 
Where: 4"y. indicates the number of times, d, that the 
series y has been differenced, ep(B) denotes the 
autoregressive polynomial function of the backward shift 
operator, B, going back .n periods, 9(B)Et is the weighted 
average of the random disturbances polynomial of the 
operator, B, going back g periods, and 5 is .a const~t 
term which relates to the mean of the stocbast:lC process. 

Modeling a stochastic variable with time series 
analysis tecbniques consists of three major steps: 
identification (in which the autoregressive and movi~ 
average components of the series are identified), 
estimation (estimating the values of the parameters in 
the structure), and validation (in which the.estimated 
time series is compared to the actual time ser1es to see 
how well the latter is mimicked by the model). 

The simplest stochastic time series model, in which~ 
information can be obtained from the variable'S history 
to forecast, is called a random walk process. A randol 
walk model is represented as: 

(2) 

where E, represents a purely random error series (usually 
called white noise). The model implies that the best 
forecast for a variable is simply its current value. 

The Data 

The three series analyzed are successively aggregat~ 
averages of daily spot cotton prices for grad~ 41, staple 
34 for seven markets. The data used is publ:lshed by the 
Agricultural Marketing Service of the U.S. Department Of 
Agriculture. Preliminary model identificatl.on eff~:rts 
indicated the presence of two problems. The hrst 
problem was a non-constant structure of the dat';l. Older 
observations · were removed from the original ser:les until 
the autocorrelations and other model identification ai~ 
became stable. In the final data sets. weeltly 



o~ervations were available for the period from January 
1987 to July, 1990; monthly from August, 1978 t~ 
September, 1990; and quarterly from January, 1972 to 
September, 1990. The weekly series did not show a stable 
structure for any period, but volatilities of the 
structure seemed to diminish after January, 1987. 

The second problem involved the drastic drop in spot 
cotton prices observed in August of 1986 as a result of 
initial implementation of the marketing loan pOlicy. 
~is .eve~t had a serious effect on the probability 
dIstnbut~on of the data sets, precluding successful 
Dodel identification. Furthermore, ARIMA models could 
not be expected to capture such an event, since the price 
drop did not follow the historic structural movements in 
~e data. Several approaches to deal with this problem 
.ere examined, including various smoothing techniques and 
~e use .of dummy variables in a regression setting. 
FInally ~t was decided to replace the atypical price 
quotes with the means of the corresponding observations 
of the remaining years included in the estimation 
samples. 

Four observations were replaced in the monthly prices 
and two in the quarterly. To check for any unwanted 
change in the autocorrelations which may have resulted, 
the autocorrelations of the observations prior to, and 
~ollowing the 1986 marketing loan policy were examined 
Independently. These autocorrelations were then compared 
to those obtained from the complete adjusted series. The 
results were inconclusive given the small number of 
observations (especially in the post policy period). 
However, nothing different could be observed in the 
appearance of the autocorrelations and other 
identification aids. It was concluded that initial 
implementation of the marketing loan did not alter the 
~derlying monthly and quarterly price behaviors. 

The structure of the weekly prices did change 
significantly with the 1986 policy change, and 
replacement of 23 atypical observations with the 
corresponding means of other years could not correct 
this. Hence, it was deemed necessary to eliminate all 
observations prior to this event and in the midst of the 
adjustment period in the weekly price series. 

Findings and Discussion 

Estiwation Results 

n:e . final estimated ARIMA models are reproduced in 
Exlllb1t 1. In the three series the raw data were 
initially found to be homogeneous non-stationary (i.e., 
the underlying stochastic processes that generated the 
tlttee price series were not constant through time, but 
could be made constant (stationary». To induce 
stationarity, first differences were taken of the three 
series. Further differencing proved to be unnecessary. 
The estimated quarterly model includes only a subset 
autoregressive CAR) component with significant lags of 
order one, four and six. The monthly price model is a 
subset ARIMA model with lags of order one and eighteen 
f~r the AR component and a moving average (MA) component 
With lag of order five. 

A weekly ARlHA model with an AR component of lags of 
order one, fifteen and nineteen and an MA component of 
lags of order six and thirteen is presented as an 
example, although it cannot be considered as a final 
model. The weekly price model proved to be very 
uns~ble. The t-tests for lags and estimated parameters 
exhibited great sensitivity to the length of the series 
and the period of the series studied. Equivalent obvious 
structural behaviors were not observed in either the 
I!Cnthly or the quarterly series. Structural changes have 
OCcurred in cotton prices with some frequency. However, 
the main structure has remained fairly constant in the 
last twelve years or so, at least at the monthly and 
~rterly levels of aggregation. Stochastic movements 
vith a period of less than a month might, however, be 
particularly sensitive to policy changes. 

It cannot be concluded that the weekly series is a 
random walk. The sample. and subsamples, of the weekly 
prices pass Bartlett's test and Portmanteau's Q-test for 
~te noise (Newton, 1988), although sometimes only at 
the ten percent level. As will be seen in a later 
section, the weekly model merely needs to be updated with 
9reat frequency. and hence, does not lend itself to 
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extended one-step-ahead forecasts, as do monthly and 
quarterly prices. 

The significant lags in the weekly, monthly and 
quarterly models deserve comment. A lag of order one in 
all series is to be expected, i.e., for all of the three 
pr~ce series, one would expect the previous period's 
prlce to have some effect on the current price. The 
coe~ficient is always positive indicating that adjustment 
per10ds, or cycles, are longer than one. A significant 
lag of order four in the quarterly series intuitively 
suggests a yearly cycle. The negative sign also suggests 
an adjustment period of one year. if output is excessive 
in one year, and prices are low as a result, less will be 
produced in the next year with accompanying higher 
prices. This cobweb-like adjustment model is 
theoretically consistent with an agricultural commodity 
such as cotton. 

Particularly interesting is the absence of a yearly 
cycle in the monthly data. This might indicate an 
efficient market that dampens strong· periodicities 
through arbitrage, or that so many factors enter into 
price determination that a yearly cycle is obscured. 
since a yearly cycle is evident in the quarterly data, 
the latter explanation seems more probable. The 
additional averaging undergone by quarterly prices 
averages away these random shocks and exposes the yearly 
cycle. 

Less clear is the lag of order six in the quarterly 
prices, also evident in the monthly data, which shows a 
significant lag of eighteen months. A theoretical 
explanation for this phenomenon is not obvious. The 
explanation may be a simple harmonic--a lDultiple of a 
true periodicity (Labys and Granger, 1970). 

Moving average components are intuitively less obvious 
than AR lags, although they do indicate a lagged effect. 
The MA component of lag of order five observed in the 
monthly model might be related to the duration of 
cotton's growing season, which is five months. 

A significant lag of order five does not require that 
the price prevailing in every month of the year be 
related to the price prevailing five months before. If 
the correlation is sufficiently strong, its presence in 
only one or two pairs of months out of the year is 
sufficient for statistical significance. 

Most elusive are the lags observed in the weekly 
models. Although different subsets of the weekly data 
set show different significant lags, one, fifteen and 
nineteen repeatedly appear as significant. No 
explanation for these lags can be ventured. It is 
speculated that the lag of order nineteen might be 
related to the planting season, as was the lag of order 
five in the monthly model, and hence has a similar 
interpretation. 

Model Validation 

The models were validated using out-of-sample 
validation as recommended by Brandt and Bessler (1983). 
Models were tested by forecasting beyond the period of 
fit and then comparing the forecasts with actual 
observations for that period. Models that perform well 
with in-sample forecasting often do poorly when tested 
against data outside the period of fit. 

The full data sets were split into two SUbsets and the 
models were estimated with the less recent ones. The 
nmnber of observations which could be used for model 
validation were constrained by the size of the stUdy 
5amp~e. Thirty-five observations were reserved for the 
weekly model, twenty-six for the monthly, and seven for 
the quarterly. one-step-ahead forecasts were then 
calculated and compared to actual prices. To determine 
whether the ARIHA forecasts would be better than less 
complex methods, llU!asures of forecasting error (the mean 
absolute percentage error (MAPE) and the mean squared 
error (MSE)) were calculated for three additional 
techniques. The results are reproduced in Tables 1 
through 3. Deciding on the best model on the basis of 
the absolute size of the MSE does not take account of the 
stochastic nature of its predictions. The KAPE, however, 
does not suffer from this problem and can be safely used 
for the task at hand (Brandt and Bessler, 1.983). 



For time series with a relatively sparse structure such 
those analyzed here, it is possible that an ARIHA as 
model will not perform much better than a random walk 
model for one-step-ahead forecasts. It was hypothesized 
that as long as the ARIHA model captures some structure 
it would have a greater probability of outperforming th~ 
:andom walk model for forecasts of more than one period 
~nto the future. Support for this hypothesis lies in the 
fac;:t that the random walk instantly decays to a constant, 
wh~le the ARIHA model attempts to follow historical 
patterns. 

Hultiple-step-ahead out-of-sample forecasts were 
c;:arried out for the weekly, monthly and quarterly series 
~n order to test this hypothesis. Preliminary tests 
showed that forecasting accuracy depended on the point in 
the data at which the series were split for multiple-step 
forecasting (This did not seem to be a problem for the 
c;me-step-ahead forecasts). Hence, several cutting points 
~n the latter part of the series were chosen: thirty-one 
f~r weekly pr~ces, t~enty-three for monthly prices and 
s~x for quarterly pr~ces. The models were reestimated 
for each individual cutting point. While the parameters 
were ~llowed to find their own values, the models were 
restr~cted to the . orders defined in the final models 
presented in Exhibit 1. Four-step-ahead forecasts for 
the weekly series, three-step-ahead forecasts for the 
monthly series and two-step-ahead forecasts for the 
quarterly series were calculated starting at each cutting 
poin~. The r~s~lting MAPE's were compared to those 
obta~ned from s~m~lar multiple-step-ahead forecasts using 
the other methods. The results are presented in Tables 
4, 5 and 6. 

Results of Model Validation 

It is apparent from Table 1 that, for one-step-ahead 
forecasts, the ARrHA model works best with monthly data 
outper~orming the random walk model, the exponentiai 
smooth~ng model, and the moving average model. The 
quarterly price ARrHA model likewise outperforms all 
simple forecasting techniques, but less dramatically so 
(Table 3). The weekly price model (Table 1) on the 
other hand, fails to outperform the random walk model. 
If constant reestimation of the weekly model is not 
permitted, the random walk is a preferable forecasting 
method. 

The results of the multiple-step-ahead forecasts for 
the weekly, monthly and quarterly prices (Tables 4 5 6) 
indicate that for monthly prices, the ARIHA model still 
outperforms the random walk. This result is no longer 
the case for quarterly prices according to the HAPE 
criterion. This la tter result, however, should be 
considered inconclusive, since only six forecasts were 
used in the exercise. In fact, the failure of the 
quarterly ARIMA can be traced to the last observation 
Which the model severely underestimates. The superio~ 
performance of the mU1tiple-step-ahead vis a vis the one
step-ahead forecast in the case of weekly prices owes 
much to the weekly prices' unstable structure. For the 
multiple-step-ahead forecasts, the coefficients were 
continuously updated, but not for the one-step-ahead. The 
adaptive weekly models, in which model identification and 
estimation are repeatedly performed with every four new 
observations and used for forecasting up to four steps 
ahead, showed they outperform the random walk model 
(Table 7). Using the same weekly model validation data 
the adaptive models decrease the MAPE by 19 percent ove~ 
the random walk model. 

For the monthly data, the MAPE for the one-step-ahead 
forecast is 17 percent smaller for the ARIHA model than 
for the random walk, and 16% smaller in the multi-step
ahead forecast. One-step-ahead and multiple-step-ahead 
forecasts are not strictly comparable since the latter 
forecasts were carried out with a repeatedly reestimated 
~odel, while the former were not. However, it may be 
l.nformally suggested that the multiple-step-ahead 
forecasts' advantage over the random walk decays faster 
than the one-step-ahead. 

COnclusions 

The results rather conclusively show that ARIHA models 
can, with appropriate updating of the estimated models, 
outperform simple forecasting methods. Furthermore, 
updating the models proved less cri~ical for both monthly 
and quarterly data. 
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The monthly and quarterly models could be safely uSed 
for extended out-of-sample one-step-ahead forec ~ 
without r,eestimation. A more accurate forecasting re:~lt 
f<;>r mult~p~e-step-ahead forecasts should be obtainable 
w~th adapt~ve ARIHA models. Cotton market participants 
can use the mod~ls developed in t~is study for monthly 
and,~arterly pr~ce forecasts as a~ds in their market in 
dec~s~ons. g 

T~e results presented above show that the weekly price 
ser~es has a very unstable structure. However, the 
results of the multiple-step-ahead forecasts obtained 
from the adaptive models evidence that an unstable 
str~cture does not preclude forecasting weekly prices. 
It ~s merely necessary to periodically reestimate the 
ARIHA model. Identifying and estimating a ARIHA model 
repeatedly might not be feasible for every market 
participant. For them, the random walk model 1s 
recommended since the model is costless. The random walk 
model is shown to be the best model for weekly price 
forecasting if the ARIHA model is not reestimated as new 
information becomes available. 

In spite of the apparent success of ARrHA models, 
forecasting commodi ty prices rema~ns a perilous 
enterprise. The source of uncertainty is not a gradually 
changing structure in the prices' stochastic processes, 
but the occasional policy change. The dramatic price 
drop observed as a result of the marketing loan policy 
could not have been anticipated with any model. 
~ortunately, such interventions seem to be relatively 
~nfrequent. 

It is beyond the scope of this paper to establish 
whether the improvement in forecasting ability reSUlting 
~rom the use of ARrHA models is sufficiently large to 
Justify the additional expense. Economic evaluation of 
ARIHA forecasting techniques might be carried out in 
future work using simUlation exercises, such as used by 
Bailey et al. (1984). 

It must be mentioned that ARIHA model estimation for 
different time intervals does not always imply averaging 
data from shorter intervals. An alternative is to select 
a particular observation out of the set instead of 
averaging all observations in the set. Bailey et a1. 
(1984), for instance, used the closing price of daily 
cash cotton prices in their estimation. 

Finally, the reader is reminded that the failure or 
success of the models estimated in this study can by no 
means be extrapolated to other series or other estimation 
methods, even within the area of time series analysis. 
Minor procedural modifications could conceivably produce 
changes in the results. 
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Exhibit 1.. Fina1. form of the estimated models for weekly, 
monthly and quarterly spot cotton prices .• ,. 
Weekly Prices:' 

w,=O.2071.3W ••• - 0.1.5890W" 15 - 0 • 1. 6800w •. , • 
(0.078) (0.081.) (0.084) 
+ €. + 0.1.6393€ •.• + O. 201.57€."3 

(0.083) (0.085) 

I!onthly Prl.ces: 

w,=O.29475w" , - 0.32328w •• u + €. - 0.2472510 •.• 
(0.084) (0.092) (0.094) 

. Quarterly Prices: 

W,=0.27672w" , - 0.30753w._. - O. 27861.w •.• 
(0.11.2) (0.1.03) (0.1.1.5) 

'Sample model, no best model for weekly prices is 
presented. 
~-values of parameters are in parentheses below the 
estimates. 

"w.=P. -P •• ,. 

Table 1. One-step-ahead out-of-sample forecasts of u.s. weeldy spot 
cottOIl (!rices with different forecasting technigues. 

Prices (centsLlb.) from 
Actual Random Exponent. Mming AMIA 

PeriOO Walk smoothing average model 
8948' 64.93 67.'12 68.37 69.10 66.73 
8949 63.07 64.93 66.65 68.29 64.02 
8950 63.22 63.07 61.86 66.81 62.63 
8951 63.02 63.22 6,1.0·1 65.39 63.61 
8952 64.92 63.02 63.53 61.33 62.67 
9001 63.21 64.92 64.22 63.83 65.29 
9002 61.92 63.21 63.72 63.49 62.63 
9003 62.42 61.92 62.82 63.26 61.22 
9004 61.74 62.42 62.62 63.10 62.81 
9005 62.40 61.74 62.18 62.84 61.83 
9006 63.28 62.40 62.29 62.34 63.04 
9007 65.49 63.28 62.79 62.35 62.19 
9008 66.25 65.49 64.U 63.07 65.75 
9009 66.15 66.25 65.19 63.83 66.69 
9010 68.26 66.15 65.67 64.72 65.89 
9011 68.40 68.26 66.97 65.89 69.06 
9{H2 67.85 68.40 67.68 66.91 68.66 
9013 68.53 67.85 67.77 67.38 69.05 
9014 70.78 68.53 68.15 67.84 68.51 
9015 70.92 70.7B 69.46 68.76 71.l3 
9016 70.69 70.92 70.19 69.29 72.16 
90li 72.56 70.69 70.44 69.75 70.55 
9018 72.34 72.56 71.50 70.70 72.89 
9019 72.63 72.34 71.92 71.46 72.05 
9020 73.65 72.63 72.28 71.83 73.91 
9021 76.Bl 73.65 72.96 72.37 74.00 
9022 78.73 76.81 74.89 73.60 76.69 
9023 77.36 7B.73 76.81 74.83 79.94 
9024 75.55 77.36 77.09 75.84 76.76 
9()25 77.30 75.55 76.32 76.42 7.f.62 
9()26 77.77 77.30 76.81 77.15 77.13 
9027 79.50 77.77 77.29 77.34 78.74 
9028 78.90 79.50 78.39 77.50 80.06 
9029 79.95 78.90 7B.65 77.80 77.35 
9030 79.77 79.95 79.30 78.68 80.34 
\lean absolule 
!If'I'rentage error 1.59 2.16 2.98 I.B4 
~ ~uared error 1.91 3.33 6.08 2,43 
'!be fll'St lwo digits rep['!'S{'nt year. the \a.~t t'l\'O indicate lft'ek 
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1.0. Theil, H. 1966. Applied economic forecasting. 
Amsterdam: New Holland Publishing Co. 

1.1.. U.S. Department" of 
statistics, Agricultural 
issues, 1966-1.989. 

Agriculture. Cotton price 
marketing service, Annual 

Table 2. One-step-abead out-of-sample forecasts of U.s. monthly spot 
collon ~rices lIith different forecasting technigues. 

Prices (centsLlb.) from 
Actual Random Exponent. Mming AMl\ 

Period Walk smoothing average model 
B808' 55.20 57..10 57.10 59.89 56.38 
8809 51.25 55.20 56.30 59.15 5t51 
8810 52.20 51.25 53.7B 51106 48.90 
8811 53.40 52.20 52.99 56.H 50.25 
8812 5"-80 53.10 53.19 53.39 53.65 
8901 55.67 54.BO 54.00 54.01 51.65 
8902 55.37 55.67 54.B3 53.75 55.82 
8903 57.59 55.37 55.1 0 53.78 55.92 
8904 6U3 57.59 56.35 51.81 59.76 
8905 63.70 6U3 58.89 56.3B 62.16 
8906 64.06 63.70 61.29 58.09 64.89 
8907 67.39 61.06 62.68 59.61 65.11 
8908 69.88 67.39 G5.03 61.59 68.56 
8909 6BA6 69.B8 67A6 61.01 69.62 
8910 69AO 6BA6 67.96 65.B2 67.52 
8911 68.33 69AO 68.68 67.15 69.10 
8912 63.56 68.33 68.50 67.92 67.03 
9001 62.21 63.56 66.03 67.84 63.59 
9002 64.95 62.21 64.12 66.97 62.81 
9003 6B.06 64.95 64.54 66.15 66.57 
9004 71.31 68.06 66.30 66.09 68.94 
9005 71.61 71.31 68.80 66.40 72.74 
9006 77.06 74.61 71.71 67.45 75.47 
9007 79.53 77.06 74.38 69.70 76.97 
9008 76.02 79.53 76.96 72.59 79.99 
9009 71.02 76.02 76.49 74.43 73.68 
Mean absolule 
percentage error 3.62 4.86 7.67 3.01 

Mean ~uared enur 7.10 13.36 31.38 4.57 
t'fhe firs!. two digits represent year, the last two indicate month. 

Table 3. One-slep-abead out-of-sample forecasts of U.s. quarterly spot 
cotton ~rices "ilh different forecasling technigues. 

Period 
8901' 
8902 
8903 
8904 
9001 
9002. 
9003 
Mea.n absolute 

Actual 

56.21 
63.06 
68.58 
67.10 
65.07 
68.11 
71.33 

Prices (centsLlb.) from 
Random E:'lponent. Mming 

Walk smoothing 
53.'17 53.17 
56.21 54.B4 
63.06 58.95 
68.5B 63.77 
67.10 65.43 
65.07 
6B.l1 

65.25 
66.68 

average 
60.97 
58.10 
57,98 
59.57 
60.51 
62.25 
64.69 

AR 
model 

52.15 
5B.93 
68.38 
69.78 
67.76 
62.72 
66,49 

percentage error 5.12 6.92 9.78 5.22 
Mean ~uared enur 15.83 29.B4 45.0B 14.35 
*The first two digits represent year, the last two indimte quarter. 



Table 4. Four-st£'p-ah£'ad out -of-sample fOll'Ca~ts of U.s weekly Table 6. Two-step-ahead out-of-sample forecasts of u.s. quarterly 
s~t cotton ~ri('f'S "it h diffrrent forecasting technigues. sl2Qt cotton I!rice "ith different forecasting technigues. 

Prices (eentsilb.! from Prices (centsLIb.) from 
Adual Random Exponent. ARIMA Actual Random Exponent. AR 

Period Walk smoothing model Period Walk smoothing model 
8951' 63.02 67012 68.37 66.30 8902' 63.06 53.47 55.76 53.74 
8952 61.92 61.93 66.65 63..17 8903 68.58 56.21 55.98 62.87 
9001 63.21 63.07 64.86 62.79 8904 67.10 63.06 59.52 69.57 
9002 61.92 63.22 64.04 64.01 9001 65.07 68.58 64.05 71.20 
9003 62.12 53.02 63.53 63.00 9002 68.11 67.10 65.58 66.21 
9004 61.74 64.92 64.22 65.63 9003 71.33 65.07 65.32 59.53 9005 62-"'0 63.21 63.72 63.11 

Mean absolute 
9006 63.28 61.92 62.02 61.98 

percen tage error 11.72 11.83 12.20 9007 65.19 62.42 62.62 62.17 
9000 65.25 51.74 62.18 60.85 

Mean ~uared error 52.31 52.17 51.00 

9009 66.15 62-"'0 62.29 61.41 • The first two digits represent year, the last two indicate quarter. 

9010 60.26 63.28 62.79 61.93 
9011 68.40 65.-19 64.14 65.98 
9012 67.1l5 66.25 65.19 66.70 
9013 68.:):1 66.15 65.67 66.98 Table 7. Adapti~ multiple-step-ahead out -of-sample forecasts of u.s. 
901·1 70.71l 68.26 66.97 70.07 weekly ~t cotton I!rices. 
9015 70.92 60.40 67.68 69..17 Prices (centsilb.) from 
90W 70.69 67.85 67.77 69.05 Period Actual Random Walk ARIMA mod 
9017 72.56 68.53 68.15 69.50 8948' 64.93 67,42 66,40 
9018 72.31 70.78 69,46 72.H 8949 63.07 67,42 65.84 
9019 72.63 70.92 70.19 71.80 8950 63.22 67.42 65.59 
9020 73.65 70.69 7004-1 7U1 8951 63.02 67.42 66.15 
9021 76.131 72.56 71.50 73.713 8952 64.92 63.02 62.80 
9022 713.73 72.34 71.92 72.54 9001 63.21 63.02 62.29 
9023 77.36 i2.G3 72.28 73.31 9002 61.92 63.02 61.91 
9024 75.55 73.65 12.96 73.91 9003 62.42 63.02 61.32 
9025 77.30 76.Bl 74.89 76.97 9004 61.74 62.42 62.85 
9026 77.77 78.73 76.81 78.68 9005 62.40 62,42 63.11 
9027 79.50 77.313 71.09 76.00 9006 63.28 62.42 63.87 
9028 78.90 75.55 76.32 7 ·1.09 9007 65.49 62.-i2 63.00 
9029 79.95 77.30 76.81 76.93 9008 66.25 65.49 65.50 
9030 79.77 77.77 77.29 77.49 9009 66.15 65.49 66.25 
Me-all absolute 9010 68.26 65,49 66.12 
pcrccnta"oc error 3.63 -1.38 3.48 9011 68.40 65.49 66,41 

Me-an ~uami error 8.85 lL60 8.95 9012 67.85 68.4.0 68.65 
"Th .. fir.-t two digit;; rt'prrs<>nt year. the last hro indicat .. week 9013 68.53 68AO 69,46 

9014 70.78 68AO 69.97 
9015 70.92 68AO 70.11 

Table 5. Three-step-ahead out-of-sample forecasts of U.S-monthly 90t6 70.69 70.92 71.45 

SPOt cotton Erice with different forecasting techni!l!!!'S. 9017 72.56 70.92 71.83 

Prices (centsLth\ from 9018 72.34 70.92 72.03 

Actual P.andom E.~nenl .00[.\ 9019 72.63 70.92 71.73 

Period Walk smoothing model 9020 73.65 72.36 73.38 

8810' 52.20 57AO 59.S0 54.75 9021 76.81 72.36 73.96 

8811 53.-I\) 55.20 57.50 50.50 9022 78.73 72.36 73.3\} 

8812 5-1.80 51.25 5t.38 45.02 9023 77.36 72.36 73.47 

8901 55.67 52.20 53.29 49.13 9024 75.55 77.36 77.18 

8902 55.37 53. to 53.34 53.46 9025 77.30 77.36 77.38 

8903 57.59 5-1.80 54.07 55.19 9026 77.77 77.36 77.31 

800t 61.43 55.67 54.87 57.89 9027 70.50 77.36 77.16 

8905 63.70 55.37 55.12 57.16 9028 78.90 79.50 77.59 

13906 64.06 57.59 56.36 60.36 9029 79.95 79.50 77.45 

8907 67.39 61.43 58.80 64.09 9030 79.77 70.50 77.96 

8906 69.68 63.70 61.30 66.61 Mean absolute 

8009 68.46 6-1.06 62.68 64.61 percentage error 2.63 2.14 

8910 69010 67.39 65.03 67.20 Mean ~ared error 6.02 3.61 

6911 68.33 69.88 67.46 68.73 'The ru-st two digits represent year, the last two indicate week 

6912 63.56 66.46 67.96 65.62 
9001 62.21 69.40 6B.68 69.50 
90Q2 6".05 68.33 66.50 69.18 
9003 68.06 63.56 66.03 65.34 
9004 71.31 62.21 6U2 63.90 

~ ~ ~ 9005 74.61 64.95 64.54 67.71 
9006 77.06 68.06 66.30 70.02 
9007 79.53 71.31 68.80 72.56 
900B 76.02 74.61 71.71 74.54 
9009 71.02 77.06 74.38 75.33 
hn absolute 
pereentage error 11.13 12.13 9.37 

Mean SQUal'{'d error 32.54 010.17 2".09 
"The fll'St hro digits J"epre;ent year, the last two indicate month. 
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