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by
John Ginzel, Kevin Kesecker, Roger Schneider, and Everett Stoddard

Introduction

A number of public and private entities have a need to monitor or to perform market surve
lance to reduce undesirable impacts upon firms, sectors, or society as a whole. Public e
tory agencies have a legal obligation to perform market surveillance whereas private entig
have a need to monitor individuals’ conduct to prevent behavior that could have undesir: b
impacts upon the firm. A number of examples of breakdowns can be pointed out; such : S,
savings and loan industry problems. These problems could be seen as a breakdown of e f
tive market surveillance and regulation both from the perspective of some individual firg

and from the public regulatory agencies with the responsibility to regulate this industry.

Market surveillance is a multifaceted problem which can be approached at several diffef
levels. One of the initial problems encountered at the first level of market surveillance is
need for a systematic procedure to distinguish "regular” from "irregular" market behavior
The procedure(s) used to identify irregular market conditions should be timely, low cosf
and efficient. We describe the development of a systematic method to identify regular and
regular behavior in selected fed cattle markets. The approach merges time series model
with traditional quality control techniques [1]. 4

Structural changes in the cattle industry have resulted in increased packer concentration af
raises the possibility of manipulation in the cash markets and, therefore, the need to identi
regular market behavior. Buyers may move reported prices in their favor at times by selé
tive price reporting, misreporting, or using supply and demand conditions to alter price lew
and reported prices. While this paper uses the fed cattle markets as an example, the metho
ogy could be applied to any set of related markets.

Quality control methods are most frequently associated with monitoring repetitive mafl
turing processes. The application monitors a process to see if the output of the manufactuni
process is falling within some acceptable standard of quality, as specified by the user. =
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Everett Stoddard , deceased, was an economist with the Industry Analysis Staff, Packers
Stockyards Administration, USDA. :
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outside of these standards indicate that the process is out of control and action
taken to identify and correct the causes. Quality control methods are used to indi-
ective actions are required based upon user-established performance standards.

1, selected fed cattle prices, expressed as price ratios, are filtered through time series
remove the systematic patterns to allow for the analysis of the generated residuals.
r the amount of systematic patterns within the price ratio series explained by the
e smaller the unexplained residual remaining. Standard quality control methods
nirol-chart procedures are applied to the generated residual series to determine if the
in a state of statistical control. Monitoring the price ratios within a time series model
‘amethodology to quickly compare price relationships between the cash cattle markets
tify any irregular price behavior among the cattle markets.

observations were selected for the surveillance activities. Daily cash prices were re-

because they require too many resources, presented problems for handling 2- or 3-
week markets and had trading day differences. Monthly, quarterly, or annual

ations were also rejected because they were too infrequent and irregular price variations

ely masked due to the averaging process. Weekly observations provide sufficient detail
regular price behavior to be identified by the surveillance activities.

kly average prices for Choice Steers ¥/ » 900 to 1000 pound Yield Grade 2-4 published in the
vestock, Meat, and Wool Market News [6] were assembled from January 4, 1974 through
mber 30, 1988. Texas, California, Colorado, Nebraska, and Iowa were selected for the

opment phase of this project so that each major fed cattle produci;on area was represented.
total data set contains 783 weekly observations for each market.

reckly cattle prices appear to follow an irregular seasonal pattern (Figure 1). No regular sea-
dnal price patterns were identified that could be modeled. Prices held in the upper-$30’s per
lundred weight to low-$50’s from 1974 through 1977. Prices trended sharply higher during
978 to peak near $80 in early 1979. After peak levels in early 1979, Choice steer prices fluc-
ted in a fairly broad band of the low-$60's to low-$70’s, except for a brief period in 1985.

e prices for the five markets were highly correlated (Figure 2). The lowest correlation co-
clent between any of the markets was 0.9868 for the Iowa and California cattle markets.

le Figure 2 demonstrates that price changes and price movements between the five markets
ere very similar, closer examination shows that differences do exist. For example, from Octo-
ber 31, 1980 through March 27, 1981 , the California cattle market prices were consistently
&reater than the other four markets; California prices exceeded the Texas, Colorado, Nebraska,
and the Iowa markets on the average by $2.66, $3.86, $4.93, and $5.29 per hundred weight,

'5-]', California, Texas, and Colorado are direct markets, and Omaha, Nebraska and Sioux City,
= Iowaare terminal markets. The direct markets typically are quoted with a 4 percent shrink from
feedlot weight, whereas terminal market price quotes are for actual scale weights.

. 2 g ;
- Afew weekly observations were unquoted and values were estimated based upon price
. relationships among markets before and after unquoted weeks.
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Figure 1: Weekly Live Cash Cattle Prices - 900/1000
1974 - 1988, $/cwt '
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respectively. For the entire period, these differences averaged $0.14 for Texas, $0.55 for Colo-
rado, $1.47 for Nebraska, and $1.25 for Iowa. '

The direct surveillance of nominal cash cattle prices for an individual market was not seen as a
good alternative. Nominal prices for an individual cash market can be modeled and the residuals
of the actual prices from the forecasted prices can be analyzed for irregular price behavior using

a statistical control chart procedure. But, there is no direct linkage to compare that individual
market price to other cattle markets. Whereas, a modeling approach which uses a price ratio, di-
rectly links comparisons between:the two market prices used by the ratio.

I Price Ratio

Aratio of an individual market’s price to some reference price series provides a mecha-

_ nism for comparing that market’s price relative to the reference price. Rather than select-
| ing a major market as the reference series, an unweighted simple average of 5 major
markets prices was used. Given that the price levels and price movements were highly corre- &
lated among the markets, a price ratio provided a quick, simple way of analyzing each individ- =
ual market’s price behavior in relation to what was happening in the other markets represented
by the reference series.

A price ratio for a market equal to 1.0 means the market price is the same as the reference price.
The Texas market’s price ratio deviated around 1.0 before 1979, but after 1979 the price ratio
has generally been greater than 1.0 (Figure 3). Before 1983, Colorado’s price ratio deviated
around 1.0 but after 1983, the ratio has generally been above 1.0. Nebraska’s price ratio gener-
ally was less than 1.0 for the entire period. The Iowa market’s price ratio also was generally
less than 1.0, but the price ratio shows a number of high peaks. California’s price ratio shows
the greatest variation among the five markets. From 1974 to 1982, California’s price ratio
was generally greater than 1.0, but since 1982 the price has deviated more closely around 1.0.

Adapting a Statistical Control Procedure for Market Surveillance

In this market surveillance example, identifying the presence of irregular price behavior
quickly was desirable so that further follow-up investigations could be started in a timely fash-
ion. A state of statistical control was identified with a random process: a process that gener-
ates independent and random observations. Departures from a state of statistical control

were typically reflected in extreme individual observations (outliers) or aberrant sequences of
observations (runs above or below a level or runs up and down) [8,9].

Departures from a state of statistical control are usually identified by plotting and viewing
control charts. In practice, to identify a state of statistical control or departures from one is dif-
ficult due to the presence of systematic nonrandom patterns. The presence of systematic nonran-
dom patterns throughout the data makes it hard to distinguish between nonrandom causes
(common or assignable causes) or other departures from statistical control (special causes).
Special causes, a term suggested by Deming [5], refers to a random departure from statistical
control which may be explained by some specific local conditions such as weather, mud on
cattle, labor problems, price manipulation, or other causes.

Systematic nonrandom patterns or assignable causes in an economic time series are such things
as trends, cycles and seasonal components. The plot of the weekly cattle price ratios of the
five markets to the reference price series illustrates the presence of systematic nonrandom pat-
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terns which are clearly not independent nor random. The application of standard control-
chart procedures to the unfiltered ratio series can be seriously misleading if used to identify irreg-
ular price behavior.

Different forms of time-series models were tested as filtering mechanisms to remove system-
atic nonrandom patterns from the price ratio series. The autoregressive-integrated-moving-
average (ARIMA) class of time series models fits a wide variety of data series and can -
provide accurate short-term forecasts. These models make forecasts based on past perfor-
mance of data series and are of greatest use when the factors which effect the cattle price ratio
series are expected to behave in the future much the same way as the past [2,4,7]. In the short
term, this is often a reasonable assumption.

Models were estimated for each of the selected cattle markets to remove the systematic nonran-

- dom components present in the fed cattle price series. The best fitting models estimated were

ARIMA(2,0,0) models. The ARIMA time series models are designed for stationary time series
[2,4,7]. Weak stationarity of a time series is achieved when the means, variances and covari-
ances remain constant over time. By making a ratio of the cattle price data, the series appears
to meet the conditions of weak stationarity. This can be observed by viewing the plot of the
ratio series, Figure 3. By fitting the price ratios with the ARIMA model, the series was decom-
posed into random and nonrandom components. .

A sliding 5-year sample period was used to allow the parameter estimates of the models to re-
flect the most recent data. This results in 260-262 observations per 5-year period used to es-
timate each model. Models could have been developed across the entire time series. However,
after comparing the estimates using a sliding 5-year period with the estimates for the entire
period, the 5-year sample period was selected due to the stability of the coefficients. In addi-
tion, the adoption of the sliding 5-year sample period eases the task for adding markets.

The Texas market is presented for illustrative purposes for each 5-year period, starting with
the 1974-1978 time period (Table 1). The coefficients of the models have been fairly stable

- over the 14 year period using 5-year intervals. The standard deviations show the total varia-

tion in the 5-year ratio series while the standard error of the projection indicates the random
variation or the variation of the residual series after the model has been fitted. The latter statis-
tic shows the amount of variation that is explained by the models. The other models had similar
results.

Detection of Irregular Price Behavior

Once the time-series models were properly fitted to the data, the residuals that were left
should be randomly distributed around a mean of 0. The practical emphasis then shifted to
analyzing the residuals. In other words, the systematic nonrandom patterns (common causes)
were modeled and what was left was the unexplained, random residuals (special causes). The
residual series were then examined for departures from a state of statistical control.

In our example, quality control techniques were used to identify irregular price behavior. A
standard control chart for residuals was used in traditional ways to detect special causes,
without the risk of confounding special causes with common causes.

Since a 5-year sliding sample was used in modeling, the residuals were generated by using
the most recent 5-year period to estimate the model coefficients and then these estimates
were used to estimate the predicted price ratio. The residual was calculated by subtracting the
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actual observed price ratio from the predicted. At the end ofa calendar year, the most distant
year was dropped and the most recent year was added and the model was re-estimated for the
next year.

Control charts of the residuals for the five fed cattle markets are shown in Figure 4. We set |
control limits on the chart as plus or minus 1.5 and 2 times the standard error from the model and
referred to them as tolerance and action limits, respectively. Residuals outside these limits '
could be used to signal if the process was out of control or irregular and further follow-up
investigation was warranted. 95 percent of the residuals are expected to be within plus or
minus 2 times the standard error if the residuals are normally distributed with a mean of zero.
Therefore, 5 percent of the residuals may fall outside the action limits by chance.

Control limits change each year due to the re-estimation of the model. The control limits have
been set based on the total number of outliers. These limits can be increased or decreased
based on the surveillance personnel’s experience and the amount of resources that could be de-
voted to surveillance activities.

A list by date of the observations which fall outside of the plus or minus 1.5 standard deviation

limits for the Texas cattle market from 1979 through 1988 is given in Table 2. Out of a total of
522 observations, 56 fell outside the tolerance limits and 22 fell outside the action limits. -

Identification of Runs in the Residual Series

One of the crucial assumptions concerning the residuals in a regression framework is that they
are randomly distributed. If systematic patterns exist within the residuals, they may not be de-
tected by analyzing the residuals for single weekly observations using statistical control chart
procedures. A runs test has been developed for testing the randomness assumption.

The runs test applied to the nominal weekly cash price series suggests the process was nearly
continually out of control, with frequent positive or negative runs. Therefore, the runs test is
applied to the residuals series, instead. The probability of getting 6 consecutive positive or nega-
tive values is 3.125 percent. A’ run of 6 consecutive points has been selected as the vajue
where further follow up actions should be initiated to examine the nature of the run of residu-
als. The control chart plot for Texas reveals a number of intervals for which run counts would
Suggest some suspicion of lack of control. Since the residuals are expected to be randomly
distributed around the mean of zero, a process with a number of consecutive positive or nega-
tive residuals, a downward or upward trend, or a cyclical pattern is an indication of the lack of
stability or control. A number of tests could be devised to test the randomness of the distribu-
tion of the residuals. [ 10]

Examining the pattern of the residuals for the Texas market, 10 positive runs of 6 or more con-
secutive weeks were found. Two of the runs had 9 positive values, one had 8 values, three had
7 values, and four had 6 values. Most of the runs occurred in 1979 through 1982. There have
been no significant runs in the Texas market over the most recent 3 years (1986-1988). -

Another form of the runs test is being investigated which may be a stronger test than the runs
test for the fed cattle example. This statistic is intended to highlight unusual trends in the
residuals where residuals are accumulated and the larger residuals receive more weight. This
technique is commonly called the cumulative sum (CUSUM) chart [3]. The CUSUM chart is
in reality a type of sequential analysis, since it relies upon past data for monitoring statistical
control.
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| é 4: Control Limits for Weekly Cattle Prices
- | A 1974 - 1988
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The test statistic takes the following form:

4
C=Y (WSR 4~ WASR 4

i=1
where

C = Test Statistic
WSR4 = 4 Week Sum of Residuals
WASR4 = Average of 4 week Sum of Residuals
i=week 1to4

The control limits, based on 1.5 and 2.0 times the standard error (assuming independent, nor-
mally distributed random observations) were applied to the Texas cattle market (Figure 5.)
The upper and lower limits show the total amount of drifting from zero, as the last term
(WASR4) is close to zero. But, the calculation of the variance is actually more complex due
to the violation of the assumption of independence between observations. It is also important to
know how long it takes to reach such a limit. Further investigation is needed to develop tech-
niques that use a V-shaped mask to make a test after each new observation arises [3].

Areas for Further Investigation

Market surveillance activities could be improved by extending the surveillance coverage to addi-
tional related markets within the cattle subsector such as wholesale beef, retail beef, feeder
cattle, live cattle futures, and option markets.

Various time-series models such as the Kalman filter should be explored to see if further im-
provements could be made to the models that are used to filter the systematic nonrandom pat-
terns.

Further investigation is needed to develop the cumulative sum chart (CUSUM) for evaluating
runs and trends within the residuals.

Once in‘egulai' price behavior is identified, further research is needed to develop techniques
to explain and quantify these causes. ' :

Conclusions

This paper investigates tools and techniques to aid in surveillance of livestock and meat
markets using cash fed cattle markets as an illustration. An initial level of market -surveillance,
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the ability to distinguish “regular” from "irregular" market behavior in a systematic, timely, efj
cient, and low cost manner was investigated by adapting statistical control chart method.
ology. Weekly Choice steer prices from January 4, 1974 through December 30, 1988 were
collected in five selected markets. Control chart procedures could not meaningfully be applied
directly to the nominal prices so a price ratio approach was developed with time series model-
ing approaches applied as a filtering device. ARIMA(2,0,0) models provided the best fitting
filtering device tested, and models were developed for 260-262 weeks per 5-year sliding sam-
pling periods to forecast the weeks one year outside the sample. Residuals were calculated by
subtracting the actual weekly price ratio from the model predicted price ratio. Standard statis-
tical control chart approaches were directly applied to the weekly residual series by markets
and assume that the residuals are independent, normally distributed with a mean of zero. The
ability to distinguish runs or trends in the weekly residuals using control chart approaches is a
more complex problem. The simple runs test for randomness and cumulative sum charts
(CUSUM) were two approaches used to identify trends, cycles, and patterns in the residual se-
ries.

Once "irregular" market behavior has been identified, either for individual weeks or for a span
of weeks, market analysis tools should be developed to explain and quantify the factors associ-
ated with these special causes.

REFERENCES

[1] Alwan, Layth C. and Roberts, Harry V., "Time Series Modeling for Statistical Process Con
trol," Journal of Business & Economic Statistics, January 1988, Vol. 6, No. 1, 87-95.
trol, Holden-Day, San Francisco, California, 1970.

[3] Burr, Irving W., Statistical Quality Control Methods, Marcel Dekker, Inc., New York,
New York, 1976.

[4] Cleary, James P. and Levenbach, Hans, The Professional Forecaster: The F, orecastirig Pro-
cess Through Data Analysis, Lifetime Learning Publications, Belmont, California, 1982.

B
=
£

[5] Deming, W. Edwards, Out of the Crisis, MIT Center for Advanced Engineering Study, Cam-
bridge, Massachusetts, 1982.

[6] Livestock, Meat and Wool Market News, Weekly Summary and S:atistics, Agricultural
Marketing Service, U.S. Department of Agriculture, Washington, D.C.

[7] Nelson, Charles R., Applied Time Series Analysis for Managerial Forecasting, Holden-
Day, Inc., San Francisco, California, 1973.

[8] Ryan, Thomas P., Swaristical Methods for Quality Improvement, John Wiley & Sons, Inc.,
New York, New Yoik, 1989.

[9] Shewhart, W. A., Economic Control of Quality of Manufactured, D. Van Nostrand Com-
pany, Inc., New York, New York, 1931.

and Economics, John Wiley & Sons, Inc., New York, New York, 1972.



