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1. The Commander, Military Traffic Management Command (MTI4C), requested that
the U.S. Army Concepts Analysis Agency (CAA) provide assistance in
implementing a surface cargo forecasting system at MTMC and provide an FY 86
forecast of surface cargo requirements.

2. This report describes the FY 86 forecast, the methodology used to obtain
the forecast, and the computer software which CAA transferred to MTMC to
assist in implementing an over-ocean cargo forecasting capability.

E. B. VANDIVER III
Director
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S. s TRANSPORTATION WORKLOAD FORECASTING STUDY

L'CAA STUDY - IMPLEMENTATION SUMMARY
SIo (TWFS-I) CAA-SR-85-11

-THE REASONS FOR PERFORMING THIS STUDY were: -

>(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods. -

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize
either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in implementing
a forecast system using the Winters and the Box-Jenkins methods of fore-
casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).

V



THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo
requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to

produce the FY 87 forecast.

THE BASIC APPROACHES were:

(1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts

using the root mean square error criterion, and retain the route forecast
which had the smaller discrepancies between observed values and those
predicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks.

THE STUDY SPONSOR was the Commander, Military Traffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland

20814-2797.

Tear-out copies of this synopsis are at back cover.

vi



CAA-SR-85-11

CONTENTS

CHAPTER Page

1 INTRODUCTION ....................................... 1-1

Introduction ....................................... 1-1
Background .............................................................. 1-1
Purpose and Scope .................................. 1-1
Objectives ......................................... 1-2
Limitations ........................................ 1-2
Essential Elements of Analysis (EEA) ............... 1-2
Study Tasks ........................................ 1-2
Study Methodology .................................. 1-3
Study Products and Guide to the Remainder

of the Report .................................... 1-5

WINTERS MODEL ...................................... 2-1

Background . . . . . . . . . . . . . . . . . . . .. 2-1

Example ............................................ 2-1
General Form ........................................................... 2-2
Specific Form ........................ .............. 2-3
Parameters ......................... ................ 2-3
Initialization ..................................... 2-4
Smoothing Constants ................................................. 2-6
Numerical Computations ............................. 2-7

3 THE BOX-JENKINS FORECAST METHOD WITH AN EXAMPLE .... 3-1

Box-Jenkins Modeling Approach ...................... 3-1
Application of Box-Jenkins Methodology to

the Present Study ................................ 3-4
The Stages of Analysis ............................. 3-5

4 POSTPRODUCTION ANALYSIS ............................ 4-1

Introduction ....................................... 4-1
The Results ......................................... 4-2
Discussion of the Results .......................... 4-7

Evaluation of the Methods ........................ 4-7
Evaluation of the Criteria ....................... 4-11
Evaluation of the Total System ................... 4-12

Additional Findings Based on the Data .............. 4-13
Conclusions, Contributions, and

Extensions ....................................... 4-14

5 SATISFACTION OF THE ESSENTIAL ELEMENTS OF
ANALYSIS (EEA) ................................... 5-1

vii



CAA-SR-85-11

CHAPTER Page

6 FINDINGS ........................................... 6-1

Project Implementation ............................. 6-1
Forecasting Quality Assurance ....................... 6-1
Recommended Actions ................................ 6-1

APPENDIX

A Study Contributors ................................. A-i
B Study Directive .................................... B-i
C Bibliography ....................................... C-1
D Data Base .......................................... D-1
E Data Base Software .......................... E-I
F Winters Forecasts .................................. F-1
G Winters Software ................................... G-1
H Box-Jenkins Forecasts .............................. H-1
I Box-Jenkins Software ............................... I-1
J Integration Software ................................ J-1
K Methodology Transfer ............................... K-1
L Sponsor's Comments ................................. L-1
M Distribution List ................................. M-I

GLOSSARY .............. ........................... Glossary-1

STUDY SUMMARY (tear-out copies)

FIGURES

FIGURE

I-i Study Methodology .................................. 1-3

2-1 General Cargo Forecast - Lift, FY 84 ............... 2-2
2-2 Rank-ordered Smoothing Constants ................... 2-7
2-3 Output of Initialization Phase ..................... 2-8
2-4 Output of Forecasting Phase ......................... 2-9

3-1 Box-Jenkins Modeling Approach ...................... 3-1
3-2 Observed and Forecasted Values Based on a

Box-Jenkins Model for the Final 12 Months of
a 7-Year Series .................................. 3-5

3-3 Histogram and Analysis of Variance on 84 Monthly
Observations in Thousands of Measurement Tons for
Commodity Chill, Breakbulk Mode from California
Coast to Hawaii .................................. 3-6

viii

I



CAA-SR-85-11

FIGURE Page

3-4 Three Months Moving Averages on 84 Monthly
Observations in Thousands of Measurement Tons
for Commodity Chill, Breakbulk Mode, from California
Coast to Hawaii ................................... 3-8

3-5 Autocorrelation Analysis of 84 Monthly Observations
in Thousands of Measurement Tons for Commodity
Chill, Breakbulk Mode, from California Coast
to Hawaii ......................................... 3-9

3-6 Partial Autocorrelation Analysis of 84 Monthly
Observations in Thousands of Measurement Tons for
Commodity Chill, Breakbulk Mode, from California
Coast to Hawaii ................................... 3-10

3-7 Identification and Diagnostic Statistics of Best
Box-Jenkins Model for Commodity Chill, Breakbulk
Mode, from California Coast to Hawaii ........... 3-12

3-8 Identification and Diagnostic Statistics of Overfit,
Box-Jenkins Model for Commodity Chill, Breakbulk
Mode, from California Coast to Hawaii ............ 3-13

3-9 Autocorrelation Analysis Based on the Residuals of
Best Box-Jenkins Model for Commodity Chill,
Breakbulk Mode, from California Coast to Hawaii 3-16

3-10 Autocorrelation Analysis Based on the Residuals of
Overfit Box-Jenkins Model for Commodity Chill,
Breakbulk Mode, from California Coast
to Hawaii ........................................ 3-17

3-11 Forecasts and Standard Errors of the Forecasts of
Best Box-Jenkins Model for Commodity Chill,
Breakbulk Mode, from California Coast
to Hawaii ......................................... 3-19

3-12 Forecasts and Standard Errors of the Forecasts of
Overfit Box-Jenkins Model for Commodity Chill,
Breakbulk Mode, from California Coast
to Hawaii ......................................... 3-19

4-1 Percent Error on FY 84 Backcasts ................... 4-12

E-1 IDENTITY ........................................... E-2
E-1 ROUTES ............................................. E-3
E- CREATE-TWFI/DATA-BASE1.................................E-4
E-4 CREATE-TWFI/DATA-BASE2 ............................. E-5
E-5 CREATE-TWFI/DATA-BASE3 ............................. E-7

F-i Route-commodity-mode Combinations .................. F-3
F-2 Manually Excluded Routes ........................... F-7
F-3 Manually Included Routes F-8
F-4 Winters Forecasts .................................. F-9

G-1 Winters Main Program ............................... G-2
G-2 Winters Subroutine ................................. G-8

ix

1 - : ' . ." .' ' - -' . ' - .' - " . -- c ; . 2 .. " -. .' . - - .' " - .- • -- -- • - ,. - - "



CAA-SR-85-11

FIGURE Page

I-1 N7BJII.EXPDFP........................................ 1-2
1-2 N7BJII.EXPMOD........................................ 1-4
1-3 N7BJII.REAO........................................... 1-8
1-4 N7BJ11I.MODP.......................................... I-11
1-5 N7BJIII.FORP.......................................... 1-14

J-1 Box-Jenkins RMS Routine............................... J-2
J-2 Box-Jenkins RMS Routine Output File.....................J-3
J-3 Forecast Merge Routine................................ J-6
J-4 Forecast Merge Routine Output......................... J-9

TABLES

TABLE

4-1 Comparative Statistics Between Box-Jenkins and
Winters Forecasts.................................. 4-3

4-2 Summary Results on Fit and Accuracy Between
Box-Jenkins and Winters Forecasts.....................4-5

4-3 Percentage Errors by Commodity..........................4-6
4-4 A Comparison of Forecasting Techniques on

Three Basic Criteria................................ 4-7

D-1 Data Format........................................... D-3
D-2 Commodity Frequencies................................. 0D-3
D-3 Rank-ordered Routes.................................. 0D-4
0-4 POE/POD Codes........................................ 0D-5

K-1 Tape Contents......................................... K-2

x



40 CAA-SR-85-11

TRANSPORTATION WORKLOAD FORECASTING STUDY - IMPLEMENTATION (TWFS-I)

CHAPTER 1

INTRODUCTION

1-1. INTRODUCTION. The Department of Defense transports approximately 7.5
million tons of cargo annually via the Defense Transportation System (DTS).
In excess of 50 percent of this cargo is generated by the Army. Planning
for and use of military and commercial shipping is dependent on the accurate
forecasting of measurement tons shipped per month by the Services.

1-2. BACKGROUND

a. Current forecasting procedures directed by Army Rguilation (AR) 55-30
of Army cargo and mail workload requirements prescribe iiput from 17 major
commands/agencies/activities worldwide. Transportation workload forecasts
are statements of worldwide peacetime cargo lift requirements which are
provided to the Military Sealift Command (MSC) and Military Airlift Command
(MAC) by the shipper services. They state requirements in measurement tons
by route, commodity, and program. These consolidated requirements are sub-
mitted by Headquarters, Department of the Army (HQDA) to MSC and MAC in
accordance with Joint Chiefs of Staff (JCS) Publication 15. MSC, Military
Traffic Management Command (MTMC), and MAC utilize this data to generate
their industrial fund budgets. History reveals significant variances in
forecasted surface requirements versus actual lift, which results in distorted
budgets by both the shipper service and MSC and MTMC.

b. The US Army Concepts Analysis Agency (CAA) conducted a study of the
current system (Transportation Workload Forecasting Study (TWFS), CAA-SR-84-2,
January 1984) and concluded that more accurate and efficient forecasting
could be achieved. Essential to improving forecasting was performing this
function at a single location and using the Box-Jenkins method or the Winters
Model as the principal tool. CAA agreed to provide assistance to implement
the forecasting system at the designated agency.

c. The Office of the Deputy Chief of Staff for Logistics (ODCSLOG)
directed that the Military Traffic Management Command (MTMC) perform the

over-ocean cargo forecasting for the Army. MTMC requested CAA to assist
them in their preparation of the FY 86 forecast due in March 1985.

1-3. PURPOSE AND SCOPE. This study developed the FY 86 long-range surface
cargo over-ocean forecasts and assisted MTMC in their implementation of a

* forecasting system. The project focused first on developing the FY 86 long-
range over-ocean surface cargo forecast and subsequently implemented a fore-
casting system using the Winters Model and the Box-Jenkins method at MTMC.
The forecasting methods are general in application, but air and ground cargo
forecasting are not considered in this application.

-- 1-1
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V. 1-4. OBJECTIVES. The study objectives were to:

a. Forecast 75 percent of the FY 86 over-ocean surface cargo lift require-
ment using the Box-Jenkins method and 98 percent using the Winters Model.

b. Assist MTMC in implemE ting a surface sealift cargo forecasting system
at MTMC to produce the FY 87 forecasts.

1-5. LIMITATIONS. The principal limitation to the forecasting method was
that certain route-commodity-mode groups have insufficient measurement tons
shipped per month to obtain useable forecasts.

1-6. ESSENTIAL ELEMENTS OF ANALYSIS (EEA). The elements of analysis were
keyed to producing a FY 86 forecast and transferring the method used to
produce that forecast to MTMC.

a. What over-ocean cargo lift requirements can be accurately predicted
by route between shipping areas, by commodity and by mode, given the avail-
able data?

b. What are the forecasts for over-ocean sealift requirements for FY 86
using the Winters Model and the Box-Jenkins method?

, c. What programs developed by CAA are required by MTMC to produce future
forecasts?

d. What statistical packages containing forecasting models or methods
are available for use for the computer facilities at MTMC?

e. What actions must MTMC accomplish to develop a system for the produc-
tion of future forecasts?
1-7. STUDY TASKS. To fulfill the study objectives and to answer the elements

of analysis, seven principal tasks were identified and were to be the basis
for the study methodology. These tasks were:

a. Obtain and evaluate cargo lift data from FY 78 to FY 84 to determine
its suitability to produce specific route forecasts.

b. Determine the number of route forecasts that can be produced prior
to 1 March 1985.

c. Produce, compare, and analyze forecasts of over-ocean cargo lift
requirements using the Box-Jenkins method and the Winters Model.

d. Deliver forecasts on magnetic tape in prescribed format to MTMC.

e. Provide a report to MTMC containing the FY 86 long-range forecast,
the forecast model parameters, the Winters Model program, and an audit trail
of the generation of the FY 86 long-range forecasts.

1-2
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f. Assist MTMC to implement an over-ocean cargo forecasting system.

g. Publish final report.

1-8. STUDY METHODOLOGY. The methodology used in the study is depicted in
Figure 1-1.

DATA PROCESSING FORECAST DEVELOPMENT REPORT GENERATION

MTMC
1978-84
DATA

SEVT PREPARE
D EVALUATE WINTERS FORECAST
DATA -BOX-JENKINS

FORECASTS

MANUL ; <= > , r -- s- FORECAST

E-TLE WINTERS B-J
MATES

REPORT

*ANALYZE &
COMPARE

*SELECT

B-J =BOX-JENKINS

Figure 1-1. Study Methodology
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a. Activities in the evaluation of cargo lift data consisted of the
following:

(1) Obtained 1978-1984 cargo data from MTMC/MSC files.

(2) Sorted data by route, commodity, mode, and month.

(3) Examined data for forecasting suitability.

(4) Identified alternative methodologies for those routes-commodities-
modes not suitable for Box-Jenkins/Winters methods. Last year actual move-
ments were used in most instances.

b. Activities in determining the number of route forecasts possible
included the following:

(1) Prioritized routes to be forecast by total tonnage.

(2) Identified routes-commodities-modes that could be forecast by 1
March 1985.

(3) Coordinated forecast responsibilities with MTMC.

c. Activities in producing and comparing forecasts included the following:

(1) Produced Winters forecasts.

(2) Produced Box-Jenkins forecasts.

(3) Compared both forecasts to each other and to historic data.

(4) Selected forecast for each route.

d. Activities in producing and delivering forecasts included the following:

(1) Produced copies of completed forecasts weekly.

(2) Produced computer tape containing FY 86 forecast in AR 55-23 format
and delivered forecast to MTMC.

e. Activities in assisting MTMC to implement an over-ocean forecasting
system were as follows:

(1) Provided MTMC computer analyst with data processing requirements.

(2) Provided MTMC statistician/analyst with Box-Jenkins and Winters
forecasting processes.

(3) Identified and transferred data processing routines and Winters
program to MTMC.

1-4
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(4) Assisted in testing of Winters Model and data processing routines
at MTMC.

(5) Identified sources of statistical packages containing Box-Jenkins
method for MTMC computers.

(6) Assisted MTMC in reproduction of FY 1986 forecast at MTMC.

1-9. STUDY PRODUCTS AND GUIDE TO THE REMAINDER OF THE REPORT. The TWFS-I
Study produced four study products: (1) the FY 86 surface cargo forecast,
(2) an audit trail of the method used to produce the FY 86 forecast, (3)
this study report, and (4) consulting as required by MTMC to establish a
forecasting capability.

a. The FY 86 forecast delivered 25 March 1985, contained 562 individual
route forecasts. Of these, 42 routes were Box-Jenkins forecasts and 462
were Winters forecasts. The remaining 58 routes used MTMC-provided forecasts.
The Box-Jenkins route forecasts are shown in Appendix H. The Winters fore-
casts are shown in Appendix F. Chapter 4 contains the results of the fore-
casts and postproduction analysis completed to provide a quality assurance
check of the forecast provided to MTMC.

b. An audit trail of the method used to produce the forecasts was pro-
vided to MTMC. This audit trail contained data base software, forecasting
software, and integration software. The data base software and data bench-
marks for that software are shown in Appendix E. The forecasting software
and the data benchmarks are shown in Appendix I for the Box-Jenkins method,
and in Appendix G for the Winters Model. The integration software selected
each route forecast included in the FY 86 cargo forecast. The integration
software and data benchmarks are shown in Appendix J.

c. Chapter 2 provides an illustrative Winters forecast, and Chapter 3
presents an illustrative Box-Jenkins forecast. Chapter 5 addresses the
essential elements of analysis, while Chapter 6 presents study findings.

1-5
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CHAPTER 2

WINTERS MODEL

2-1. BACKGROUND. The purpose of this chapter is to describe the Winters
Model as a method of. producing forecasts from time series data. Histor-
ically, the fitting of systematic functions to observations has typically
relied on least-squares criteria in which all the observations are given
equal weight. However, it is often the case, when data is being observed
as a function of time, that more weight should be given to the recent past,
and that observations taken a long time ago should be discounted in compar-
ison. In 1957, C. C. Holt published a paper entitled "Forecasting Seasonals
and Trends by Exponentially-weighted Moving Averages." The procedure pro-
posed therein addressed development of a set of weights proportional to
powers of a parametero , where 0 was defined to be greater than zero but
less than unity. Thus, the set of weights were 1,0 , 02, etc. Constraints
were imposed whereby the sum of the weights must equal unity and 1 must
serve to minimize the mean square error. Holt ultimately considered two
parameters, the import of the second being to account for a trend in the
data. In 1960, P. R. Winters extended Holt's method to cover seasonal
effects. Thus, the model for which he is responsible is a three-parameter
model.

2-2. EXAMPLE. The Winters Model owes its development primarily to the
fact that there are many time series that cannot be adequately modeled by a
polynomial. Time series with cyclical or seasonal variations fall into
this category. For example, at least a cubic equation (which has a single
point of inflection between regions of upward and downward concavity) is
required to capture the cyclical pattern of periodic data. Furthermore,
from an applications viewpoint, many industrial time series exhibit seasonal
behavior. The quantities of many of the commodities shipped around the
world by the Army exhibit seasonality in their time series. For example,
Figure 2-1 shows the Winters forecast for FY 84 corresponding to commodi-
ties falling under the Army's general cargo classification. The forecast
was developed by applying Winters' method to 5 years of data (FY 79 through
FY 83). Note that the shape of the forecast for FY 84 corresponds closely
to the profile of actual cargo shipments for that timeframe. A great deal
of activity takes place during the spring and summer months, while fewer
shipments are made during the fall and winter. The separation between the
two curves is due to an abrupt increase in the amount of general cargo
shipped by the Army during FY 84. The overall high level of general cargo
shipments witnessed during FY 84 did not take place during the 5 preceding
years, but the upward trend will be captured by the Winters Model when

mforecasts are developed for years subsequent to FY 84.

2-1
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EfAST COST TO EUROPE
MODE OF SHIPMENT, CONTAINER
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Figure 2-1. General Cargo Forecast - Lift, FY 84

2-3. GENERAL FORM. The general form of the Winters Model expresses an

observation xt at time t as:

xt = (al + b2t)ct + et (2-1)

The three parameters of the model are al, b2, and ct, while the term et is
taken to represent the usual random error component. The parameter aI is
called the permanent component and is analogous to a y-intercept. Similarly,
the parameter b2, or trend factor, corresponds to the slope of a simple
linear equation. The third parameter, ct, represents a set of seasonal
factors for each cycle. The seasonal factors induce fluctuations above and
below the line segments that are fitted to each cycle. The Winters Model,
as described herein, is a multiplicative seasonal model, so named because
the seasonal parameter ct is applied multiplicatively, not additively.
Multiplicative seasonal models are most appropriate for time series in which
the amplitude (or excursion) of the seasonal pattern is proportional to the
average level of the series. This pattern was evident in the TWFS-I data.

.4. 2-2

..



CAA-SR-85-11

2-4. SPECIFIC FORM. The specific form of the Winters prediction equation
is:

X T+(T) - [a,(T) + 92(T)T],++,(T+ - L) (2-2)

where, conventionally, carats are used to denote estimates. The equation
gives the forecast at time T for an observation at time T +r . Quantities
in parentheses indicate the times of computation of the estimates. Thus,
in order to forecast period T +T-, the seasonal factor which was computed
one season (L periods) ago in period T + r - L must be used.

2-5. PARAMETERS. As mentioned earlier, the three parameters of the Winters
Model are the permanent component, the trend component, and the seasonal
factor. Estimates of these parameters for the period T are weighted and
combined with estimates from previous periods. The manner in which the
current estimate of a parameter is apportioned with respect to a previous
value is such that the mean square error is minimized over the entire time
series. Smoothing constants (or weights) are used to apportion present and
past estimates. For example, if the smallest mean square error were pro-
duced by a weight of 0.80 for the current estimate of a parameter and 0.20
for the previous estimate of the parameters, then this would mean simply
that the current estimate is four times as important in the parameter
updating process as the previous estimate.

a. Permanent Component. The estimate of the permanent component is
updated by:

a,(T)-a (T +( - a)[a,(T- 1) + 9,(T- 1)] (2-3)

where 0:5 a < 1. Note that the value of xT is divided by AT(T-L), which is
the estimate of the seasonal factor for period T computed one season (L
periods) ago. This is done in order to eliminate seasonal fluctuations
from XT, i.e., to deseasonalize the current observation. The deseason-
alized observation is then combined with the contribution of the permanent
component and trend for the previous period T-1. This shifts the origin of
time to the end of the current period. The adjustment for seasonality can
best be understood by considering the case when eT(T-L) is greater than 1.
This occurs when the value in period T-L is greater than average in its
seasonality. Dividing xT by this number greater than 1 gives a value that
is smaller than the original value by a percentage just equal to the amount
that the seasonality of period T-L was higher than the average. Of course,
the opposite adjustment occurs when the seasonality number is less than
unity. It should be noted that the reason for using the seasonal factor
from the previous season (L periods ago) is that the seasonal factor for
the current season cannot be computed until the permanent component itself
is calculated.

2-3
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b. Trend Component. The estimate of the trend component is updated by:

b2(T) - #[aI(T) - a(T- 1)] + (I - )b2(T- 1) (2-4)

where 0 0S 1. This equation is exactly as Holt's equation for smoothing

the trend. The estimate of the trend component is simply the smoothed dif-
ference between two successive estimates of the permanent component. The
procedure of determining the trend component is similar to evaluating the
slope of a line segment, where the end points of the line segment corre-
spond to the beginning and end of the period T.

c. Seasonal Factor. The estimate of the seasonal factor is updated by:

- -y +(1 - 1104T- L) (2-5)
a (T)

where 0 'Y 1. This equation specifies the seasonal index as the ratio
of the current value of the series, xT, to the current smoothed value for
the series, I(T). If xT is larger than 1(T), the ratio will be greater
than 1, while if it is smaller thanA l(T), the ratio will be less than 1.
It is important to understand that ai(T) is a smoothed average value of the
series that does not include seasonal ity. The values of xT, however, do
contain seasonality (as well as randomness). Notice that equation (2-5)
smooths (weights) the current observed seasonal variation (xT/al(T)) with
the estimate of the seasonal factor for period T computed L periods ago.
That was the last opportunity to observe this portion of the seasonal pattern.

2-6. INITIALIZATION. The previous section discussed the procedure for
updating the parameters (permanent component, trend, and seasonal factor),
given that initial values exist. Upon option, initial estimates of the
Winters Model parameters can be specified by the user. Alternatively,
several heuristic algorithms have been devised to initialize parameters
based on manipulation of historical data. The initialization procedure
described below is due to Montgomery and is similar to the one proposed by
Winters.

a. Trend Coqonent. Assuming that data are available for m seasons,
then compute the mean of all observations for the first and last of these
seasons. Denote the average observation for the jth season by xj,
j = 1,2,...,m. Estimate the trend in the same manner that would be used to

*compute a simple algebraic slope. Since there are m-1 seasons between sea-
son 1 and season m, and since there are L periods per season, then the ini-
tial estimate of the trend becomes:

m xO1 (2-6)
b2(0) (m _____

(- 1)L

i 2-4
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b. Permanent Component. For initialization purposes, it is assumed
that the average observation R1 for the first season occurs timewise at the
middle of the season. With this in m*nd, the permanent component can be
treated like a simple y-intercept. Writing the equation in slope-intercept
form gives:

aR1 O =  (0) + Ab2(0) (2-7)

Since all terms are known except for the permanent component, equation (2-7)
can be rewritten as:

A L AalCO) 7= b(0) (2-8)

c. Seasonal Factor. Since there are m seasons and L periods per season,
seasonal factors are computed initially for each of the mL periods. Each
factor is computed as the ratio of the actual observation to the average
seasonally adjusted value for that season, further adjusted by the trend.
The computation is:

A x tct  x t = 1,2,...mL (2-9)

i - ((L+1)/2 - j) 2(0)

where xi is the average for a season corresponding to the t index, and j is
the position of period t within the season. For example, if is t: L,
then i = 1, and if L + 1 5t t5 2L, then i = 2. Equation (2-9) produces m
estimates of the seasonal factor for each period. (In the TWF Study, m was
usually 5, and there were five estimates for each month of the year.) The m
estimates for each period (month) are averaged to produce a single estimate
of the seasonal factor for each period within the season.

m-1

.t = Ct+kL t = 1,2,...,L (2-10)

k=.

2-5
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Finally, the seasonal factors are normalized so that they sum to L (L : 12
in the study).

L
S(0) =c t =1,2,...L (2-11)
t t L

t=1

The above procedure produces estimates A1(01, b2(0), and ct(O) assuming

that the origin of time is immediately prior to period 1. The parameters
may then be updated by the technique described in paragraph 2-5 of this
report.

2-7. SMOOTHING CONSTANTS. Smoothing constants are necessary in order to
combine (weight) previous estimates of parameters with their updated values.
Numerical estimates of the permanent component, trend component, and seasonal
factor receive the weights a, f, and -y for the current interval T. These
weighted estimates are combined additively with complementary weighted
values (using 1-a, 1-0, and 1-y) for the previous time period or season, as
appropriate. All weights are varied incrementally so that the parameters
of the model ultimately provide the best fit according to some predetermined
criterion, i.e., mean square error. Unlike the formal method of least
squares, which uses partial derivatives to develop a set of simultaneous
linear equations (normal equations) that are solved through matrix inversion,
the Winters method is heuristic in nature. As such, the optimum set of
smoothing constants is determined by trial and error. The coefficients lie
in the interval (0,1). In order to keep computer time requirements modest,
a coarse grid is tried first. Values ofa, , and Y are stepped across the
unit interval in increments of 0.05 until all possible combinations of
smoothing constants have been examined. The set of (a,fl, -y) producing the
smallest mean square error is used in the program as the basis for a second,
fine-grained search. A step of 0.01 is used to search in a narrow interval
about the coarse estimates of (a,O 'Y) to yield refined values of the

* -* smoothing constants.

2-6
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2-8. NUMERICAL COMPUTATIONS. Having defined the specific form of the
Winters prediction equation and its associated parameters, numerical
computation can be more readily understood. The first output generated by
the Winters program are rank-ordered smoothing constants. Figure 2-2 shows
the 40 best triplets of smoothing constants for the example given as Figure
2-1. The criterion used is the residual sum of squares (root mean square
(RMS) error) for the 60 data points preceding the forecast of Figure 2-1.
Note that the smoothing constant triplet at the top of Figure 2-2 produces
the optimum fit, since it has the smallest RMS error associated with it.
Figure 2-3 presents the values of the Winters parameters (permanent
omponent, trend, and seasonal factor) up to the beginning of the forecast
interval. In addition to the raw observations, Figure 2-3 also includes
the fitted model values corresponding to the optimum smoothing constant
triplet. Figure 2-4 displays the output of the forecasting phase. For a
computational example, consider the forecast of 69,852.86 tons for month
72. Since the forecast lead time is 12 months, revert to the parameters
shown at the bottom of Figure 2-3 at month 60. Using equation 2-2 yields:

X72(60) = (75266.8066 - 3.2324 (12)) 0.9285

= 69,849.21 tons

which is very close to the Figure 2-4 number.

SMOOTHING CONSTANT OPTIMIZATION ROUTINE

ALPHA BETA GAMMA RESIDUAL SUM OF SQUARES

.0000 .7400 .0800 .445139010

.0000 .7500 00 .Do 4 SI s5Oi0

.0ooo .7100 .0100 .449117864010

.0000 .7500 .0100 .4 91184-0I10

.0000 .7400 .0200 .436824.010

.COoo 7500 .0200 .$368300

.0000 .71.00 .0300 .1.58201.1.Ol

.0000 .7508 .0300 .582O074010

.0000 4.0 .oq00 .6:267'010

.C00 .7500 .04 0 .1462683.810

.0100 .7:00 .O0co .586051401a

.0100 .7 .00 : 0cia .S8bS487 01o

.0100 .7oo .0200 .51716b13010

.0100 .7500 .oOO .58728674010

.0100 .7500 .0100 .Sf78761 .010

.0100 .7400 .0300 .S*79005010

.C100 .7500 .0200 .5865905*010

.0100 .74a0 .0100 .5887527 010

.0100 .7500 .0300 .5894165.010

.0100 .750 .0.00 .5903578010

.0200 .7400 .0000 .9565191*0

.200 .7100 .0100 .9598997*010

.0200 .7100 .0200 .9632839 010

.0200 .7400 .0300 .96bb793*010

.n200 .7.00 .0.00 .9700808*010

.0200 .7500 .0000 .971316434010

.0200 .7500 .0lco .9741131*010

.0200 .7500 .02a0 .9780895.010

.200 .7500 .0300 .9914713*010

.0200 .7500 .01.0 .984.87014 ao

.0300 .7100 .0000 .1457306.011

.0300 .7#400 .0100 .11i6s11 Oil

.0300 .7.0 .0200 .lfbS06*011
r0300 .7.00 .0300 .1.69031*011
.0300 .7100 .0.00 .1173073.011
.0300 .7500 .0000 .11.o01901
.0300 .7500 .0100 .11.818333.011
.n300 .7500 .02n0 .14488319-011
.0300 .7500 .0300 .11.9355.011
.0300 .7500 .0100 .1196466401

THE OPTIMUM SMOOTHING CONSTANTS ARE

ALPHA = .0000 BETA = .7400 GAMMA .0000

Figure 2-2. Rank-ordered Smoothing Constants
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CHAPTER 3

THE BOX-JENKINS FORECAST METHOD WITH AN EXAMPLE

3-1. BOX-JENKINS MODELING APPROACH

a. Background. Box-Jenkins models are a unique set of linear time
series models used to model stochastic time series data. Box-Jenkins
models fall into three classes: autoregressive (AR), moving average (MA),
and mixed (ARMA). Box-Jenkins models find their origin in the AR models
that were first introduced by Yule (1927) and later generalized by Walker
(1931). MA models were first developed by Slutzky (1937), and ARMA models
were initially theorized by the work of Wold (1938). George Box and Gwilym
Jenkins are responsible for collating these previous works and establishing
an approach to apply these models. The Box-Jenkins approach consists of
three steps (see Figure 3-1).

:S*ot fCtc on Postulate
gawal clIau
Of fltodU4O

oIttfy m oiel
to be toflitaunmy

stp:1
Est.6tion And tmsting Est te ovanne.

I~ lO.qnosCi I

Ml llle 009

No

.00 Ctllll;

Figure 3-1. Box-Jenkins Modeling Approach

(1) Identification. The first step in applying the Box-Jenkins
methodology is to identify the degree of homogeneity in the data, i.e., how
many times the series must be differenced to achieve stationarity. Once
the degree of homogeneity is established, the data pattern is identified as
AR, MA, or ARMA.

3-1
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(2) Estimation. After the data pattern is correctly identified,
parameter estimates for AR, MA, or ARMA model are generated to obtain a
model that best fits the data.

(3) Verification. Finally, test runs using the estimated model
parameters are conducted. The results and diagnostic checks are performed
on the model parameter estimates and residual estimates to ensure goodness
of fit and adequacy of the model. The predictive value of the model can be
evaluated and analyzed using historical data that is not used to develop
the original model. If the model is not adequately verified, then steps 1
through 3 are repeated until an appropriate model is identified.

b. Stationarity. The most crucial element in applying Box-Jenkins
models is the principle of stationarity. Stationary data are defined as
data that are invariant with respect to time. A stationary data series is
characterized by a constant mean, variance, and covariance throughout the
series, i.e., no change over time.

c. Data Transformations. It is uncommon for a data series existing in
its natural form to be stationary. Thus, the data must be transformed to
achieve stationarity. Three major statistical transformations are espe-
cially useful in achieving stationarity: (1) differencing the series, (2)
applying natural log transformations to the series, and (3) applying a
square root power transformation to the series. If these techniques do not
produce stationary data, then differencing of the logged series or dif-
ferencing of the squared series can be attempted. Model applications to
differenced series are referred to as ("I") and the "ARMA" notation is
expanded to "ARIMA".

d. Box-Jenkins Models. Once stationarity is achieved, the data is
modeled using the three general classes of Box-Jenkins models: AR, MA, or
ARMA.

(1) Autoregressive (AR) Models. AR models follow the general form

xt = 6 +01xt-1 + 02xt-2 + ... + Onxt-n + et

where 6 is drift, xt are the dependent observations of the series, 0 n are
the regression estimates of the model, and t t is the error term. The most
common models are the AR(1) model

xt = 6 +01xt_1 + et

and the AR(2) model

xt = 6 + 01xt-1 + 92xt-2 + et

Autoregressive models differ from the general regression equations in that
there are no independent variables to regress upon. The regression is per-
formed on past values of the dependent variable, thus the term
autoregressive.

3-2
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(2) Moving Average (MA) Models. MA models follow the general form

xt = A+ et - 01et-1 - 2ft-2 - ... - Qnft-n

where u is the mean of the series, et are the past error terms, and gn
are the parametric estimates of the model. The most common form of MA
models is the MA(1) model

xt = J + Et - G1et-1

and the MA(2) model

xt= + ft - 01et-1 - O2et-2

Unlike the AR models which are a linear function of past observations, MA
models are a linear combination of past errors. Also, unlike the general
moving average models where the sum of parameters equals 1 (91 + 92 + ...
0 n = 1), Box-Jenkins MA model parameters do not necessarily add up to 1.
Finally, the error terms of the model are assumed to be distributed nor-
mally with a mean of zero (0) and a constant variance ( a2).

(3) Autoregressive-Moving Average (ARMA) Models. ARMA models are
combination models which are derived from the following equality:

O(B) xt = 0(B) et

where 0 and 0 are the AR and MA parameters, xt and et are the past obser-
vations and error terms, and B is the backshift operator Bxt = xt-l. In
essence, this equality states that a complex AR process can be expressed as
an MA process of infinite order and vice versa. The resultant of this
equality is the general equation for forecasting Xt:

Xt = 91xt-1 +...+ Onxt-n + 6 + "t - 81ft-1 -.--- On~t-n

The combination of AR and MA terms produces a model that is more accurate
than the pure MA or AR models. Furthermore, in combining the two types of
models, only a few parameters may need be included in the model to achieve
the accurate forecasts. Simple models with forecasting effectiveness
represent successful adherence to the principle of parsimony, a fundamental
contribution of the Box-Jenkins approach.

(4) Notation. To standardize model identification, all models are
specified as autoregressive integrated moving averages (ARIMA) of order p,
d, q, where p refers to the order of autoregressive parameters, d refers to
the number of differencing transformations, and q refers to the order of
moving average parameters. Therefore, all models will be referred to as
ARIMA (p,d,q) models.

3-3
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3-2. APPLICATION OF BOX-JENKINS METHODOLOGY TO THE PRESENT STUDY

a. The process of model development followed in this study is within
the framework of traditional Box-Jenkins methodology. That is, each fore-
cast is based on a process of looping through the stages of identification,
estimation, and diagnosis on time series first transformed to stationarity.

b. All analyses reported are based entirely on Biomedical Computer
Programs, P Series (BMDP) (Dixon et al., 1981) subroutines. An effort has
been made to make the traditional Box-Jenkins procedures as efficient as
possible by concatenating variations in these BMDP subroutines into general
programs which can be routinely executed to yield comprehensive results for
each of the traditional stages of analysis.

c. The purpose of the paragraph to follow (3-3) is to illustrate the
stages of Box-Jenkins analysis as applied to this investigation. Applica-
tion of Box-Jenkins models found especially suitable in characterizing 7
years of monthly cargo lift data are incorporated into the special sequence
of analyses developed for this study. A detailed description of the soft-
ware for these analyses constitutes Appendix I.

d. Description of Box-Jenkins methodology is superficial, intended
primarily to illustrate application of an efficient sequence of analyses.
Reference to the main Box-Jenkins (1976) source, to the original Transpor-
tation Workload Forecasting Study (TWFS) (CAA-SR-84-2), or to secondary
sources (such as Wheelwright and Makridakis, 1977) is essential for funda-
mental understanding of Box-Jenkins methodology.

e. Material presented in paragraph 3-3 assumes knowledge of fundamental
statistical concepts such as correlation and linear regression, estimation
of parameters and confidence bounds, and hypothesis testing.

f. A single time series consisting of 84 observations, monthly ship-
ments in measurement tons (MTON) from October 1977 through September 1985,
is used to illustrate application of the various stages involved in
building a Box-Jenkins model. The route represented is from the California
Coast to Hawaii; the commodity is chill; and the mode is breakbulk.
According to final diagnostic criteria, the final model developed to char-
acterize this series did appear to represent a successful application of
Box-Jenkins methodology. The forecasts are interpreted as values from
October 1985 through September 1986. Observed values for the final fiscal
year of this series are plotted in Figure 3-2. Also plotted are forecasted
values for this final year based on the most appropriate Box-Jenkins model
identified on the basis of diagnostic procedures developed in the following
paragraphs.

3-4



CAA-SR-85-11

FREEZE CARGO FORECAST-LIFT FY84
CALIFORNIA TO HAWAII

MODE OF SHIPMENT. BREAK-BULK
122.54,

112.71 %

102.87 '"

.') 93.04 "

8 83.21
"I', ,C. 73.38 "

63.54 -,-

~'53.71-
43.88- LEGEND

43 - BOX-JENKINS34.04 0 - OBSERVED
24.21

OCT NOV DEC JAN FE IAR APR ";q JUN JUL RUG 5EP

FY 1984

Figure 3-2. Observed and Forecasted Values Based on a Box-Jenkins
Model for the Final 12 Months of a 7-Year Series

3-3. THE STAGES OF ANALYSIS

a. Stage 1 - Preliminary Data Screening

(1) Different types of graphical display serve to accentuate the
presence of outliers or to indicate trend or.of seasonality, effects which
must be incorporated into any model. The appearance of the forecasts, when
viewed against plots of the initial observations, can be one source of ver-
ification of appropriateness of a given model.

(2) For every series analyzed, routine graphical display was produced
on the original observations, on 3-, 6-, and 12-month moving averages of
the original observations, and on observations grouped by fiscal year (pro-
gram N7BJII.EXPDFP).

(3) In Figure 3-3, a histogram in which monthly observations are
grouped by fiscal year is shown. As with most series encountered in this
study, significant differences exist both between means and between
variances estimated from the initial observations, evidence for departure
of the series from stationarity. Variance estimates which have extremely
high values relative to other variance estimates can also indicate the
presence of outliers; such outliers will appear as "lonely, distant stars"
on a histogram.
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(4) In the present investigation, the only treatment of values inter-
preted as outliers were changes recommended by the study sponsor utilizing
his experience and prior knowledge of the data. All such changes are
recorded in Appendix H, where Box-Jenkins modeling results are presented
for individual series.

(5) In Figure 3-4, 3-month moving averages of the original
observations are displayed. Existence of peaks during the summer months
("P," observations numbered near 10, or 10+ multiples of 12) is an
indication that seasonality should be incorporated into the model. A
gradual upward rise in the series denotes necessity to model trend.

b. Stage 2 - Identification. The process of identification consists of
two parts: achieving stationarity (transforming the original series to a
form which is invariate over time) and hypothesizing the number of parameters
in an ARIMA model. Within each of these parts, two functions are irtricately
linked to the process of identification: (1) the autocorrelation function
(ACF) and (2) the partial autocorrelation function (PACF).

(1) The ACF. A correlation coefficient computed over all pairs of
observations separated by j "lags," i.e., j intervals of time, is called a
j-th order autocorrelation coefficient. The first k coefficients, where k
conventionally goes as high as 36 lags, constitute the autocorrelation
function. These coefficients, with associated statistical confidence

*limits, are usually plotted as a function of the number of lags as a part
of any computer statistical package implementing Box-Jenkins methodology.
Consequently, it is possible to evaluate relative sizes of the coefficients,
which provide fundamental information relevant to the Box-Jenkins modelinq
process. The first illustration of such a plot (BMDP output) occurs in
Figure 3-5. Estimates of the standard errors of the autocorrelations,
appearing at point 2 (circled) are computed as:

1=0 )

These estimates are used to bound the graphical representation of the
sample autocorrelations at point 3 (circled) such that any autocorrelation
greater than about 1.96 times the estimate can be easily identified as sig-
nificantly greater than zero.
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Figure 3-5. Autocorrelation Analysis of 84 Monthly Observations
in Thousands of Measurement Tons for Commodity Chill,

Breakbulk Mode from California Coast to Hawaii

(2) The PACF. A partial correlation coefficient computed between all
pairs of observations k lags apart, where the influence attributable to all
observations separating the pairs is partialed out, is a partial autocorre-
lation coefficient. The set of the first k of these coefficients, again
plotted as a function of k and with associated statistical confidence bounds,
constitutes the partial autocorrelation function. A PACF, again BMDP out-
put, is illustrated in Figure 3-6. The estimate of the standard error of
any partial autocorrelation function is 1/""_, displayed at and graphed at
1.96 times its value at 3 (circled).
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Figure 3-6. Partial Autocorrelation Analysis of 84 Monthly Observations
in Thousands of Measurement Tons for Commodity Chill,

Breakbulk Mode, from California Coast to Hawaii

(3) Achieving Stationarity. The Box-Jenkins modeling process must
begin with a stationary series. A stationary series has the same mean and
the same variance regardless of which intervals of time are used to estimate
these parameters, and an autocorrelation function which dies out rapidly
after the first few lags (i.e., the autocorrelation coefficients soon
become not statistically different from zero).

3-10
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e Within the Box-Jenkins framework the most common method used to
achieve stationarity of a series is to "difference" the original
observations. A "differenced series of order k" is a time series
of differences between each observation and the observation which
precedes it by k intervals in time.

e Figure 3-5 presented an example of an ACF based on a series in
which differences have first been formed between consecutive
observations and then between observations 12 months apart
("diff" = 1,12). Note in Figure 3-5 at point 1 (circled) that
the mean of the differenced series is not statistically different
from zero at the 95 percent level (using a t test based on a null
hypothesis of zero) and that the sizes of the autocorrelation
coefficients are well within the graphically displayed 95 percent
confidence limits, point 3 (circled). An exception is the peak
at lag 1 (point 4 (circled)) indicative of a systematic effect
which should be incorporated into a model.

* The most common combinations of differences used on data series
encountered in the present study were diff = 1, diff = 12, and
diff = 1 and 12.

(4) Hypothesizing Parameters. The ACF and PACF are dual functions;
examining their joint behavior for an appropriately differenced series
provides the main source of information for choosing an appropriate becin-
ning configuration of autoregressive and moving average parameters.

e In brief, a stationary model which effectively characterizes a
given time series on the basis only of p autoregressive components
will have a PACF which cuts off after lag p and an ACF with
gradually diminishing coefficients--they tail off. Conversely,
an effective model consisting only of q moving average components
will have an ACF which cuts off after lag q and a PACF which
tails off. If both autocorrelations and partial autocorrelations
tail off, a mixed model of both autoregressive and moving average
components is suggested.

* More extensive detail on this process of inferring appropriate
models on the basis of the general appearance of the autocorre-
lation and the partial autocorrelation functions is given in the
main Box-Jenkins (1976) source.

e In the illustration (Figure 3-5), the peak at point 4 (circled)
which occurs in the ACF at the first lag indicates appropriateness
of a first order moving average term in an ARIMA model. The peak
at the 12th lag, point 5 (circled), is indicative of 12-month
seasonality, also to be modeled as a moving average component.
The PACF (Figure 3-6) contains sharp peaks in the first three
lags (point 4 (circled)); thus as many as three autoregressive
components should be evaluated in the process of building a model.
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(5) Summary - the ACF and PACF. The behavior of the ACF and the PACF
provides an indication of general subclasses of models which could qualify
as adequate characterizations of a given time series. Particularly when a
mixed model (both autoregressive and moving average components) is required,
identification of the correct model may be difficult, if not impossible.
The structure of the ACF and PACF can still suggest, however, an appropriate
sequence of model building, beginning with low orders of parameters and
increasing complexity until "overfit" (deterioration in diagnostic statis-
tics) occurs.

c. Stage 3 - Estimation

(1) Based on hypotheses formed during the identification stage, the
* form of a given model (i.e., the order of differencing and the order of

autoregressive and moving average parameters) is specified as statements in
a BMDP subroutine ("ARIMA"). BMDP output displaying parameter estimates
(point 1 (circled)), standard deviations of the estimates (point 2 (circled)),
t-ratios (point 3 (circled)), residual sum of squares, mean squares (point
5 (circled)), and associated degrees of freedom (point 6 (circled)), are
presented in Figures 3-7 and 3-8. The clearest exposition of the computa-
tional stages on which these statistics are based appears in Part V of the
original Box-Jenkins (1976) source and in Appendix A.33 of the 1981 BMDP
manual (Dixon, et al., 1981).

PARMEsTER ::i.Lr TYPE FAt1OR ORDER ESTIMATE sI. P. 1-sl
TP.NS A .:t.;,7 n.A

TPS A . .13.30 36
4 TRNS AR 12 -.2fhe .1319 -3.61

*rSIDUAL SUW Of SQUARES 2 *3CS&9 IPACKCASTS EICLUODDI

it I S|OIAL ME ,, S CUARE O0

Figure 3-7. Identification and Diagnostic Statistics of Best
Box-Jenkins Model for Commodity Chill, Breakbulk Mode,

from California Coast to Hawaii
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Figure 3-8. Identification and Diagnostic Statistics of Overfit
Box-Jenkins Model for Commodity Chill, Breakbulk Mode,

from California Coast to Hawaii

(2) Estimates of the parameters involve two stages of computations.
The Gauss-Marquadt method, a nonlinear estimation procedure, is usually
applied to "starting values," partially based on solutions to systems of
linear equations, determined from the first stage. Standard errors of the
parameter estimates are determined from a regression matrix calculated at
the last iteration of the Marquadt procedure. The t-ratio, which relates
to the null hypothesis that a moving average or autoregressive parameter is
zero, is simply the observed value of the parameter divided by its standard
error.

(3) The residuals are primary output from the nonlinear portion of
the analysis. Some values of the residuals are used to initiate computa-
tions (see Program 3, Appendix 3.3 of BMDP Statistical Software) and are
not included in the sum of the squares of the residuals (hence, "eliminated
due to the backcasting" in the BMDP output). The degrees of freedom are
the total number of observations in the series, reduced by the number of
differencing operations and by the number of parameters estimated in the
model (the mean, moving average, and autoregressive components, both

* seasonal and nonseasonal) and the number of observations associated with
the backcasting. The residual mean square is the residual sum of squares

,. divided by the degrees of freedom.
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(4) The actual sequence of operations which constituted the process
of estimation in this project was the execution of a program N7BJII.EXPMOD,
which was a concatenation of 36 basic ARIMA models (including 12-month sea-
sonal models). Diagnostic results based on models suggested as appropriate
models from the identification stage could then be easily examined in detail.
Subsequently, building on the basic models represented in .EXPMOD was per-
formed by specifying additional parameters within a more complex series of
ARIMA models constituting the program N7BJII.MODP.

d. Stage 4 - Diagnostics

* (1) The ultimate criterion for evaluating appropriateness of a given
model is, of course, to forecast using the model, and then wait for actual
results. All other diagnostic criteria have shortcomings. At least there
are alternate criteria, however, and if used in conjunction with one another,
a substantial amount of technical information can be used to appraise the
potential validity of the forecasts.

(2) Application of this diagnostic criterion begins with the parameter
estimates, standard deviations of these estimates, t statistics (related to
departure of the parameter estimates from zero), and mean squares of residuals
between observed values and expected values based on the model--all part of
the BMDP output associated with every conditional model. Overfitting by
increasing either autoregressive or moving average parameters one by one
can result in an improved model (parameter estimates statistically greater
than zero, a decrease in the root mean square, or improved patterns in the
residuals (as described in the next section)). If, on the other hand, de-
terioration occurs in the model (parameter estimates outside the band of
"acceptable" solutions, i.e. estimates less than -1. or greater than +1.,
estimates not significantly greater than zero, substantial increase in the
size of the residual mean square, or even failure to achieve a solution),
then stepping back by one parameter to the previous model is warranted.

(3) In Figures 3-7 and 3-8, BMDP diagnostic statistics were presented
for a multiplicative seasonal model in which the nonseasonal component is a
mixed model with two autoregressive parameters and one moving average
parameter based on a single order of differencing: (p,d,q,) = (2,1,1).
The 12th order moving average term, based on observations differenced by 12
months, constitutes the seasonal component, referred to notationally as
(p,d,q)1 2 = (0,1,1)12. The full multiplicative seasonal model then is
represented as (2,1,1) x (0,1,1)12. The multiplicative seasonal model of
Figures 3-8 and 3-10 would be represented notationally as (3,1,1) x
(0,1,1)12.
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(4) All parameter estimates for the model of Figure 3-7 (point 1
(circled)) are significantly different from zero at the .90 level (point 3,
circled), and the pattern of the autocorrelations based on the residuals at
points 3 and 4 (circled) of Figure 3-9 resembles the pattern of a random
process. When the number of autoregressive terms are increased from two to
three, however, coefficients for the second and third autoregressive terms
are no longer statistically significant at the .90 level, point 3 (circled),
of Figure 3-8, and the ACF based on the residuals takes on nonrandom aopear-
ing clumps at points 3 and 4 (circled) of Figure 3-10. Consequently, the
model containing two, rather than three, autoregressive components, the
more "parsimonious" model, would be considered the more appropriate model
upon which to base the forecasts.

(5) This process of overfitting must begin, of course, with informa-
tion pertaining to suitability of certain subclasses of models amassed
during the previous stages of analyses. The process of overfitting may
thus be considered a good source of confirmation of suitability of a given
model and an excellent source for rejection.

(6) If all systematic sources of variation have been correctly incor-
porated into any model, then the residuals, the differences between
observed values and values predicted under the model, should behave as
random processes, with means of zero and variance which is independent of
time. Dependencies existing among observations in the time series should
be reflected in the model. Consequently, the autocorrelations estimated
from the residuals should be essentially zero.

(7) The plot of the ACF illustrated in Figure 3-9 resembles the
pattern of a random process. When the number of autoregressive terms is
increased from two to three, the model of Figure 3-10, nonrandom appearing
clumps can be observed at point 3 (circled) and point 4 (circled). Lags
associated with "recognizable patterns," peaks occurring with regularity in
the ACF based on the residuals, can also provide indications of appropriate
orders of parameters to add to a model. In other words, this analysis of
the residuals is a source of additional information based on the data
itself.
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Figure 3-9. Autocorrelation Analysis Based on the Residuals of Best

Box-Jenkins Model for Commodity Chill, Breakbulk Mode,

from California Coast to Hawaii
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Figure 3-10. Autocorrelation Analysis Based on the Residuals of Overfit
Box-Jenkins Model for Comodity Chill, Breakbulk Mode,

from California Coast to Hawaii
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(8) Statistical tests can supplement this analysis of residuals. In
analyses reported in this study, the Box-Pierce "Q" statistic provided an
overall test of adequacy of the model using the first K = 36 lags.

K

Q = (N - d) Pk

k=1

is approximately distributed as X2 with (K - p - q) degrees of freedom,
where Pk is an estimate of the autocorrelation for lag k, (N - d) is the
number of observations in the series after differencinq, and p and q are
orders of the ARIMA model.

(9) The sums of the squares of the first 36 autocorrelations provided
a rough index for quickly identifying the best models from a set of similar
models. For example, this sum of squares increased from .3045 to .3331 as
an additional, but inappropriate, parameter was added.

(10) Application of the Box-Pierce test is not necessarily helpful
when distinguishing between alternate models. The observed values for the
Q statistic for both models (Q = 21.62 on 32 degrees of freedom for the
model of Figure 3-9 and Q = 23.65 on 31 degrees of freedom for the model of
Figure 3-10) would both indicate that, overall, the autocorrelations based
on the first 36 lags were not significantly greater than zero. Thus, both

*] models could be concluded to be appropriate models.

e. Stage 5 - Forecasting. The process of looping through the stages of
(1) identification, (2) estimation, and (3) diagnostic checking can continue
until a model is judged to adequately characterize a given data series.
Forecasts are then produced directly from parameter estimates associated
with this "final" model by use of the statement "forecast" within the BMDP
paragraph "ARIMA".

(1) Forecasts associated with the two models displayed in Figures 3-7
through 3-10 are presented in Figures 3-11 and 3-12 at point 1 (circled).
Estimates of standard errors of the forecasts are at point 2 (circled).
Confidence bounds, conventional measures of accuracy of the forecasts, can
be determined from these standard errors. Observed values, if applicable,
are also part of the output (at point 3 (circled)).
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Figure 3-11. Forecasts and Standard Errors of the Forecasts of Best
Box-Jenkins Model for Comnodity Chill, Breakbulk Mode,

from California Coast to Hawaii
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Figure 3-12. Forecasts and Standard Errors of the Forecasts of Overfit
Box-Jenkins Model for Commodity Chill, Breakbulk Mode,

from California Coast to Hawaii
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(2) The standard errors of the forecasts are proportional to the pro-
duct of the standard error of the residual and the cumulative sum of "psi"
weights; parameters of an ARIMA model are expressed in the form of gener-
alized autoregressive and moving average operators (see Appendix 4.3, Box
and Jenkins, 1967). Consequently, the confidence interval width increases
rapidly as the forecast jumps forward in time, corresponding to the incor-
poration of an additional positive weight into the standard error estimate
with each successive interval in time.

(3) Once a final model has been chosen, the full set of parameter
estimates and diagnostic results associated with this model are saved as
one element on the file N7MTMK. by running the program BJII.FORP.

f. Stage 6 - Conarisons of Forecasts with Observed Values

(1) An additional kind of diagnostic procedure should be built into
development of an appropriate Box-Jenkins model before production of fore-
casts. The model can first be built on a shortened version of the original
series, say shortened by 12 months, and then forecasts based on this shortened
series compared to the actual observations which occurred at the same time.
This closeness of fit of "forecasted" values to corresponding observed values
can be used to select a "best" model which is then refitted to the full
series so that the final forecasts will be based on the full series.

(2) Due to time constraints, this diagnostic process was not built
into selection of the best model for time series analyzed in the present
study. Rather, all Box-Jenkins models were developed initially from the
full set of 84 data points (7 fiscal years). The only use of observed values
to evaluate forecasts was a comparison of total tonnage forecast with total
tonnage observed for the preceding year. For the model illustrated in Figure
3-8, the "better" model, the forecasted tonnage sum was 1,030; observed
tonnage for the previous year summed to 948, an 8.6 percent difference.
For the "overfitted" model illustrated in Figure 3-10, forecasted tonnage
summed to 1,000, only a 5.5 percent difference from the observed. This
type of comparison of forecasted values with observations from the previous
year was used only when diagnostic results from stage 4 were insufficient
to distinguish a uniquely effective model.

(3) The comparison of forecasted values with comparable observed values
was used, however, in the "postproduction" analysis to choose between alter-
nate forecasting methodologies: Box-Jenkins versus Winters. That is, the
best Box-Jenkins model chosen on the basis of the full data series (7 years
of monthly observations) was refit to only the first 6 years and then fore-
casts developed for the 7th year. Forecasted values could then be compared
with observed values for the 7th year and used to choose between alternate
models. Results based on this method of comparison are the subject of the
next chapter.
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CHAPTER 4

POSTPRODUCTION ANALYSIS

4-1. INTRODUCTION. Using historical time series analysis, a system has
been developed by CAA suitable for adaptation by MTMC for improving fore-
casting capability of surface cargos. Forming the CAA system are two fore-
casting methodologies, Box-Jenkins (1976) time series analysis and Winters
(1960) linear and seasonal exponential smoothing, and multiple criteria for
choosing the "best" forecasts. It is the subject of this chapter to present
information evaluating effectiveness of the system.

a. Box-Jenkins (B-J) methodology, known for forecasting accuracy, has
become a standard for evaluation of other forecasting approaches. Thus its
inclusion into development of any new forecasting system is highly appro-
priate. It is also extremely costly with respect to time and experience
required to produce the forecasts. Because of the large number of time
series which describe over-ocean cargo transportation, a cost-efficient as
well as accurate methodology is essential.

b. The Winters (W) method, an exponential smoothing model which incor-
porates components for randomness, linearity, and seasonality, has proper-
ties of both accuracy and efficiency, as was demonstrated in the original
TWF Study. Consequently, forecasts based on the Winters methodology were
obtained for over 400 route-commodity-mode combinations on which data was
available. The Box-Jenkins methodology was applied only to the "most
important" (74) of these series.

c. The initial decision rule applied to time series with two sets of
forecasts was to choose the forecast associated with the smallest root mean
square (RMS):

N 2
RMS = 5 (0i - E )

N

where Oi is the i-th observed value in a series of N observations and Ei is
the corresponding expected value for a given model. This RMS statistic is
a measure of "fit." Due to a tight time schedule, this "fit" provided the
only feasible decision rule in the initial choice of the better of two sets
of forecasts produced by two methods. This choice determined initial fore-
cast estimates delivered to MTMC.

d. In the field of time series analysis, a more traditional aoproach to
evaluating alternate forecasts is to first build a model on a subset of the
total series and then to "forecast" the remaining observations. Root mean
square statistics derived from comparisons between such forecasts and the
corresponding observed values are referred to as measures of "accuracy" of
the forecasts.
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e. In this chapter are described results measuring both "fit" and
"accuracy" for the two different forecasting methodologies. These results,
obtained from a substantial number of time series, form the basis for eval-
uating the CAA forecasting system.

4-2. THE RESULTS. By commodity and mode, a total of 69 time series was
selected for Box-Jenkins analysis. (Series with substantial numbers of
missing values or forecast values specified by the sponsor were previously
excluded from this total.) Each such series consisted of up to 84 monthly
observations, from October 1977 through September 1984 (FY 78-FY 84).
Winters forecasts were determined on 562 time series, including all series
subjected to Box-Jenkins analysis. The postproduction analysis thus began
with the 69 series for which both Box-Jenkins and Winters forecasts were
available.

a. In that some of the Box-Jenkins forecasts were determined from a
different statistical package than BMDP, essential comparative statistics
are available for only 66 out of the 69.

b. Detailed Results (Table 4-1)

(1) In Table 4-1 are presented detailed evaluative statistics on the
two forecasting methods for the 66 time series subjected to both Box-Jenkins
and Winters analysis. The order of presentation of the columns reflects
the sequence of analyses in producing the FY 86 forecasts for MTMC. This
sequence is not necessarily the recommended sequence in building a "best"
forecast, but was rather the only feasible sequence due to limited time
available to produce a large number of forecasts. The percentage of FY 84
total tonnage (3,990,524 tons) represented by the last fiscal year of every
time series is presented in column 1 of Table 4-1.

(2) The RMS statistic, the criterion of "fit" used to select the
initial forecasts of FY 86, is presented in columns 3 and 4 of Table 4-1
for Box-Jenkins and Winters, respectively. (RMS statistics are not avail-
able for the three series in which the Box-Jenkins model was fitted to the
natural log transformation, footnote b, Table 4-1.) In column 5, the
method chosen is represented as "BJ" or "W" depending on which of columns 3
or 4 is smaller.

4-2
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Table 4-1. Comparative Statistics Between Box-Jenkins and
Winters Forecasts

I Metd IIMethod
Routa percent af o-jeni ns Winters with Sox-Jentins inters I w Ith Percent Percent

Cswdlty/ PY84 total fit fit better accuracy accuracy better error: error
a de t a-a Statisttic tatistic fit statistic statistic accuracy Soa-Jentins Winters

0117 Ch11 cant .10S 138.87 278.31 8I 153.17 184.58 83 -10.95 -24.03
Freeze cont .470 350.50 384.85 83 414.07 319.75 Wa 5.51 -4.11
POV cant Z.646 3,677.63 2.76481 4 8,489.01 3,924.17 W -84.42 -.25
ARna cant .038 b 83 65.52 73.57 83 '3.69 ,10.70
General cant 25.788 4,442.44 16.799.34 83 10,278.39 11.633.55 B -9.75 -2.26
414G cant .190 704.03 187.65 W 210.31 197.57 W -14.32 -20.16
COMEX cant .153 175.45 217.95 83 193.40 190.73 a .18.98 -10.05
s Special cont .094 163.20 1,280.57 83 181.87 2,448.85 83 -44.99 -41.75
POV brtblk 1.454 5 -- 448.27 4,333.93 6 -2.74 '25.30Ams brtblk .452 3,320.28 2,775.57 4 2,592.82 2,750.47 83 153.37 -49.38

General bblk .566 1,024.27 935.21 W 1,098.75 1.111.6 83 .18.09 -21.28
COREX brkblk .053 524.60 711.73 83 410.03 1.005.32 83 -32.16 -81.27
Special brkblk 6.260 4.331.44 9,790.33 83 13.592.63 20,105.42 83 '9.30 -73.28
Aoms MILVAM 1.488 1,448.20 1,62.38 83 3,188.90 3,338.70 B3 -52.93 -59.27
Gnernal ILVAJN .082 209.86 315.37 83 334.53 573.15 83 -74.09 -89.57

0217 General cant 1.032 1,013.80 969.24 4 1,030.24 756.08 W '20.77 -8.72
- 4ING cant .096 178.54 157.30 4 190.60 273.83 83 -18.46 -63.45

General brkblb .170 771.05 720.72 6 1.168.12 640.89 4 -137.36 '58.10
Special brIblk 2.320 - 8,125.84 9.614.01 13,102.09 83 -2,31 -93.64

1701 70 coat .741 1,0 .46 1,120.05 53 1,694.19 1.679.15 4 -43.64 '28.35
HG cant .147 237.42 360.32 83 356.08 806.84 B '.97 -100.0i
General brkblk .097 256.71 284.49 63 231.96 253.14 83 .28.87 -12.21
H4G b-blk .554 860.67 758.26 4 879.11 1,320.35 83 -8.81 .4.51
C04EX 5,-blk 1.600 311.86 3,638.54 83 c 6,624.13 - -- -.60.5
Special brkblk .308 2,220.49 4,304.69 B 4,292.60 2,899.26 W -110.06 -25.35
General MILVAN .426 708.93 796.81 B 1,507.15 1,382.14 W -75.88 -66.76

0351 Chill cant .084 136.63 115.99 W 58.44 81.60 83 .1.4 -14.78
Freeze cant .090 136.37 188.75 83 101.60 108.78 83 .3.86 -4.62
POV cant .112 126.98 252.23 83 135.86 413.77 83 -27.24 -43.45
As cant .002 28.81 20.58 4 16.85 22.8 83 -149.27 95.56
General cant 4.299 2,613.57 5,174.16 83 3,431.35 2,756.34 W -12.78 -11.14HHG cant .034 145.13 145.49 8J 547.21 173.72 W 141.22 116.01
COMEX cant .006 30.44 46.00 83 44.19 42.16 w 51.71 41.S2
Special cant .052 190.21 178.99 W 522.95 461.28 w -258.83 -100.00
AIM bb5k .142 3,640.19 5,711.36 83 2.815.58 4,057.56 83 '559.12 '616.95

9, General brtblk .117 440.48 652.15 8j 485.18 391.40 a '72.99 '19.92
0327 Freeze cant .006 17.19 16.09 6 17.60 28.82 83 -25.77 -41.34

POV cant .002 8.91 7.16 W c 7.26 -- -- -46.59AM Cant .001 2I.S7 1.13 Z 9.01 38.06 83 -6 Q59 -130.30
Geeral cet 1.983 877.31 853.44 W 1.043.57 856.56 4 -27 -4.64
*G coant .029 74.83 36.77 W 39.85 53.63 8J -12.70 -30.64
C2O0 cant .001 1.82 5.08 8 2.73 9.17 83 -23.30 -o .DOSpecial cant .002 14.52 17.53 83 10.12 43.34 8J -5.73 -11.0
Chill beetle .006 12.08 10.34 4 114.01 12.21 6 '41.57 -19.27
Freeze barbIk .024 20.83 34.21 8J 30.84 49.11 83 .13.42 '19.14POV brkblk .669 470.99 339.81 4 840.98 589.38 W -27.70 -12.92
General brkblk .026 85.01 69.12 W 114.27 102.37 6 -74.33 -57.51

0425 Chill cant .018 37.86 47.32 B 70.55 115.88 83 -92.60 -100.10* Freeze cant .008 14.40 1.97 83 29.63 31.22 83 .3.49 -57.51
Pas cont .245 336,08 661.28 83 602.62 533.40 w '57.33 -;.91
Aam cant .002 2.33 1.64 4 1.17 2.91 83 '150.07 -67.41
General cant 1.490 979.64 1,721.86 63 1,066.85 976.70 W '10.86 '7.49
H41 cant .054 92.18 126.02 93 244.32 115.56 w '132.91 -53.17

1118 POV cant .020 34.01 36.26 83 55.09 68.03 83 -1.76 -37.57
0350 Chill cant .030 42.82 33.17 4 37.79 44.94 83 -11.22 -6.10

Freeze cant .055 57.85 53.88 V 86.09 78.18 6 -5.95 -3.32POW cant .002 10.27 13.99 13 28.41 38.66 83 '486.83 -86.92
General cant 1.474 957.40 863.17 83 1,694.16 1,063.34 4 -31.78 -4.20
HHG cant .008 34.76 75.61 83 15.21 83.29 J -23.29 -6.16
General brkblk .020 60.76 62.25 83 € 131.99 ... .98.64
Special brkblk .008 45.98 53.27 8J c 137.51 - - .30

2727 PIOV brkblk .016 30.26 30.91 63 38.84 36.20 4 -29.07 -10.68
AM bblk .015 35.04 31.8 W 60.10 72.03 83 -38.:9 -79.17
General brkblk .154 165.93 151.33 W 210.59 169.67 w -16.75 -12.91
M44 brblik .002 9.11 6.58 W 6.26 3.95 4 '37.82 -33.47
Special brblk .412 3,141.70 6.176.83 83 c 3,69.51 .... * 9s8.

a63 - Box-Ja*fins, W W 4inters.

oComParable statistics not available (83 nodel based an natural lag transfomation).

C8J ndel failed hen 4pplied to shortened series.
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(3) Results of columns 6 and 7 display the measure of "accuracy"
generated by the process of "backcasting." That is, a model fitted to only
the first 6 years (FY 78-FY 83) is used to generate the 12 monthly observa-
tions for the last year (FY 84). The accuracy statistic is the root mean
square computed on differences between the FY 84 forecasts and the actual
values occurring in FY 84.

(4) Backcasting for the Box-Jenkins method was performed by estimat-
ing new parameters for the shortened series, usinq the best model ident-
ified on the basis of the total series. That is, only the "form" of the
model (the order of differencing and structure of autoregressive and moving
average components) remained the same between the full series model and the
shortened model. Backcasting for the Winters method was performed by
fitting a totally new model to 5 years of the series (FY 79-FY 83) and then
generating FY 84 forecasts. (Note that for five series reported in Table
4-1, footnote c, when a Box-Jenkins model appropriate for all observations
was fitted to a subset of the observations, the model failed; i.e., coeffi-
cients for parameter estimates fell outside the feasible range of -1.0 to
+1.0.)

(5) The "B" or "W" notation of column 7 indicates which forecastinq
methodology is "more accurate," i.e., which of the two RMS statistics of
columns 5 or 6 is smaller.

(6) The final columns in Table 4-1 are determined from the sum of the
total tonnage during the final year and the sum of the forecasted values.
These sums, expressed as a "percent error," are based on the difference
between observed and forecasted sums divided by the observed sum:

forecasted sum - observed sum
x 100

observed sum

(Note that the value "-100.00" for the Winters error statistic is used to
indicate that the total tonnage forecasted was less than zero. Values
below zero were not truncated in computing the Box-Jenkins percent error.)

c. Sumary Results (Table 4-2)

(1) Summary results based on results from Table 4-1 are presented in
Table 4-2. For the 63 series for which comparable "fit" statistics were
available, better fit was observed for 38 (60.3 percent) Box-Jenkins models
and 25 (39.7 percent) Winters models. According to the "accuracy" criterion,
of the 61 series for which complete results were available, 34 (55.7 percent)
of the Box-Jenkins models compared with 27 (44.3 percent) of the Winters
models were the more accurate.

4-4

" .' ,',- .,' .. ., . . -. ' ", - - .. , ... " .,y ,.., , . .. . , , - - , . -



CAA-SR-85-11

Table 4-2. Sumary Results on Fit and Accuracy Between
Box-Jenkins and Winters Forecasts

Better Better Percentage Percentage Percentage
method method Number of series Total of series Total of series
based on based on of with full better with full better with full

fit accuracy time series results fit results accuracy results

BJ 83 20 34.5% 8J 38 60.3% 8J 34 55.7%

W W 12 20.7% W 25 39.7% W 27 44.3%

B8 W 14 24.1%

w B 12 20.7%

Series for which
complete set of 8 3 5

comparable
statistics not

available

Total series 66 66 66

NOTE: 8J - Box-Jenkins
W - Winters

(2) Although these results appear at first to favor the Box-Jenkins
methodology, their complexity increases when examining results based on
both criteria simultaneously. A full set of such comparative statistics
are available for 58 routes. Referring then to both fit and accuracy, the
Box-Jenkins results are consistently superior for 20 (34.5 percent) series;
Winters results are consistently superior for 12 (20.7 percent) series.

(3) Inconsistency occurs between criteria for the 26 (44.8 percent)
remaining routes. That is, Winters results are superior to Box-Jenkins
based on fit, but not accuracy, in 14 (24.1 percent) series. Conversely,
Winters results are superior to Box-Jenkins based on accuracy, but not on
fit, in 12 (20.7 percent) series. Occurrence of inconsistencies in results
between alternate criteria means that the initial forecasts submitted to
MTMC as the "better" forecasts are not necessarily the better forecasts.
Subsequently, alternate forecasts designated as "better" evaluated on the
basis of the accuracy criterion were submitted to MTMC.

4-5
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d. Comparative Results (Table 4-3)

(1) To permit comparison of forecasting efficacy of this with the
original TWF Study, total forecasted tonnage and total observed tonnage
(both for FY 84) were determined by combining all routes and modes in the

* series represented in Table 4-1 by separate commodity. The percentage
* error based on these totals

-(-Observed -E Forecasted) x 100

Z Observed

is presented by commodity in Table 4-3. Routes where Box-Jenkins failed in
the backcasting procedure were eliminated from computations.

Table 4-3. Percentage Errors by Commodity

Percent of
Commodity Box-Jenkins Winters Number of total tons

FY 84 FY 84 time series shipped in
"i FY 84

General 30.72 17.27 6 1.1
brkblk

General -9.21 -10.69 6 36.0
container

General -75.59 70.43 2 .5
MILVAN

Special .77 -68.57 7 9.4

POV 41.39 7.17 9 8.2

AMMO 32.42 -21.70 8 2.1

HHG -3.37 14.21 9 1.1

CONEX -7.10 -28.89 4 .2

Chill + freeze -6.53 -9.56 10 .8

'4 4-6

! . . . . . . . . .

I - , - .. . ' . ' '- " " . , -. -. '*", .., ' ' --'-. , '- .-. ".-.- . " ' " i - " > -.: ' > .' ., -..-> - -,' ' ' ' ' ", - •



CAA-SR-85-11
(2) This percentage error is the same statistic presented by commodity

in Table 6-2, Chapter 6, of the TWFS. In the original study, these error
measures ranged only from 0.6 to 28.6 (FY 82). By contrast, percentage
errors of the present study ranged from 0.77 percent to -68.57 percent for
commodities common to both studies. (The percentage error was as high as
-75.59 for routes grouped as General MILVAN, but was not analyzed in the
original study.)

(3) The essential difference between this study and the previous one
is the degree of aggregation in the observations on which the time series
are based. Aggregating over all routes and modes yielded time series with
regularities which could be more effectively modeled using a historical
statistical forecasting approach. Monthly observations broken down by in-
dividual route, commodity, and mode reduced this regularity and hence effi-
cacy of the methodology. It is of interest that the categories "General
MILVAN," "Special,' and Ammo," where extremely high percentage errors are
reported in Table 4-3, are categories identified by the sponsor for fore-
casting because there was "everything to gain" and "nothing to lose." That
is, historical behavior of time series for these categories can be expected
to have little relation to observations in the final years.

4-3. DISCUSSION OF THE RESULTS. Discussion of results is presented in
three paragraphs: 4-4, Evaluation of the Methods; 4-5, Evaluation of the
Criteria; and 4-6, Evaluation of the Total System.

4-4. EVALUATION OF THE METHODS. Methods of time series analysis can be
evaluated on the basis of many criteria. Three criteria of general interest--
accuracy, cost, and applicability--as they apply to results of the present
investigation will be discussed in the following paragraphs. To clarify
this discussion, quantitative indices developed by Wheelwright and Ma'ridakis
(1977) will be compared with corresponding indices judged to be appropriate
to the current investigation. These indices are presented in Table 4-4.
The indices for cost and applicability range from 0 to 10, with 10 indicating
the highest cost and greatest difficulty in applicability. As accuracy
increases, however, the size of the index also increases; a rating of 10
corresponds to best accuracy.

a. Methods Evaluated as to Accuracy. Wheelwright and Makridakis report
a 10 to 2.5 high superiority ratio of Box-Jenkins to Winters with respect
to accuracy. (Note that in this particular context, "fit" becomes classified
as a measure of "accuracy.") Referring to results reported in Tables 4-1
and 4-2, Box-Jenkins forecasts are somewhat favored to Winters forecasts.
Consistent superiority of Box-Jenkins methodology, incorporating both cri-
teria reported in Table 4-2, however, occurs for only 34.5 percent of the
time series; Winters is consistently superior in 20.7 percent. This 1.7:1

Z sjperiority is markedly less striking than the 10:2.5 ratio of Wheelwright
and Makridakis. Both methods are superior in one, but not both, criteria
in 44.8 percent of the series.
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Table 4-4. A Comparison of Forecasting Techniques
on Three Basic Criteria

Box-Jenkins Linear exponential smoothing
',Winters)

Ratings based Ratings based Ratings - ',.A Ratings based
Criteria on previous on this on previous on this

investigationsa investigation investiqations investigation

Accuracyb 10 3.45 2.5 2.07

Costsb

Development 8 ic 1 1

Storage requirements 7 7 1 1

Running 10 10 1 1

Applicabilityb

Time required to obtain
forecast 7 7

Easiness to understand
and interpret the
results 4 4 7 7

aWheelwright and Makridakis, Table 12-1, 1977.

bScale from 0 to 10; 0 = smallest, 10 = highest.

CApplicable only if applying software developed for this study.

(1) In other words, substantial forecasting efficacy, as measured on
the basis of two criteria on a large number of time series, has been demon-
strated for the Winters methodology much more than would have been antici-
pated from previous ratings in the literature. This is a particularly im-
portant observation, in that most of the forecasts (over 400) submitted to
MTMC could only be developed using the Winters method due to the extremely
time-consuming nature of the Box-Jenkins procedure.

(2) It also needs to be pointed out that Wheelwright and Makridakis
assign their ratings on the basis of "experience" and knowledge of the liter-
ature. In this report, however, findings are developed on the basis of
analytical comparisons on a substantial set of data. Many reports affirming
the Box-Jenkins methodology are based on very small samples of time series,
as small as I and often not greater than 10.
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b. Methods Evaluated as to Cost. The differential between the Box-Jenkins
and Winters methods may be considered infinite, if cost is equated to time
to produce forecasts. Over a 3-month period of analysis, the Winters fore-
casts on 562 time series (over 99 percent of the total over-ocean surface
cargo lift) were produced during a few hours, as just one portion of the
more general task of screening data, building uniformly formatted time series,
merging results from the two methodologies, and writing final forecasts.
By contrast, the 74 sets of forecasts based on Box-Jenkins methodology
(developed to meet 75 percent of the FY 86 over-ocean surface cargo lift
requirement) were completed during the same interval of time, but just
barely. The Box-Jenkins forecasting procedure consumed full time of one
analyst, plus approximately 1/10th of two others.

(1) It is informative to again refer to ratings of Wheelwright and
Makridakis (W&M) and to compare their cost ratings (classified as develop-
ment cost, storage requirements cost, running cost) with ratings specifi-
cally characteristic of the present investigation.

(a) Development. Wheelwright and Makridakis rate cost of develop-
ment as 8 (Box-Jenkins) to 1 (Winters), i.e., high cost for the Box-Jenkins
method. At the current stage of CAA software development designated for
MTMC, application of either Winters or Box-Jenkins methodology by MTMC should
have a rating of 1 for Box-Jenkins and 1 for Winters (assuming purchase of
BMDP software by MTMC). However, considering any programing development in
either of the two TWF studies within CAA, the ratings would be 5 (Box-Jenkins)
and 5 (Winters).

1. Although skeleton FORTRAN coding was available for the Winters
method, expertise in programing effort was -equired to create an efficient
FORTRAN program compatible with the Sperry/UNIVAC system. This effort in-
cluded identification of a subtle and devious error published in the original
technical presentation of the method.

2. The Box-Jenkins rating assumes implementation of a statistical
package which specializes in Box-Jenkins methodology. Successful produc-
tion of as many as five Box-Jenkins forecasts per day in the present inves-
tigation required development of two additional types of software.

9 First, BMDP subroutines calling for different stages of Box-Jenkins
analysis were concatenated, so that the routine execution of an
"exploratory" program could simultaneously produce diagnostics
associated with varieties of models likely to be appropriate
for the present investigation. Actually, a core of three such
exploratory programs was developed and permitted efficient eval-

'1 uation of every time series. An additional program was executed
when specific modifications to Box-Jenkins models were necessary,
building on results obtained from the exploratory analyses.
All of these BMDP concatenation programs are described in more
detail in Appendix I.

4-9
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A second type of program was developed to read BMDP output,
saved as a temporary file, to make possible rapid comparison of
alternate models. Especially useful in evaluating different
models were (1) computations of sums of squares of a,-tocorrela-
tions based on the residuals (and the associated Box-Pierce
statistics) and (2) comparisons based on differences computed
between observed values and forecasted values for correspond4ng
units of time. Neither of these diagnostics were available
from the BMDP package.

(b) Storage Requirements. The W&M rating of 7 for Box-Jenkins on
storage requirements reflects the large computer memory required by any
statistical package. Box-Jenkins subroutines for the current CAA version
of BMDP alone utilizes about 60K on the Sperry/UNIVAC 1104. In that this
memory requirement became inevitably linked with slow runs during prime
time, the rating of 7 is probably justified. Storage required by the Winters
analysis is minimal, both receiving and deserving a rating of 1.

(c) Running. The rating of 10 (Box-Jenkins) to 1 (Winters) is jus-
tified. Running time for Winters can take no more than seconds per series.
The total running time for over 400 series was 6-8 hours using the Winters
software.

e Box-Jenkins analysis, at its most efficient stage in developing
forecasts for the study, required, for every time series, exe-
cution of a minimum of three programs (all concatenations of
BMDP subprograms) totaling a minimum of 4 minutes of computer
time on the CAA Sperry/UNIVAC 1104. About half the time series
required more detailed evaluation, hence one or two additional
runs of I to 2 minutes per run.

* At the peak of efficiency in BMDP analysis (measured with respect
to analyst experience and development of useful concatenations
of BMDP subprograms), correct Box-Jenkins analysis could be
completed on no more than five different time series per day.

c. Methods Evaluated as to Applicability. W&M dichotomize applica-
bility into time required to obtain forecasts and easiness to understand
and interpret the results.

(1) Time Required to Obtain Forecasts. The W&M rating of 7 (Box-Jenkins)
and 1 (Winters) is consistent with time to forecast required during the
present study, after hard copy computer output from all exploratory analyses
was available. An essential distinction between the Box- Jenkins and Winters
methods is that unique forecasts characteristic of Winters methodology do
not occur when Box-Jenkins methodology is used. Rather, a complex series
of diagnostic statistics must be evaluated to identify the "most appropriate"
model from a family of models for every time series, and a minimum of 1
year graduate level statistics is required for correct evaluation. If poor
diagnostics are associated with the routine execution of the exploratory
programs applied to every time series, then additional analyses must be
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designed, specially tailored to build more complex Box-Jenkins models
utilizing the information (the diagnostics) from the exploratory analyses.

(2) Easiness to Understand and Interpret the Results. The W&M
ratings of 4 (Box-Jenkins) and 7 (Winters) are suitable for the present
investigation. The rating of 7 assigned to Winters methodology probably
reflects the requirement for knowledge of time series analysis, particular-
ly of methods of exponential smoothing. The rating of 4 assigned to
Box-Jenkins reflects the requirement for training in both statistics and
time series analysis in order to understand and interpret the results.

(3) Summary. To summarize, comparison of Box-Jenkins and Winters
methodology with respect to both cost and applicability heavily favors Win-
ters. Support of inclusion of classic Box-Jenkins methodology as part of a
forecasting system must depend on evaluation pertaining to accuracy.

4-5. EVALUATION OF THE CRITERIA. A statement of reservation should be
issued so that limitations inherent in any of the comparative statistics
used as validation criteria for the forecasts are properly recognized.
Each criterion measures a slightly different type of time series behavior
and each can contribute toward evaluating appropriateness of a given model.

a. Both the fit and the accuracy criteria, based on sums of squares of
differences between observed and predicted values, assume that the cost
associated with overstocking a ship is the same as the cost associated with
understocking a ship (i.e., all residuals are squared and then summed, not
differentially weighted as to positivity or negativity).

b. The percentage error criterion, based simply on total forecasted
tons and total observed tons in the final 12 months, assumes that the cost
of overstocking is offset by cost of understocking (i.e., positive and
negative residuals can cancel if of equal value). Furthermore, this per-
centage error does not reflect the effectiveness of the time series in
modeling the peaks and troughs of seasonality.

c. The fit statistic computed on predicted and observed values over the
entire time series makes no adjustment for degrees of freedom associated
with the different models under comparison. This is another way of saying
that there is no measure to reflect degree of parsimony. Yet, the ability
to characterize a time series with only a few parameters is an outstanding
feature characteristic of Box-Jenkins methodology, to which is attributed
unusually accurate forecasts.

d. Finally, all of these comparative statistics are applied to time
series which are not exactly the same for the different methods. Extremely

U high values in the first of the 7 years of observed values apparently con-
tributed to a consistent underforecast throughout many Winters models,
leading to a decision to drop the first 2 years from all data series.
Consequently, Winters forecasts are based on time series of 5 years. Only
the first year was dropped for the evaluative "backcasts." Box-Jenkins
models, however, were developed from all 7 years; if the resulting fore-
casts were judged "by eye" to be out of appropriate range, then adjustments
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were made to the data. These adjustments, based on recommendations by the
sponsor, were recorded, but not transferred to the data base used to gener-
ate the Winters forecasts.

e. In summary, difficulties can be associated with both the comparative
statistics used to evaluate the forecasts and with the data on which the
comparisons are based. If it becomes necessary to choose one single evalu-
ative criterion to determine which forecast is "better," then it must be
emphasized that the "accuracy" statistic, the RMS based on backcasting re-
sults, is the criterion traditionally applied more often to evaluate effi-
cacy of alternate forecasting methods.

4-6. EVALUATION OF THE TOTAL SYSTEM

a. The fundamental contribution of the CAA forecasting system may be
considered to be the combination of two forecasting methodologies with com-
prehensive evaluative criteria to choose a "better" set of forecasts. If
each set of forecasts is evaluated on the basis of percentage difference
between total tonnage forecast during the final year and total observed
tonnage (the "percentage error" criterion), then choosing the method with
the smaller error substantially improves the results. This consequence of
comparing results from alternate methods to increase forecast efficacy is
illustrated in Figure 4-1.

30 Mixed using

L minimum error

NUMBER ... WintersE forecasts
OF Box-Jenkins

ROUTES* 2nforecasts

10

0-25 25-50 50-75 75-100 100-ABOVE

PERCENT ERROR"

- BASED UPON 61 ROUTES

"PERCENT ERROR OBSERVED-FORECAST X 100',/ = UBSER V ED

Figure 4-1. Percent Error on FY 84 Backcasts
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b. In this figure, histograms are plotted to display the number of series
in groups of increasing percentage error of the forecasts (both Box-Jenkins
and Winters). Out of 61 series being compared, as many as 37 sets of fore-
casts could be categorized in the smallest error group by choosing results
with the least error. Reliance on only one forecasting method would have
resulted in only 29 Box-Jenkins series being characterized by less than 25
percent error--and only 26 Winters series, were Winters the only method.

c. In contrast, when referring to the number of series yielding fore-
casts with 100 percent or more error, reliance on only one methodology would
produce 11 series in this high error category for Box-Jenkins and 8 series
for Winters. Choosing results from the method with the least error, however,
reduces the number of series with error of 100 percent or more to only 4
series. (In Table 4-1, the value "100.00" for the Winters error statistic
is used to indi, ite that the total tonnage forecasted was less than zero.
Values below zero, however, were not truncated in compiting the Box-Jenkins
error statistic.)

d. Results of Figure 4-1 illustrate another major point. The striking
differences which do occur in effectiveness of forecasting results become
readily apparent from observing the figure. Such variation in results is
not foreseeable from initial inspection of the data series. However, once
the distinctly poor forecasts are identified on the basis of the statistical
process described in this report, then it may become possible for a functional
analyst to hypothesize the reason for the poor forecast.

e. In other words, in a complex world of short-term forecasting, where
no one forecasting methodology is consistently superior and where difficul-
ties are present in all validation criteria, the CAA system demonstrated
capability of reducing error. Furthermore, it provides a means of flagging
sources of greatest potential error, where expertise of transportation analysts
may be used to greatest value.

4-7. ADDITIONAL FINDINGS BASED ON THE DATA

a. The need to evaluate forecasting methodology using multiple criteria
should be reemphasized. In the five series where error results for Winters
were as large as 100 percent and were also worse than the Box-Jenkins results
(see Table 4-1), both the fit and the accuracy statistics indicated that
the Box-Jenkins was the better model. However, in the nine series in which
Box-Jenkins error results were worse, the accuracy favored Winters in only
three series; the fit statistic favored Winters in six. Hence, if the per-
centage error based on total tonnage is used to identify distinctly poor
models, the fit statistic can alternate with the accuracy statistic with
respect to effectiveness in selecting the "better" set of forecasts.

b. Although it cannot be definitely known whether extreme differences
in results are attributable to defects in the models or in the criteria
used to validate the models, the nine Box-Jenkins models referred to in the
preceding paragraph should be highlighted for reevaluation.
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c. An improvement could be built into all Box-Jenkins models developed
for this study. An initial Box-Jenkins model could be fit on a series
shortened by 1 year, to best predict the last year of observed values
(i.e., fit the model to the criterion on which evaluation of "best" fore-
cast is determined). Once the best model form is identified for the
shortened series, new parameters are estimated for the total time series
from which the forecasts are determined. This procedure would, of course,
markedly increase the time required to produce a Box-Jenkins forecast, but
it would reduce inconsistencies between accuracy and fit criteria used to
evaluate the different methods.

d. To reiterate, using the percentage error criterion, 15 distinct series
were identified with 100 percent or greater error associated with forecasts
from at least one of the two methods. "Suspect" models could thus be in-
ferred. Using the accuracy criterion, 8 out of 14 of such suspect models
would have been rejected and forecasts based on the "correct" methodology.
Using the fit criterion, 11 out of 14 of the suspect models would have been
rejected. Thus, neither criterion behaves consistently well in identifying
the best model.

e. If only one criterion is to be retained as part of the decision pro-
cess for choosing between alternate forecasting methods, then the accuracy
criterion is recommended a priori because of its traditional application in
the forecasting field. Examination of results based on both fit and accur-
acy criteria, however, as well as reference to some measure of error, can

* be extremely valuable in highlighting models which need to be reevaluated.
f. The major thrust of this discussion should be to accentuate the wis-

dom of building a forecasting system on (at least) two methodologies. Re-

sults reported in this study are based on a substantial number of time series,
many more than are usually reported in the literature. Consistent observa-
tions favoring one or the other of the methods have been difficult to make.
For the majority of the series, both methods functioned similarly in fore-
casting effectiveness. A few problem series, where one or even both methods
failed, however, could be identified. In this field of short-term forecasting,
where caution is so necessary, capability to detect these danger signals
justifies retention of a complex system using more than one forecasting
methodology evaluated on the basis of multiple criteria.

4-8. CONCLUSIONS, CONTRIBUTIONS, AND EXTENSIONS

a. Conclusions. CAA has developed a forecasting system in which two
alternate forecasting methodologies can be applied to historical time series
and a choice made to determine the "better" of two sets of forecasts. The
task of choosing between forecast results in an area where clear-cut criteria
for evaluating forecast accuracy do not exist is an ambitious undertaking.
The wisdom of providing for alternate results, however, has become apparent
on the basis of a large series of analyses. It is not that all results
between the alternate forecasting methodologies are so different, but rather
that, in a few instances, results based on one or both methods are very
poor. That is, historical behavior of certain time series has little rela-
tion to the future behavior being forecast. In that distinctly poor results
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are indicative of time series where historical statistical forecasting
methodology is inappropriate, expertise of functional analysts should take
precedence over such results in specifying tonnage of future shipments.

b. Contributions. The predominant contributions of this study are de-
scribed in the following paragraphs.

(1) First, the forecast system has begun with the classic Box-Jenkins
methodology. This approach, the "Cadillac" of forecasting methodologies,
is known for accuracy and serves as a standard for comparisons when eval-
uating other forecasting methodologies.

(2) Effectiveness of an advanced exponential smoothing approach (the
Winters method) has been demonstrated with respect to forecasting accuracy.

(3) Conclusions in this study are based on a substantial quantity of
data. Alternate forecasting methodologies are applied and comparative re-sults obtained on 66 time series chosen to include the heaviest transpor-

tation routes for eight different commodities and three modes of transpor-
tation. Usual reports evaluating time series methodology include only a
few series.

(4) Only on the basis of evaluations determined from this data, it
becomes quite clear that incorporation of alternate methodologies,
evaluated on multiple criteria, is essential to developing an effective
forecasting system.

(5) Also from this data, it is apparent that certain forecasts are
highly likely to be valid forecasts. It is also apparent that other fore-
casts are suspect, indicative of data series in which historical behavior
will bear no relation to future values. For such series, the expertise of
functional analysts is likely to be superior to the statistical results.

(6) Results are evaluated on the basis of the best known criteria
which can be applied to any forecasting methodology, other than waiting for
the passage of time. These criteria are critically evaluated in this
report. Retention of multiple criteria is essential to development of
accurate forecasts.

(7) This is a forecasting system which can be modified and improved.
The most apparent change would be to replace the classic, but extremely
time-consuming, Box-Jenkins procedure by one of the automatic Box-Jenkins
procedures. It is essential, however, to evaluate any change on the basis
of a comprehensive system of data using criteria described in this report.
In that few operations research methodologies are applicable to all
possible types of data, it is highly recommended that the basic logic
inherent in this investigation be retained. That is, time series analysis
should proceed, utilizing alternative methodologies witl multiple criteria
to identify the best results.

(8) Forecasting methods are applicable to other transportation
systems.

4-15
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c. Extensions. On the basis of this research, a number of areas requir-
ing additional investigation become readily apparent.

(1) More information is needed on currently used forecasting methods,
such as auto-Box-Jenkins or state-space forecasting, that could be used to
improve the given forecasting system.

(2) Prototypes of time series which serve to distinguish alternate
methodologies need to be identified.

(3) In a preliminary screening of all data, specialized statistical
techniques should be applied to detect time series unsuitable for analysis
or to identify irregularities in the data which are modifiable.

4-1
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CHAPTER 5

SATISFACTION OF THE ESSENTIAL ELEMENTS OF ANALYSIS (EEA)

5-1. WHAT OVER-OCEAN CARGO LIFT REQUIREMENTS CAN BE ACCURATELY PREDICTED
BY ROUTE BETWEEN SHIPPING AREAS, BY COMMODITY, AND BY MODE? The 409 cargo
routes, 12 commodities, and 3 transportation modes produced 2,267 route-
commodity-mode combinations with data in the data base. Only 562 data
records from these combinations were retained for forecasting. The re-
mainder of the data records were excluded from being forecast because the
data base had insufficient data to merit forecasts. The rules which were
used to exclude routes from being forecast are described in Appendix D.
The best estimate of the FY 86 forecasts was a comparison of FY 84 forecast
with FY 84 actual movements. This estimate is contained in Chapter 4.

5-2. WHAT ARE THE FORECASTS OF OVER-OCEAN SEALIFT REQUIREMENTS FOR FY 1986
USING THE WINTERS MODEL AND BOX-JENKINS METHOD? The FY 86 cargo forecast
of 562 route-commodity-mode combinations using the Winters Model and the
Box-Jenkins method was approximately 3 million tons of cargo (3,275,201
tons). For details of the Winters forecast, see Appendix F. For details
of the Box-Jenkins forecast, see Appendix H.

5-3. WHAT STATISTICAL PACKAGES CONTAINING FORECASTING MODELS OR METHODS
ARE AVAILABLE FOR USE FOR THE COMPUTER FACILITIES AT MTMC? Tne statistical
software to produce Winters forecasts was provided to MTMC as part of the
audit trail. For a program listing of the Winters Statistical Programs,
see Appendix G. The statistical software used at CAA to produce the Box-Jenkins forecast is part of a copyright product, the Biomedical Statistics
Package. A statistical package has been ordered by MTMC.

5-4. WHAT PROGRAMS DEVELOPED BY CAA DURING THE TWF STUDY AND ITS IMPLEMEN-
TATION ARE REQUIRED BY MTMC TO PRODUCE FUTURE FORECASTS?

a. Four categories of utility programs have been developed by CAA in
order to produce the FY 86 forecast. Data base utility programs is the
first type. These are described and listed in Appendix E. Box-Jenkins
forecasting aids is the second utility type. These are described and listed
in Appendix I. The third type, Winters forecasting aids and the Winters
forecasting software, are described and listed in Appendix G. The integra-
tion software which selects and integrates forecasts from different files
and writes the forecast in correct format is the fourth type; these are
described and listed in Appendix J.

b. A computer audit tape and a printout with program listings plus data
benchmarks for all four categories of utility programs were prDvided to
MTMC on 7 June 1985 for their use.

a5 5-I
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5-5. WHAT ACTIONS MUST MTMC ACCOMPLISH TO DEVELOP A SYSTEM FOR THE PRODUC-
TION OF FUTURE FORECASTS?

a. Maintain a data base which provides cargo lift data aggregated by
month and sorted by route-commodity-mode.

b. Obtain and install a statistics package on the MTMC computer.

c. Reproduce the CAA FY 86 forecast using the Box-Jenkins and the Win-
ters software provided by CAA.

d. Provide cargo estimates for routes which are excluded from forecast-
ing because of a lack of data points.

e. Integrate cargo forecasts with cargo estimates for excluded routes.

5
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CHAPTER 6

FINDINGS

6-1. PROJECT IMPLEMENTATION

a. The FY 86 forecast of 562 routes was produced and delivered to MTMC
on 25 March 1985.

b. The audit trail of the method was delivered to MTMC on computer tape
on 7 June 1985 and the contents of the tape reviewed with MTMC personnel on
24 June 1935.

c. MTMC analysts are being provided consulting services on the use UF

CAA software through 30 September 1985. The next step toward an operational
forecast capability at MTMC is for them to reproduce the CAA FY 86 fore-
cast.

6-2. FORECASTING QUALITY ASSURANCE

a. The FY 84 backcasting results suggests functional transportation
forecasts need to be added to the CAA methodology for routes and commodities
whose FY 84 actual shipments show little correlation to the FY 78 to FY 33
data record.

b. Retention of both the Winters and the Box-Jenkins forecasting methods
in the methodology will increase the forecast accuracy.

c. These findings are based upon a substantial quantity of data. Alter-
nate forecasting methods are evaluated using multiple criteria, all applied
to 66 time series. Usual reports on time series analysis include only a
few series.

d. The value of these data is that it becomes quite clear which forecasts
can be expected to be valid and which are suspect. Furthermore, all general
recommendations on how to conduct a massive forecasting effort are clear,
but only because of information contained in these data.

6-3. RECOM44ENDED ACTIONS

a. Comparing the last year's forecast against last year's actual ship-
ments should be accomplished each year before forecasting future year ship-
ments. This first stage of forecasting is enhanced by a computer graphics
capability.

b. Conventional Box-Jenkins forecasts are very costly in highly qualified
professional man-months to produce and additional automated forecasting

• ,methodologies should be tested as a potential means of increasing the pro-
ductivity of forecasting analysts and the accuracy of route forecasts.

6-1Jd
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APPENDIX A

STUDY CONTRIBUTORS

1. STUDY TEAM

a. Study Directors

LTC James Keenan, Force Systems Directorate - January-March 1985
Mr. Harold Frear, Force Systems Directorate - April-September 1985

b. Team Members

Mr. Bret Graham
Dr. Betsy Abbe
MAJ Jeffrey Sorenson

c. Other Contributors

* Mr. Alex Martin
Mr. Dan Lundy
Mr. Walter Aldridge
Mr. Tom Johnson
Mr. Franklin Womack

2. PRODUCT REVIEW BOARD

Mr. Ernie Rose, Chairman
Ms Vera Hayes
LTC Robert Emerick
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APPENDIX B

STUDY DIRECTIVE

DEPARTMENT OF THE ARMY
H1EADOUAR-ERS VIL A-R RAF'C %IANAGEME'. ZZ'- A

561' COLJMS E

:AL S CHURCH \A 22.4' 5C50

- '-... 15 April 1985

MT-C

SUBJECT: Transportation Workload Forecasting - Implementation
Project

Director
US Army Concepts Analysis Agency
8120 Woodmont Avenue
Bethesda, MD 20814-2797

1. Purpose of Study Directive. This directive tasks the
Concepts Analysis Agency (CA.A) to perform the subject project.

2. Project. Transportation Workload Forecasting -

Implementation.

3. Background.

a. Current forecasting procedures directed by AR 55-30 of
Army cargo and mail workload requirements prescribe input from
seventeen major commands/agencies/activities, worldwide. These
consolidated requirements are submitted by HQDA to the Military
Sealift Command (MSC) and the Military Airlift Command (MAC) in
accordance with Joint Chiefs of Staff Publication 15. MSC and
MAC utilize this data to generate their industrial fund budgets.
History reveals significant variances in forecasted requirements
versus actual lift, which results in distorted budgets by both
the shipper service and MSC/MAC.

b. CAA conducted a study of the current system and concluded
that more accurate and efficient forecasting could be achieved.
Essential to improving forecasting was performing this function
at a single location and using the Box-Jenkins method or the
Winters model as the principal tools. ODCSLOG directed that the
Military Traffic Management Command (MTMC) perform the over-ocean
:argo forecasting for the Army beginning with the FY 55 input.
CAA agreed to provide assistance to implement the forecastini
system at the designated agency.

4. Study Proponent and Stud': Prooonents Study Director.

'Q MT!C -s the Study proponent. LTC J. Paepcke will be the
orconn-t's Stuy Director.
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5. Statement of the Problem.

a. MTMC is currently unable to oerform the forecasting
function because of the absence of the required capabilities at
MTMC.

b. Purpose. To develop the FY 86 long range surface cargo
over ocean forecasts and to assist MTMC in their implementation
of a forecasting system.

c. Scope. The project will focus on developing the FY 86
long range over-ocean surface cargo forecast only and on
implementing a forecasting system using the Winters model and
Box-Jenkins method at MTMC.

d. Objectives.

(1) Produce 75 percent of the FY 86 over-ocean surface
cargo lift requirement using Box-Jenkins method and 98 percent
using the Winters model.

(2) Assist MTMC in implementing a surface cargo
forecasting system at MTMC to produce the FY 87 forecasts.

e. Tasks.

(1) Obtain and evaluate cargo lift data from FY 78 to FY
84 to determine its suitability to produce specific route
forecasts.

(2) Determine the number of route forecasts that can be
produced prior to 1 March 1985.

(3) Produce, compare, and analyze forecasts of over-
ocean cargo lift requirements using the Box-Jenkins method and
the Winters model.

(4) Deliver forecasts on magnetic tape in prescribed
format to MTMC.

(5) Provide an interim report to MTMC containing the FY
35 long range forecast, the forecast model parameters, the Winter
model program, an an audit trail of the generation of the FY 86
long range forecasts.

(6) Assist MTMC to implement an over-ocean cargo fore-
casting system.

(7) Publish final report.

f. Timeframe. FY 85-86.

g. Assumotions.

(1) Historic lift data accurately reflects actual cargo
transported.

(2) Original study team members are available to part.
cipate in the project and are augmented as necessary.

3-2
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h. Essential Elements of Analysis (EEA).

(1) Determine what over-ocean cargo list requirements
can be accurately predicted by route between shipping areas, by
commodity, and by mode given the available data.

(2) What the forecasts are for over-ocean sealift

requirements for FY 86 using the Winters model and Box-Jenkins
method.

(3) What programs developed by CAA during the TWF Study

and its implementation are required by MTMC to produce future
forecasts.

(4) What statistical packages containing forecasting
models or methods are available for use for the computer facili-

ties at MTMC.
(5) What actions must MTMC accomplish to develop a

system for the production of future forecasts.

7. Responsibilities.

a. The MTMC will:

(1) Provide cargo lift data aggregated by month and
sorted by route (area to area), commodity, mode, and by order of
importance. The data will be expressed in measurement tons anc
will provide lift data from FY 78 to FY 84 inclusive.

(2) Provide one computer systems analyst and one sta-
tistician/analyst to CAA to assist in the development of the FY
86 forecast and to become familiar with the forecasting process.

(3) Prepare an evaluation of the study IAW AR 5-5.
(4) Consolidate forecasts for transmission to MSC.

b. CAA will:

(1) Establish a project team.
(2) Establish direct communications with ODCSLOG, MTMC,

MSC, and other agencies as required for the conduct of the stuiy.
(3) Conduct the project.

8. Literature Search.

a. CAA, Transportation Workload Forecasting Study, January
1984.

b. Department of the Army, Office of the Comptroller of the
Army, Report.

c. US Army Logistics Evaluation Agency, Evaluation of Second
Destination Transportation Funding, 29 December 1973.

d. Defense Logistics Agency studies and reports.

e. USAF and USN transportation workload forecasting
methodo loc ies.

3
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9. References.

a. JCS Pub 15, dated 2 June 1975.

b. AR 55-23, dated 17 March 1978.

c. AR 55-30, dated 15 August 1982.

d. AR 55-133, dated 18 February 1977.

e. AR 59-8, dated 20 August 1982.

f. MECHTRAM Users Manual, dated June 1978.

g. AR 11-18, October 1975.

h. AR 11-28, December 1975.

10. Administration.

a. Supor'ct. Funding for temporary duty (TDY) and travel
associated with the study will be provided by each participatin3
agency.

b. Milestone Schedule.

Data from MTMC 11 December 1984
Determination of 15 January 1985

forecast capabilities
Delivery of forecast 15 March 1985
Delivery of Programs 1 April 1985
System Operational at MTMC 30 September 1985
Final Report 30 September 1985

c. Control Procedures.

(1) Periodic In Process Reviews will be orovided to the
study sponsor by the project team.

(2) Documentation required by AR 5-5, will be submitted
by CAA.

d. Coordination.

(1) Direct coordination between CAA, MTMC, DALO-TSP, and
MSC is authorized.

(2) This directive has b coordinated with CAA.

'~HAROLD ISMALL
SMajor G-eZral, 2SA

- Commanding
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APPENDIX D

DATA BASE

D-1. GENERAL. This appendix details the procedure taken to form a data
base suitable for creation of the annual forecast.

0-2. DATA BASE CREATION. There were three principal steps involved in the
development of the data base: (1) raw data screening, (2) route
prioritization, and (3) data reduction.

a. Raw Data Screening. The tape sent by MTMC to CAA was converted to
the Sperry 1100/84 and copied to a system data file. The raw data base was
composed of 37,905 records (card images). Each record contained 24 columns
of information, formated as shown in Table D-1. A program (IDENTITY) was
written and applied to the raw data base in order to detect any spurious
data entries. The program was designed to search the subfields specified
in Table D-1 and to identify all unique character strings as to the line
(record) of first occurrence and the number of subsequent occurrences. No
erroneous entries were discovered in the first three subfields. In the
fourth subfield (Transportation Mode), the codes B, C, and M occurred
19,352, 17,468, and 1,066 times, respectively. Blanks appeared in this
subfield a total of 19 times. In subfields 5 and 6, there were 47 distinct
ports of debarkation (POD) and 48 unique ports of embarkation (POE). The
entry '00' appeared in these subfields three and four times, respectively.
In the seventh subfield (COMMODITY TYPE), the codes shown in the right-hand
column of Table D-1 appeared with the frequencies listed in Table D-2.
Blank entries in this subfield occurred 26 times.

b. Route Prioritization. A program (ROUTES) was written to concatenate
points of embarkation/debarkation into unique four-digit routes and to rank
order the routes according to decreasing levels of shioment tonnage. It
was determined that there were 409 unique routes in the raw data base. A
listing of these routes is provided as Table D-3. The most active routes
appear in the top row, while the least active routes can be found in the
bottom row. A cross-reference list for the four-digit routes of Table D-3
has been presented as Table D-4. For example, the most active route is the
first entry of Table D-3, '0117'. The two-digit POE/POD codes of Table D-4
indicate that this route is East Coast to Europe. Note from Table D-3 that
shipments in the opposite direction, that is, from Europe to East Coast,
rank third in overall tonnage.

c. Data Reduction. Before beginning the data reduction phase, all
records containing aberrative subfields were corrected. It was discovered
that 120 duplicate records were appended to the data base supplied by MTMC;
these records were deleted. At this point, in order to achieve a
prioritization of forecasts, multistage sorting of the raw data base began.
Three programs were written:

D-1
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(1) The first routine (CREATE-TWFI/DATA-BASE1) rearranged the 37,785

scrambled records in the raw data base (file G49186) according to Table
D-3, so that all records for route '0117' appeared at the top, followed by
those records corresponding to route '0217' next, and so on, until the
single record associated with route '3230' appeared at the bottom. This

ic.. rearranged data file was called G4TWFIDAT1.

(2) The second routine (CREATE-TWFI/DATA-BASE2) used the output
(G4TWFIDAT1) of the first routine as its input. For each route, it formed
a list of commodity-mode pairs and computed an aggregate shipment tonnage
for each month in the data base. If no cargo was shipped for a given month
during the shipment activity period, then a zero-entry was created for the

.. month. Finally, for each commodity-mode pair, the aggregated monthly
shipments were sorted chronologically and written as a raw time series
(with a route-commodity-mode header) to an output file (G4TWFIDAT2).

-' (3) The third routine (CREATE-TWFI/DATA-BASE3) used the output

(G4TWFIDAT2) of the second routine as its input. For each route, it rank
ordered the commodities by decreasing shipment weight, using as a sorting

* criterion the aggregate tonnage computed over the three modes of
transportation. Finally, within each commodity, the raw time series were
rearranged so that the busiest mode of transportation appeared first. This
third (and final) sorted data file was called G4TWFIDAT3. The data was now
in a form suitable for forecasting.

D-2
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Table D-1. Data Format

Columns Data entry Codes

1-2 Fiscal year 78-84
3-4 Sail year 77-84
5-6 Sail month 01-12
7 Mode B = Breakbulk

C = Container
M = MILVAN

8-9 POE Traffic area See Table D-4
10-11 POD Traffic area See Table D-4
12-13 Commodity 11 = Chill

15 = Freeze
20 = Bulk, except coal
22 = Coal
30 = POV
40 = Ammo
60 = General except household

goods (HHG) and CONEX
61 = HHG
66 = CONEX
70 = Trailers
80 = Special
90 = Aircraft

14-24 Lift (measurement tons) 0 - 999,999,999.99

Table 0-2. Commodity Frequencies

Commodity Frequency of
code occurrence

26
11 1,343
15 1,238
20 222
22 73
30 8,347
40 2,162
60 13,186
61 5,239
66 1.071
70 307
80 4,600
90 91

D-3
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Table D-4. POE/POD Codes

Code Location Code Location Code Location

* 01 East Coast 29 Marianas 56 Panama Pacific
02 Gulf Coast 30 Taiwan 57 Indian Ocean

03 California Coast 31 Bonin Islands 58 Not used
04 Northwest Coast 32 Philippines 59 Not used

05 Newfoundland 33 Thailand 60 East Coast North
06 Labrador 34 New Guinea/Australia 61 East Coast South

07 Pine Tree 35 Great Lakes 62 Gulf Coast East
08 Thule 36 Not used 63 Gulf Coast West

09 Iceland 37 Aleutians 64 California North
10 West Mexico/Central America 38 North Central Pacific 65 California South

11 Panama Atlantic 39 South Pacific 66 Northwest Coast
12 Bermuda 40 Southwest Pacific 67 North Atlantic NW

13 Lesser Antilles 41 Not used 68 North Atlantic SW
14 Puerto Rico 42 Not used 69 North Atlantic NE

15 Caribbean 43 Black Sea 70 North Atlantic SE
16 Guantanamo Bay 44 West Coast South America 71 North Atlantic S Eur

17 Europe 45 East Coast South America 72 North Atlantic BI
18 British Isles 46 Azores 73 Mediterranean

19 West Mediterranean 47 Antarctica 74 South Atlantic West
20 East Mediterranean 48 Vietnam 75 South Atlantic East

21 West Africa 49 Southeast Asia, Other 76 Indian Ocean West
22 South and East Africa 50 Ryukyu Islands 77 Indian Ocean East

23 Arabian Gulf 51 Korea 78 South Pacific West
24 India/Burma 52 Japan 79 South Pacific East

25 East Alaska 53 Mississippi River 80 North Pacific West
26 West Alaska 54 Rhine River 81 North Pacific East

27 Hawaiian Island 55 Cambodia 82 North Pacific PAC Coast
28 Marshall Islands

D-5
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APPENDIX E

DATA BASE SOFTWARE

E-1. GENERAL. This appendix presents the symbolic code for the five
routines described in Appendix D. Magnetic tape copies of these five
routines were delivered to MTMC, as were the runstreams used to define
their input and execution (see files 1 and 2 in Appendix L, Table L-1).

E-2. SOFTWARE LISTINGS

a. IDENTITY. The program IDENTITY searches subfields of data records
to identify all unique character strings. In the study, the runstream
IDENTITY17/TWIF specifically searched subfields 1 through 7 of the raw data
base G49186 (input unit 2). A listing of IDENTITY is provided as Figure
E-1.

b. ROUTES. The program ROUTES determines unique concatenated routes
and rank orders them according to decreasing levels of shipment tonnage.
Specifically, the runstream TWFIRTELOCAT determined that the raw data base
G49186 (input unit 2) contained 409 distinct routes. It also wrote these
409 routes to output unit 11, and then copied them back into the program
file G4TWFI as the element ROUTES/LIST. A listing of ROUTES is given as
Figure E-2.

c. CREATE-TWFI/DATA-BASEi. There are three programs required to
perform -the various levels of sorting required. The programs'are executed
sequentially, and the literal "i" in the name above is used to designate 1,
2, or 3. The initial input to the first of these programs is the raw data
base G49186 (input unit 2). Subsequent input files are the outputs of
previous runs. The output of the third program is the final raw data base
G4TWFIDAT3. Runstreams have the same names as the absolute elements they
execute. Listings of these three programs are given in Figures E-3, E-4,
and E-5.

-E-
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UNCLASSIFIED*316TdFI61. 1 ITTh9 I'M ?l000,7)g
I aII4E dS)N 1471 C4 1 1, 1000,71
I CIARACTEfA*2 A~ FI10O0097,

4 CNARACT FI*214 REC,RECOR,
-. S CIARACTE40SJ FnT

6 C
7 10 FORM4AT162131
8 15 FOR~MAT*A031
9 20 FORMATIA2.)
in25F0.RAT41I/55X ' IPUT r1?L3 4UMWR 1,2//J

iiF044T~7E' IED ,A,'N OCQ 4,2'.9' OCCURS 9,150 TINES,9,17 FIRST 0CUQ?r-NCE AT REZORa I ',153
13 C
1'. REA0I5q 01 J'.INJHAX
is READ 4 5 53 FIT
16 C
17 NQEC=1
19 103 lEAD42,FMT,E4iD=99 4AIJI,J=J4IN,J"AX)
19 READIO 201 RECO43
2n4QCfiEf
21 C 4L:Ici
22 DO 233 J.JMN,JMAX
23 IF IN4REC .ED. 13 THEN

26 NRI1,J3:I
27 ClI i J=:AIJ)
28 RECIR ,J34ECORD
29 ELSE
30i 00 300 I=I,til
31 IF ICl1,J) .E3. A~J3TE
32 Nq ITJ1:JjVg TE).
33 GO TO ZOO

.. ~. ~3' ELSE IF II .E3. NIJII THEM
35 NIJ1:'4IJl.1

ii.36 NFI16Jl,J)=NREC
37 NR 4IJ1jl 3:
3A C1,41JI JI:AfiJ
39 aFCIMl3,JECO4)
in0 EIIDIF
'.1 300 C0'IIINJE
'.2 ENDOIF
(13 200 CONTINUF

'.5 GO TO IOUi
'46 C
'.7 999 DO '.00 J~J'l49JP4x
48 PRINT ;?5,J
4 9 C
50 00 500 1 :1,NIJ)
51 PqINT V79 CI9IaECgI,JI,NR4 I,JI,4FII,J)
52 500 CONT4TPUE
53 C
54. 400 CONTINUE

*55 C
56 END

Figure E IENIT

E-2
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UNCLISSIF1E3*34TdFli4I.73UTESI2 3
1 DIMENSION 4jFI;3,(?3RJE93IQC93,y~o
7 0IME4ISION T04Sl?3J),CTD'4Sl90U)
3 CHARACTEk*Z POE,POD
'6 C?4ARACTFR*4 PIE3,OI
s CHARACTER*26 qE,RECOR)
6 C
7 10 FORMAT I7x 2*7,21FI
8 15 FORMATIA2 4 1 .,EF1-

23 FOiRMAT(1H1/51t, TOTA L NVMBER OF qaUTES IS .l1
ip ?D Er~Touc ~ , jC 'g15q* TT4FS,',i2 5 FORMAT11i6 X '; 4OJT R COR RO 2 4,1
12 30 Fg'4'AT116IIX,A'#flj35 F RMATt1H1/13X.' CUMULATIVE T0N4AGE 3Y 'ANKE3 ROUTESGI/

4 X5,OqOUTEI,11X,ITONSI.74,'CU4 TONS6, PERCENT*)
IF '#0 FOiRMAT16X9A'#2FS.2,F1%35l

17 NREC=3
18 100 REAn12,10,040=9791 POE,P3),WGT
19 REA013 51I RECO73
20 NREC:NhAEC*
21 POEPOD=POEIIP3O
22 C
23 IF INREC .ED. 11 THEN
2'6 N=1
25 NF I 1
26 NR fII =1
27 ROuTE~II=PDEPD

29 TO'SI13=GT
30 ELSE
31 00 200 1:1 '4
32 IF IqOiJTE4I3 .EQ. PDEPOD) TH4EN
33 NR411=-4q613*3
3'. TON lI!3:34SlII.d3i
35r GO TO 133
36 ELSE IF 41 .Ea. Ni 14---
37 4N*oI

39 NFI'41=4QEC
39 14R 44I1 
4nf ROUrEf'41=03EPO3
'61 RFCI6J43:ZEC RD
46 TONS INIzhi?
463 ENDIF
'6'. Z00 CO4 I INUE
'65 ENDIF
'66 GO TO 100
'467 C

4p 999 03 303 I17114
'69 4y4i3:1l
5fl 300 CONTINUE
SI C
52 CALL OROLQOI%,TO'4S,NYP
53 C
5'6 PRINT 29,'4
so; 00 400 1 =1,N

56PR[NT 26 ,QOUTEi'VI33,R9E:ENTII1 ,'RN~lI)I,4FINYIII I
57400 CONTINUE

58 C
59 dRITEI1I,331 IROJTEINTITI3,I=1,NI
60 C
61 CUMWGTZO
6? 03 503 I1 1
63 CuM4wT Cu4:ZIT 4SS ii
6'. CT34S I I CUMIGT
65 500 CONTINUF
66 C
67 PRINT 35

69 PCT:CTONaSlI IICTO'45EN)
600 PRINT #0 ,ROUIEI4VEUI ,TONSII),CTONS(11,PCT

73 E'40

Figure E-2. ROUTES
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* I 0114E'.SI0N 30JTE14091
2 CHdARACIEi*2 QECORD3 CHARACTERt 2 POEPDD
£4 CHARACTFRO4' D3E2)9,R0UJr-
s INTEGER 0U'.JT,U~dMMX
6 C
7 13 FORHATI13I7
8 15 F0.4MAT41bI1x,a'. 1j9 23 F04RAT IA '4 1

In 25 FORMAT 17X,2A2)

1? LEADIS 1-31 N4?3UrE
13 READI~s5, SI R3UTEl13,I1 ,4ROLITE)

14 C
15 KCYCLE=O
16 C
17' iDo KCYCLE=KICYCLE.1

IPIF IKCYCLE .ED. 11 THEN~
19 rU'EIT =2
20 0U~4 If 321 ELSE rIF 4KCYCLE .ED. 21 TH4EN
22 TUNIT=3
23 OUN IT z%

t 2'4 ELSE
z2S IF lIu'IIT4.EO. 33 TIEN
2b IUNIT='
27 OUNIr:3
28I ELSE
29 IUNIT=3
30 OUNIT:'.
31 ENDIF
32 E40IF
33 C

34 IK4OUTEzWIKCYCLE-, I*10#1
35 MRTMAXm :MNOI.4R3J EKRoJrs.,,9
36 C
37 NqEC:0
38 200 READ(1uNIr,?o E43=99)3 47:OR339 READIO s)1 p0t,P0
410 MREC=N~iC-a
4.1 POEPOD=POE/IPOD
'.2 C
4.3 DO 330 TZEROJTE 4iA
'44 IF fROUTE(I *Ea!'PEP331 THEN
'.5 MU'I1T = I1I * I-'.R3UI:'.6 WRITE4MIRUNI,203 RECOiO
'.7 GO 10 200
4.8 EAIDIF
'.9 300 CONTINEUE
50 C
S1 WRITEIOU'.IT,231 RECOR3
S2 GOD TO 2OU
53 C

54999 UNIMAN 11 * 'S4JM&X-K4DJrE
55 03 430 4u41T=I1,JNIp&X
S6 REuJINLj 4U'IT
57 410 REjDf414Tv20*E'.o'S20J RECORD
Ss WRI1 3 ECORD
60 F423 REWINDO MU'SIT
61 4.03 CONTINdUE
62 C
b3 IF fNRTMAX .'dE. N4ROUTEI THEN
6'. RE W I'D IU'.IT
6s REdI140 3U'411
66 GOT 1 0~
67 ELSE

b~l STOP
69 E401F3 In C

11 END

Figure E-3. CREATE-TWFI/DATA-BASE1
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U4CLASSTFIE3*34TidF141 1. CREATE -1F 11DAtTh-3%S:21 51
I 31'4E4SION 4t351,:Om0MD35P DATZ1953,NY6961

2 !3RIM[E4S1Otq 0*136196),N It4 1699&1vT0MAGE936,961
3 DIMENSION CMLIST 11

'4 INTEGER LAT,0AIE YRMO
*5 IVTE5ER Y71 V7F 4QMbl Y?4OF,3rLYR,YRP,Y740P

*..6 CHARACTFR*1 ISrAI M3DE
7 C14ARACTERik2 C345DE P01 '4LIST
11 CHARACTFR*3 C4P* 1REDM4?A

*9 CHARACTER*4 PDE03D,ROUt!L
*10 c

I1I DATA STAR/'s ,
*1? DATA CPNLIST/ '11', '15' '20., '22', 933', 143*9

1s 10 FORMAT42XI14,A13A2 FJ1.Z]
16 20 FORMAT4A1:A 41 X:4392 3X 4 1213)
17 33 F0RKATiIX,j'4,F1).2,I I1 I
In 40 FORM3AT1H15,0 RECS REa)3, ',15,' RECS USED, '.' ST'4IUs 9,151

*19 c
*20 NRECT=G
* *21 NqEC=3

22 NCOMZO
23 100 READ42, 1O10EN0:55S ,IOST4T=ITER41 VR40,43DEPOEP3C,4,TOdS

2 cNRECT=NRHLT-I

26 DO 113 1=1 12
27 IF (COM Ea!. CHLISTI4)l 50 TO 120
2P 110 CONTINUE
29 GO TO 100
3 0 C
31 120 NRECNMREC.1
3? C M P A 14 =C 0 4/ / 3D E
33 POEPOD=POE//paD
34 C
35 IF 144EC S6T. 1 .AN3. ?0EPO3 Nr-. ROUTELJ Z;3 T3 553
36 C
37 20J qOUTEL=POEPOD
38 IF INCO" .EQ. 33 THEN
39 NCDMZ1

* - 40 = :CDOi
*~4 1D4COMODI I 3CMPAIR

'42 ELSE
43 DO 30L J1I NC3K

44 IF ICO'INODIJ3 .EQ. ."IP*IR3 THEN

'46 GO TO 43
47 ELSE IF Ii .EQ. NCOP4) THEN
'41 NC04=NC3pq*1

50 CONNODIVCOM):CNPIR
51 ENDIF
52 300 CONTINUE
53 ENOIF
54 C
55 400 IF IN(I) *EQ. 01 THEN
56 N I II =
57 OAT I,1)1:?P42
58 NDATII,I1=I
59 TONIAGLI j1,3TYNS,
6c ELSE

*61 DO 500 K:1,NIII
*62 IF IDATI I .Ea. Y4431 THE4

63 NOATI :,KI4OAT6IR11 #.
64q TONAGE K1,* :OaEI,)TONS
65 G0 TO 130
66 ELSE IF OK,.El. N(111 THEN

6R 0*161 '4(I)I=YRM0
0NOA AT Ifoitm1131

7' TONAGE1I,44II IZTD'ES
71 ENDIF
72 SOD CONTI"iJE
73 E401F
74 GO TO 110
15 C
76 550 00 603 I1 gCOM
17 C
78 IF 1411) .ED. 13 THEN
79 WRITrIII,?31 STAR 14 JJEL C3INO4 1,1,

31 ELSE IF 44111 G1. 131N

Figure E-4. CREATE-TWFI/DATA-BASE2
(page 1 of 2 pages)

E-5



CAA-SR-85-11

00 61i. K=1,NlII

34 DATEfkJ=04TjI,M3
35 610 C04TINUE
86 C
37 CALL 0OE4Ai41I,aAJ~r.NY)

88 C
89 YRM4OI=DATEIII
9r YR4OFZOATE44dII3
91 YRr=YRIO!/3
9? YQFZVR1OF/1.j)
93 DELYQ=YRF:YRT

96 MOF =Yk'3Fl :- Ia*YRF
7 NMOV R: ,qOF9 IF IOLLY; *E3. a) T4EM

99 M 1G=0-O~
10ELSE IF ( E;qE.1 THEN

I ELSE IF a ELY4 *GE. ?I THE4
103NM OSET12 *IDE LYR-11
1044 NANGE=qpORI*NM03 r.*MOuiRF105 ENOIF

136 'NrERO:'dII
137 liRITE 111,231 STAit,9l3JEL,C0J04I,?ME,NNZE?3

IR c
139 YRP=YRI

110K2=1
111 03 620 KQ:1,N4AP46E

113 IF IKR G.6 I 1-AND. MOP .-EQ. 11 THE-4

115 ENDIF
116 YR40P ZR 0*yqP*M0P

117 IF YRNOP .EQ. DAT1! 4YI9Z))I THE4lip IFdQITECI11 a 043 iAt fNVyKZh1,T34ASEMyzNorJNVK1
119 KZ-Z'1
120 ELSE
121 9R1TE (11,301 YR4DP, 0.0, 0122 ENOIF
121 620 C04TINUE
!2% ENDIF
125 C

*126 600 CONTIMUE
*127 C
*128 NCOM=3

129 DO 700 1193s
130 P4611=0
131 700 CONTINU
1321 C
I53 IF fITERM .Ea. 3ia THEN
34 60 TO 20135 ELSE136 GD TO 999

137 ENOIF
139 C
139 999 P91P41 '40 ,IECT, 4EC,IT:14

14n STOP
1141 C
1'42 END

Figure E-4. CREATE-TWFI/DATA-BASE2
(page 2 of 2 pages)
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UNCLAiSIF7E3Y*3.T~JFI41.CREATE-TWFTIDATA.341?3g39) Z3.2

I'JtEGER~ S4A4JGEI 12,3,OS4TQOg1I2, 33
11EGER X V 7~S E2F0 II NTEGER NAE4 5

1 SMUPMOq1?9392003

6 ~REAL rONSC'qT2NS4 1z,3,zooa TTO'4SI1114TDqS
7
q CH:RAC7ER.l STA4,MOOE &433ES 12 31
0I CHIARACTERZ sDEPr;*4,aCt'ES*2 ,73,:Dl.2CHAACIR*2CNOTv(I2,3 1, PES1 121,44TYPE

DATA CJYPES /

15 5 READ47 1OED23,ER910, STAR,POEPOD,CO4940)EvNAN5Ec
16 vM* 0I7~17 13 FORMAY I,A4,IX,A2tA1,21ix,rZ)
18 C
19 IF4STAP .ME. *3 60 TO ?0D20 GO TO 30
21 C
22 23 WEAD(l 1&0EI4O=I22,CRiA:;33, SIAR,PDEPOD,C04,4O9E,4RdAMGE,

25 9 F(STAR .'E. 9*01 GO T3 900I
26 IFIPOEPOD .4IE. SIOUTE3 33 TO 230
?7 GO To '.0
28 C
29 33 SROUTE =POEPOD
30 '. 3 DO 45 1 - 1 12
31 IFICOM .12O. CTYPESg1i1 1~4E432 X
33 GO TO 55
34. E401F

*.3S 5i CON114UE
36 GO 12 910
37 C
38 55 y =
39 IFtHODE .EQ. ICI3 I = I
'.0 IF(H00E .EQ. ta83 I = 2
'.1 IFIPIODE .EQ. 'No) Y 3'.2 IF y . 0. 3 GO t0 920

'q CMUTYIK VI = C04
4 S'ODE S lly3 M03OE

'.6 S4ANGEOX 11 = N4ANGE
'.7 STIPES IXI = COM
4.8 SNZERDIX,VI N4ZERO
'49 C
5 0 D0 73 Z I 'd4A'GE
51 9EAD#7169 EN3=93o, V9N"O04594SPERMO

*.52 65 FOQN A IIXI'twF1O.2vic,r'.I
*53 C

56 CNTOM 5IX,I,Z) TONS
56~~2 C.V3NSIX Yti331 T 4ONSXv9O T457 4UPq t :Y,1 NPE414358 7) CONTl'E

*59 GO TO 20
61 C

b1 130 EOF 1
6? C
63 23a 03 223 T = I12
6'. DO 21 5 V = 1,3
65 ITONSIXI = IONSIVI *CqTONSlxvY,23)i66 215 CONTINUE
67 220 CONTINUE
6 S C
69 L 13
7r DO 253 .1 1,12
71 L = L72 IFIL *EQ. 13 6O TO Z53
73 C
74 00 245 K 24L
15 1 F I To IS I I -LT. T[ONStK-111 SOTI) 2415
76 C*77 RD104S = TIONSIK-1l
7R TT04SIK-11 1J0'dS(I
79 [TtoNsiks = HDTONS
3n C
a I 8 HSTYPE =SIYPESIK-11

Figure E-5. CREATE-TWFI/DATA-BASE3
(page 1 of 2 pages)
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82 MESIK-I1 = STY07SIK
33 PE~l=HDTP7
34 C
35 21#5 CONTTINUE
86 25.0 CONTINUE
87 C
as 260 DO 353 J =W
89 IFIST'tPE 1Ja .EQ. 1 01 60 TO 350
90 C
91 00 270 K =1 12
9? IFISTyPESlJI EQO. YTYPES4KlI X 9
93 270 CO4TINUE
94 C
95 00 3?U L =193
96 y =
9T C
98 IrICKJONSIX,1,Z23 .61. CMT3NSIY,2,2001 *AND.
99 CNJONSix,1 23)) .G7. CMTON Y39200)) y 1
ion IFSCmJa'ES X:2:2331 GT7. CMTONSIX,1192331 .443.
lot CN4TJ 3456K,2 29O31 *T T. 4TO34S16E,3:1? l I = 2
1032 IFICnT34SIE,3:2J 1* MTO4S IY 1,200 .041.
103 C'qT34SIg,39Z3 T.6. CHTONSIX,2 20011 Y 3
104 C

106 IrgY .EO ;% 60 13 320
107 ST A:1 =
108 WQ1TEI8,) STARSR4u TE,:4DTy1XoY3,SMODESIK,V3,
1J9 S4ANGEIX.,SNZERO(1,Yl
110 C
I1I1 N Z SRA46EIX Yl
112 00 290 1 = 1 N
113 WRITE13,651 SVR4OgK,V,Z1,C41DNSIXYgZ1,S1UP43hK,vgli
114 290 CONTINJE
115 CM1ONSIX,Y,2301 3.
116 3?0 CONTINUE
117 350 CON114UE
119 C
119 DO 380 X = 1,12
120 C
121 STYPESIKI
122 T104511 = 0.
123 C
124 DO 375 1 = 1,3
125 C
126 SRA'46E11,YI = 3
127 sNzEqoIK,vs=
128 CdDUTv14 V) = 1
129 OD111=
131, CSOES*V .
131 00 370 1 1,l230
132 C
133 SY143IR Y Z1 3
13'. Ct134S6N,1,I :0.
135 SNIJp406K,1,z1 3
136 C
137 370 CONT14UE
138 375 CONITNUE
139 330 CONT14UE
140 C
141 IFIEOF .E2. 11 GO TO 1333
142 60 JO 30
143 C
144 930 PRINT 0, 0 QECO43 NOT 4EDER RECORD
1'4 V 60 TO 1t)03
146 910 P-IINT 0, 984D COM80011Y NUM3ER
14? GO TO 990
14#P 920 PRINT 14 IVALID N00-
140 0i 90
150 930 PRINT *,*ER7OR IN NR% 4E VALUE'
151 C
152 990 dRITE1601 911 SF44,POEP31) a O,40E 4A3E,4N7EO
153 991 FOR4A I t 6lgA*,1K,41cA1,2I1lXI2ll
1514 C
155 1)00 STOP
156 END

Figure E-5. CREATE-TWFI/DATA-BASE3
(page 2 of 2 pages)

*E -8



CAA-SR-85-11

APPENDIX F

WINTERS FORECASTS

F-I. GENERAL. This appendix describes special purpose code that was added
to the Winters main program (WINTERDRV5) in order to exclude certain sparse
routes from processing.

F-2. SPECIAL CONSIDERATIONS

a. Route-Conmiodity-Mode Combinations. The final sorted data file
(G4TWFIDAT3) contains 2,267 route-commodity-mode combinations and their
associated raw time series. A listing of these route-commodity-mode com-
binations is at Figure F-i.

b. Manually Excluded Routes. Visual survey of the raw time series ap-
pearing in G4TWFIDAT3 revealed that many of the time series were simply too
sparse to fit by the Winters Model or any other technique. These route-
commodity-mode combinations were identified, and a look-up table containing
commodity-mode combinations for 30 different routes was stored as the ele-
ment ROUTES/OMIT in the file G4TWFI. When WINTERDRV encounters a route-
commodity-mode combination in G4TWFIDAT3 that has been flagged by ROUTES/OMIT,
that route is bypassed, and control is passed to the next route in G4TWFIDAT3.
A listing of the routes to be manually omitted appears in Figure F-2.

c. Manually Included Routes. It was originally planned to evaluate
only selected routes after the first 30 routes, since the first 30 routes
comprised 90 percent of the total cargo shipped. A look-up table contain-
ing those routes to be analyzed after the first 30 was stored as the ele-
ment ROUTES/INCLUDE in the file G4TWFI. Ultimately, it was decided to
examine all routes in the data base G4TWFIDAT3, and to discard those sub-
ject to an automatic exclusion logic. Thus, the look-up table ROUTES/INCLUDE
is read in by WINTERDRV5, but is not actually used. It appears in this
appendix as Figure F-3 for the sake of integrity of this report.

d. Automatically Included Routes. An automatic screening logic (proposed

by MTMC) was implemented in order to eliminate those sparse time series
that were not visually identified in Figure F-2. Five years or 60 months
of data (FY 80 through FY 84) were used for the Winters fits, when available.
The program performed a Winters fit for a given route-commodity-mode combin-
ation whenever the following criteria were satisfied:

(1) At least 36 shipment months in the data base (i.e., data for FY 82
through FY 84), and

(2) No occurrence of 12 consecutive nonshipment months between FY 80
and FY 83, and

(3) At least 2 consecutive shipment months during FY 84, or
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(4) At least 3 nonconsecutive shipment months during FY 84.

Any time series containing fewer than 24 data points or having no shipment
activity during FY 84 was discarded. In all other cases, the previous year's
actuals (i.e., FY 84 data) were used in place of the Winters forecast.

e. Winters Forecasts. Of the initial 2,267 route-commodity-mode combin-
ations, a total of 1,754 raw time series was discarded due to the shipment
inactivity criteria outlined in the previous paragraph. Winters forecasts
(or FY 84 actuals) were produced for the remaining 513 raw time series
(Figure F-4).

J
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*G4ThFI(I I.NLAEk(JI
*JT117 61h L3111 631 *I117 bO *117 278 *3117 838 *9117 a0C *3117 8'N ,3117 20a
*0117 20C *0111 30C *111 7 C *r il!I na8 *0117 q30 *M4117 4PC *0111 IrC *3117 1 SO
* 117 61C *fl117 t I 41117 ol *C117 6C *0117 66B * 117 b6M *P117 11C *3117 JIt
*I117 11. *0117 ;iA *1117 9i0 *( 117 9 'M *0117 70b *217 6 0 *217 SVC *0217 60C
*3217 ba *2217 6 *'17 33: * 217 3J% *0217 J33 *,217 1lC *217 6 1 a3217 61M
$311 2Jj *1217 228 *3217 31 *0 211 9'C *0217 1!C *)217 66B *"217 66C *3217 664
*0217 11L *2217 40 C1217 420 *E217 4PM *1 n 1 Pb *1701 SIC *1791 3 fl *1711 61o
-17JI 61C *17-1 614 *17r1 664 *1761 66M *17rI bC *1701 6V, *1731 6^d *1711 6 0C
41701 933 *17"1 3C *1721 s 61701 406 *1731 43M *1701 40C *1731 738 *1701 20b
*1131 91C *1 71 ISC *1351 1: *'351 b63 *3-1 613M *3351 416 *0351 4C *]331 4 3M
*n351 8?* * 3 rI 6CC *.3351 63 * r31 300 *03-1 308 *0351 3IM *C351 I'C *33 1 IIC
*9351 119 *03FI 115 *I3I 1 0l *1351 61M *0351 61B *0351 66C .351 o66 *3351 66A0
*3351 71 *33C1 90C *335.1 20: *1702 60B *1702 83C *1702 8OM *17n2 3"B *1712 30C
*17732 34 *1 112 b13 &IIf2 61 1 7P2 6IM 017n2 638 *1732 614 *1732 61C *132 90b
*1 IU2 b5d *17r2 o64 *17V2 b6: *17L2 7!5 *17P12 11B 41712 418 *1732 q1 *]3?7 b
*1327 60u *0327 uON *1321 3!3 *P327 3 -C 00317 61C *3327 bIB *0327 8"B *0327 SOC
*'327 4'. *d037 40C *1327 4P.4 *C327 IrB *0327 16X 40327 11 C *0327 118 *3327 66b
*3327 66C *03?7 213 *)327 23C *!425 600 *0475 6r *0425 60A *0425 3"C *3475 30B
*0425 o3C *04?5 803 *3475 bl *r425 BIB *045 61M *3425 lIC *04?5 11 $*3425 15C
*9425 150 *3425 23C *1425 41: *0425 412 *2425 66C 43]25 b6B *9118 b3C *]118 608
,l61t W1 *311d 420 -A i6 q3c *t0113 i3C *0118 33L *3116 b13 *3119 8C *3118 61C
*0118 6 1 *011ts 2OC *1116 U63 *9113 66C *0118 1i1C 0118 ISC *0113 ?nc *3350 6 C
V)3 5U 63d031- 0 60 *30 15C *C35 15b *0353 11C *3350 805 *0350 arC *3350 61L
335U 30C *350 3 *135J 43: *G35G 408 *0353 b6C *2727 3i *2727 bB *27?7 60M

*2727 713 *2727 313 *127 40 *?777 4QC 42T77 43M *2727 663 *2727 61 *2127 13
*?727 11 u.1c17 713 *1317 63 41317 brC *1817 63C *1817 618 18 17 41d *1b7 40C
*1817 66o *1817 306 *!17 30C *1o17 61C 1817 bb *1o17 239 *1817 20C *lb17 113
*I117 1C *0119 6CC *'119 bO3 *0119 b CM *0119 30C *0119 30* *C119 4n8 *3119 40C
*0119 89L *3119 6GC 1,i19 ol: *0119 618 *0119 66C 43119 b68 *!119 20C *3119 11C
*3119 113 *1119 15C *1119 15 *3119 911C *0114 63C *3114 618 *2114 614 *3114 838
*0114 83C *0114 30B *3114 39c *Cll 3PM *0114 61C *3114 b16 *C114 IC *3114 113
*9114 43d *1114 40C *3114 b67- *C14 66C *rl14 15C *114 91C *n156 60C *0156 6O
40156 619 *3156 30C *315b J93 *156 8 r8 *0156 80C *2156 61C *0156 o18 *3156 4 3
*315b 43C *D1b b653 *115b bb: *015b 1C *0116 118 3156 15C *115b 20C *315b 90C
*3120 60C *3123 633 *122 Gm 4rl73 8%r *3173 33C *]1?) 83 *311 31C *3123 3061
401 2U 30h *01?0 403 *1124 64C *0122 40M *0120 b1C *3120 b13 *C120 l'C *3113 153
*2120 1IC *01% 11d *JI ?0 b6? *12Z 66C *01?3 20C *0120 90C *0352 60C *235 6C3
*1152 b39 *2352 829 *]352 on: 403S2 61C *0352 15C *3352 40a *0352 4!C *2352 110
*1352 66o *33c2 SbC *1352 33C *2352 3b *3352 93d *3451 63C *0151 519 *3451 33C
*0451 313d *04l S08 *14S1 60L *r04S1 f0**04cl IIC *445 b1C *0451 613 *0451 2CC
*3451 40o *C451 b6C *1,.3 303 *2703 3rm *27f3 30C *2733 613 *2733 61C *2733 606
*2703 SJC *2713 b3M *2703 ig *2703 8c *2703 433 *2733 439 *2733 668 *335b 60C
*335b 633 *355 3C *335b 321 0035b 11C #33r6 15C *2356 blC *0356 618 *335b 8P3
*0356 d1C *3Sb 43C *335. 401 *n35b 9nb *3372 63C *1332 b1B *0332 o1M *)332 803
*0332 830c *l3 2 110 *C0332 u1Z *0332 b * 0372 40B *3332 41C * ,!N2 Ive *0332 3VC
*0332 316 *0332 20C *1332 902 *n332 66C *0317 809 *3317 8qC *C317 5"C *2317 618
*3S17 b2I *2311 32C 03117 03 0317 616 *0317 olC *3311 1IC *2317 lSC *3317 10c
03317 438 *137d 63 *12 31** D 323 1gC 0r328 833 *3378 hC *1325 1IC *232 61C
*032b 616 *C323 2C *1328 661 *C326 C o *03'8 40 *3328 320 *1718 7mB *1718 80n
*1 718 OC *111z 60c *1718 e,08 *1713 bM *1718 4t 17d *1713 400 *171B bd *1718 61C
*1718 30d *171d 30C *1718 15 *171 6B *1718 11C *5217 bC *5217 618 *5217 3nC
*5217 61 . *232, 733 732' t33 *?2J SPC 0 22?3 633 *23?3 uC *2023 I"3 *2323 30C
*2023 15C *2023 15i *?GJ o63 *2020 61 * 2J2,1 b1 *?020 11C *2320 9r% *3127 3C
*1127 33a *0177 60C *1127 633 *0127 6 "M *01?7 801 001 7 80C *PI 7 408 *31?7 40C
*3127 D1C *.177 b13 *0127 ob: *0127 66B *3127 11C 3127 90C *3256 SIC *3256 6r8
*1256 bM *325b ,13 *IeSE o3: *n256 3n3 *3 2 Cb 33 *3255 616 41256 61C *3256 666
*025b 66C * b5 IC 0125b 153 02S6 11C *02& 11d #0256 41C *0256 4 "B *3256 20C
*325C 9C *015 1 LO6 4111 sOI *0151 60C * 0 jrI 608 *01r1 61M *0151 4,8 *31SI 4C0
*0151 3Pd *0*11I 300 r I63 *0151 13b1 *0151 610 *3151 150 *0151 IB *3151 I10
*3131 2J. *3123 L33 *1123 l:2 *2123 6MC 03123 63a *3123 IC *3123 158 *2123 4nb
*C123 44 *3123 33 01123 3,2 *0123 11B *l?3 IIC *323 big :3123 6B *?510 30C
*2534 301 *2%04 6CC *.>i04 t0, *7S94 aC 425n4 608 * 4 254 6 2504 708
*2524 66C *?5-4 20C *?5'4 40: *2504 ISC *S2ri b3C *5251 638 *€251 4MB o251 8i8
*5251 oZ *5251 513 *;251 01: *5251 b8 521 31J 05251 33C *251 118 *3329 60C
*0329 616 *0329 303 *1329 30 *r329 JcC *n329 813 *0329 40C *C329 61C *3329 11C
*13J29 40 C *0379 4P *J25 1 8!l * 251 6'b *nirI 60M *0251 bOC *C251 3a *3251 663
*0251 41d *a,. I13 *51 013 *5113 6"C *51r3 tM *5104 t03 *51f3 80C *5103 30C
*5133 313 *5113 314 451n3 433 *5133 4nM *5103 410C 5113 613 *5113 61' *5133 b6
*51J3 b6C *JO1 33 *'31 13 *01 jC 4 ' 23)1 3C *221 31 318 *)3 3J1 *2231 61C
*2301 6 1 .26;'1 t13 V2311 VIC *0711 6PM *2201 4' F3 231 419 *.01 *63 201 66
*2 D31 15,u *2jI 71. *5iA1 4199 *5351 6!- * -t1I 60M P5 51 61C *rG51 61B *551 610
*,51 I13 *5J51 39 * 3J , 16 *GS1 28 * 0218 60C *3216 b1B *0219 6-M *3218 89R

'21 *32 * C21j 3 I, I121o 1 *02 . 6 8 *3218 blC *2218 B61d *r218 413 *3218 40
*4t1 66: 44aIt 2 6C Vo 'IS1 63 *4(X1 61M 04*o 60C *4 t01 313 *4 bI1 3,C 4631 311M
*
4
bo1 8b *44ol 90C *4uI o13 *4b1 61C *1 41 66L *14C1 661 *1431 3^B *1411 30C

*1401 bru DC 1411 620 *1:4 l b609 * 143 *5b14 8n0 *1411 0C 41431 513 *1401 40h
*41JI ' 2.C *147uI C20= 14"1 11: *% PIC 45801 31d *51 63 1 0 *5631 573 *5A1 61C
,5cjl bi. 1 J4'u -1 1.3 *58 )1 al *5 :11 ?2I- *5,1,-1 1419 11723 321 *1723 3-M *17?3 6 -C
*1720 t.., *11J b C 4 v1I 1C 172,; jrb *I72J 37b *1720 3C *1177 61d 417?3 61C
*1 120 11 L1 17u 11 *U/u 42 "Ii2. 4rA *1,01 31I *l9Ol 318 @1901 32 L *191o

*1 931 61 0 *1 PI r, *11 jII. *19C1 6PM *19- 1 87u~ *1901 a10 *1931 4"R *1901 666

Figure F-1. Route-coinodity-tuode Combinations
(page 1 of 4 pages)
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*1901 b6M '-192l1 2C *27r. I SQ3 * 2701 3nC *27IsI 3IM 42701 dn3 *?701 6"o *271i 60C
*271 63 4 *21r 1 4 74 *?7n1 401 *27'l 61'c *04:7 6IC *0427 b68 *0427 61M *]421 30o
*2427 332: 014:7 51C *-147 JQ *r&727 lBrC *0477 I1C *3427 66M *P427 66C .(1427 15L
*SJ3 6 1 *5203 bli O 5213I 1, 4529 6"16 *52 13 b1C *5i93 L3M *5213 4 18 *5233 8 O
5;20 3 SJ *! 2'3 39C *523 313 *52r3 f]3M *5203 b63 5203 11M 45213 114 1L.12 8 %

*1,22 666 *1.iP2 60L *1392 SJ 4;1302 2rh *03I 303 *3301 3n5 *"301 31C *3301 60ts
*3331 61C 43L1 624 *1331 all

, 
*0301 208 *03"1 40d *314b b3 *9146 57C *3146 bIM

*1146 6bJ3 *7146 tjC *]146 -23 *7146 39C #314S Ila 47146 11 C *0146 153 *3146 663
-*14 t. 4'1b l14o 61a *)14b 2UJ *,q211 b60 *0211 603 *0-211 06 *0211 30B *3211 61.

*0211 61C 4,211 11i *12 11 IIC *(211 IvB *211 40C *0c11 4 1S *0211 2nC *0133 8r"6
*l133 33C *3103 333 43103 903 *0103 66b *003 43 *3103 41C *3133 613 03113 618
*3221 ba *7Z,'7 33a *1227 33 *0227 606 *0277 60M *1227 66B *1227 613 *1214 6nC
.12']14 b:) *0 14 30C *1214 3r3 *0214 80C *0214 i d *0214 bIC *0 214 b18 *0214 66C
*0214 400 *C.14 403j *101 t60C *1821 6 b *I.PI bm *1*01 08P *lbll nc *Id01 40B
*1631 40C *1 bl 30C *1*01 303 *1301 61C *I&r'l 61u *I*0 61M *1801 6EB *3452 bOC
*34S5' 631 *23' c13 41452 u3 *1452 61C *04 2 11C o145 b6C * 452 3nC *1452 33
*q52 15C *14r.2 4.1 *1455 203 *4453 b1EP *34r3 IcC 43453 IIC *0450 3,1 *353 8OZ
4045O 30C *V4',U 3C3 *14 rU 61 *045n 40 6 *0213 868 23210 b08 *n210 6nC *3210 664a
*1210 3 * 40210 30C *J21d iIl *C210 4 0 *0456 6nC *9456 b0 *C456 30C *1456 306
*SuJ2 61C *56 615 *5 22 303 *5602 3nC *5b02 808 *5br)2 SIC *5602 bnB 45o12 60C
45tU2 b65 *011b t, *1115 &:0 *115 62b *0115 b9C 41115 313 *DI15 3"C *3115 660
*O011 6bC *0115 4 3 *0115 613 *0115 2!B *0115 168 *1417 tOC *4117 ar.B *1417 3t
*5101 305 *5101 31 C *51I 34 *v 101 bOB *51lf' 606 45101 b04 *5111 62C *51l 61b
*5101 b1C *51I 406 *511 40.4 *5131 66b *5111 66M *1301 b18 *1301 6-3 *13-1 66 P
*1301 333 413r1 b 1 *51'2 2 *51r20 b *5102 6DM *5102 308 *5132 30C *512 30M
*51.12 b6b *rIr2 661 *102 ,1 *51An. bIC *5112 4&> 03203 813 *'123 61B *3233 3
*0 2 Q 43d *3 102 bObs 41102, 603 *G 102 308 *0102 b6 *1102 618 *0 112 118 *0 1012 401
*5;232 63C *5272 bAc *5232 59M4 *5232 80B *5272 40B *5232 61C *1.212 biB *5232 36
*5232 3OC *515Z 63 *515' 00? *1152 6nM #51"2 61B *5152 61C *5152 908 *5152 3n6
*5152 33C *5192 433 *515Q b6 *5152 2'6 *17i3 B-3 41733 333 *1733 37C *1733 6o
*1 703 hOC 41703 6DM *'7fl3 61: *280 8 i 6 *203 bC *2o03 * " $*v3 8'8 *2a(3 arc
*26J3 9!1C *2d'3 40C *28n3 UIC *r223 605 *02.0 SOC 40220 640B *0220 6-C *0223 60C
*f22L 3,1C *C20,0 30B *Je2u 66B *0220 61C *-'270 bib *2ZZG 40d *r223 6rB *0223 6rc
42e23 83 *0223 333 *223 3O: *0223 408 *02'3 618 *0223 663 *1223 b6C *3249 3C
*1249 63d *3249 613 *1149 433 *3121 -8R *111 8C *2121 518 *311 SIC *3171 303
*3121 40C *31?1 403 J121 611 *121 lb *1102 304 41102 3C *1102 61B *1102 Bd
01102 63 *1 1192 bC *1102 b0M *1102 66b *l102 lli *1102 4 6 *1112 2nD *1102 15d

, * PS32 816 *15P2 613 *15"2 663 *1502 308 *15r2 40i *15r'l 608 *1511 69B *1501 66t
*15J1 31.1 *1501 413 *233 63' *5233 ar'C 052!3 616 o5233 SIC *F233 61C *5233 61B
*S233 33C *5233 303 *921s b3 *0219 bnc *0219 69C *7219 bnB *2219 3C *3219 30d

12 . *219 61C *O19 61, *1219 406 *r219 41C *0219 66C *5250 603 *.253j 6^C *5250 6CM
*5250 o.1o *52v- 613 *5250 t10 *125J bf b *52'0 40b *5250 303 *5250 ICB *5052 603

* 505 Z 60M *50r2 60C *552 603 *5052 618 053F2 61C *5052 308 *"02 3C *5352 4no
*1102 23F *1902 * *19 9 ;0 *1107 re *1912 bi1 419C2 61C *19.2 b'C *19n2 606
*,1113 bn1* *1113 6Cq V31 1 613 *0113 61L *0I13 3 0 *0113 3PC *2113 'B *,1113 403
*rl113 154 *I2 15 b 0: * 12 15 bl * 0215 60C *0215 306 *02Z'15 SO9C *112 15 6F8 * 7215 b10
*021S 408 *5603 b30 5313 b6C *'0v03 b04 *5203 61C *50 3 b13 *033 3"C *5003 306d
*,.js 33.1 *5jf3 63a *5j

, 
do: *503U. 66a *5,03 43B 41751 408 41751 6-3 *1751 60C

*1 751 30C *nl101 3C0 *11I Q63 *rioi 6B *n10r1 61B *2704 305 *2714 66K *27I4 803
*2 734 oJ3 *27r4 900 *I04 a03 * 1004 6Pb * 104 666 *1402 39C *1402 308 *14 2 6CC
*1402 606d *14f!2 8716 *141 V 00dn * 1402 610C *14n2 613 01402 b6C *1402 110C *2417 808
*0417 603 *3417 93 *1417 301 *P417 3no *0417 618 *3417 43 *r563 31C *56)3 303
*563 61C *5623 633 *5533 61: *5603 biB 456n3 d06 45633 63C *5613 2

1
C *3129 6rC

*11s9 60U *0129 6O *)1 '9 b2" *P129 SoC *0109 303 *0129 b1C *1152 40n *1b52 6 C
*13i33 808 *10-3 6, d *I0'.3 ,63 *0r10 8. q 0410 d *0 10 3 3 *1101 30B *1101 30b
* 1101 bi *1101 403 *14 2 bO: *r432 608 *0432 IIC *2432 S9C 432 bIC *2432 15C
*3432 43C *3432 B33 *4!2 431 40152 60C *2132 b3B *3152 tl4 *0152 303 03152 40d
40152 318 *I C 2 30L *1152 61^ *VI52 61B *Olr2 11C *. 31Z 300 *n310 6'C *313 402
*- 3 10 b03 *!31 61C *331U 30 *5229 6"b *5229 60C *5229 bOM *5229 b63 *5229 61.
*5229 610 *5'7'9 803 *52?9 393 *5229 1 8 *5177 80B *5127 b8 *C127 6rC *5127 6IM
*5127 31J *5127 5 0C 51?7 3 r,,4 *f, 127 663 *5127 61d *5127 438 *C132 0,B *3132 606,
*1 132 b344 032 31-j *I31 7 21 *4 3 r,2 305 *23 1 81M *3332 33 *1332 613 *1332 60.4

A .. ' *93 12 61] *1301 41U *?751 403 I 2751 4PC 027I 6D8 *2751 a.C *.751 S)B 427I 60C
*2151 6", .27 r 1 3Cd *271 1 30: *2751 63l 1 2IrI 66u *2I1 11 *r330 6rC *3330 6 03
*3 30 '4' *0 330 * *'13 30 30: *053G 3rC *03'3 3!d * D333 61C *P330 110 * 0314 81b
*'1314 b'1 *014 59 L 41314 .3 *0314 3rb 3314 ;1a *0314 403 *S 227 3' *52?7 0C
*5227 63* *5227 613 *52?7 I: *5227 3"b *5227 426 *0111 bnC *I1 bI6 *3111 6m
*1111 6 6 *1i1 6 1 *1111 04 *GIlI 8I c *0111 308 *0111 113 *111 IIC *311 159
41111 4*1 *. I11 4d *52I u3C *1 20 6nf *%0rI 3C *5211 33' * "221 8'0 *5211 61C
*5201 61 " *r2nl 4)3 *121,, u32 '325J bB 432r3 11C *3252 bIC *25C 613 *3253 8613
'3.?1 6C 72rI b33 *T2, 1 o13 *!25 61C 321 613 *3251 JIC *?251 318 *32S1 4"3
*2 ,j 2 I,, *2,.0 33L *23j, 303 7J02 bC *2U02 611 *27?8 bC *272P 618 *278 6rM
4272d bl 4?17'3 *0 *17b c,21 *272d 61C *2776 613 4272a 20C *2728 4"C *2728 4no

.272k, 65( *12'S 610 *I'. 61 *'22 61C *32" 3 61. *3213 40d *203 4"C *3213 666
*3 Z.;3 301C *0 3 1 " 2, *!3 3 112 *?7 81B *2712 5,3 271 3 " *2712 3 'M *?712 4nb
*5132 ,,1.j *51 2 b33 *5132 2 4 132 bnM *51 2 bn *5132 61C *5132 3-3 *5132 3%0
*r1 J- I IC *S 1 7 42-3 * '03 3'0 *C 2;C 3 3013 * Z90r3 30M4 2'S 66B 4 *>,3 61 C *2913 L 1L
029j3 bru *?2Y3 61C *'"' 4 ' *93 4'S *04 32 *13 49 i-C *-349 6nC *2349 b0

4 9 4~ 1 3 41 b I C 0 3 9 a I 1 4-('54 1 3! * 1 "9 3.is *4_249 D C *2313 61C *3333 bl.
*1533 t,.1 L 4%3 t, * 1 S.:, *1'33 3 31 73 3*2o2"*C3 37 Es . 4333 413 *137S 4,-1
*1 11] 3-1 *1 717 : *1117 j2 ' 1717 't, *1117 b-2' .il 71 t. IC *1117 Slt *1 117 61L
*1 717 ubi *3 " 61C *iJ: 3 t1 *1 2,.1)! ) rC 4 J^3 : a A;C * ,i13 ;-8 &5313 81:,

Figure F-i. Route-commodity-mode Combinations
(page 2 of 4 pages)
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J 1 .3 9'1C 353' 53.) *52'2 .3.3 5251 4'. *5..2 613 *]'52 313 *3252 a 13 *:252 5 f1
• c* 2 66,, *2,% 3?j *I18 z.4 *:103 G 614 *SP13 63C *2113 a33 *2131 413 *2123 155

I I l.; *2 7"'5 5 12 ;1 1'3 71 *17?3 3'n *1 123 333 ;17?3 lSC *1723 f. 3 * 211 6.n,
32 A 52;;; *211 b

1
1 *321 a3L n0rl 513 40211 IC *2231 33.s *1?17 33 *1 MI 40d

at1)17 b1c *191 1 3%k 41i#17 33% P19 17 6 1C *1 '17 6131 41 L5S1 42'N * 1415 313 * 342 15"8^
* 5114 33 : *511'. 3] 4512'. 324 05114 611 *, 114 b .C 45134 5 34 *5114 a1 *5114 61-3
*S I L 3 1 .W 1'5'4 15 C2 *1 'N 112:-t! I51' ('. * 1212 313 12232 S 13 *322 3,13 * 17 19 4 ):
*1 114 4 IS41 '71 '15IL 41719 b3' ,1A7 1? 3 Ot 0*171,9)3 ;17 19 32!, * 1 719 3 13 * 171 ? 613
*3d52 6 .).( ,j _ 63 *_3352 j.> *3052 3rB 4.30rZ 663 *3052 b13 J 0.352 SiC *3)52 49a6
*5 .14 I.,) * 5 4 5 61L *5 2 14 313 I 5204 31C *52"4 32* *i214 a2 3* 52)4 6, 51 7T2 6 13
*5132 81. '*573' 51. *ZI 1 * 4729 5-C *279 63 *_729 6 1 *2759 b61 *?7?9 31)3
* 12 1? 3 2 *7?9 4% *4729 aI- *Ir)4 5 B ;31 ,4 433 *3144 BSM *1144 313 *3144 3n:
*2144 5h) *3144 61A *15"' J, *1504 613 *lh4 666 *1534 63- *'252 61 *3252 6q3

32614 *3 2% 66.5 *3 22 61- *%325 2 56 1 3 *3" 42d *3252 SOC *2?3214 1'3 03314 Jfl
*23C4 bI *3'4 bSa *53rs 5 . *J 6,5 15 C 51c.] 634 *5153 553 *5153 613 *3153 61C
*51>J 3o, *515., 32.1L *515 3 i) *515J IIC 451F] 153 *53?2 531 *r331 3 3 *5331 30C

j5 _I 50. 4r, jj 51! 7j5% *5331 j *E5!1 8n *521 613 *5031 4)B *1125 i"C * 1775 62C
0 ]25J 833 *3Z%, b03 02"32 3F 3 *025 523 *02IS )3 *1413 SIC *1413 613 *1413 S0B
*1'413 b1; 41 413 513 *1413 333 *215i3 303 *21

] 
6)3 *3153 3 03 *2153 613 *I15] 4.3

*221 6j, *29'! 86% *2427 oD' *2927 BOB *2977 333 *29?7 31C *29?7 613 *29?7 61C
4 *927 153 *2921 4'3 *3323 *2: *3323 5113 *03?3 333 *]3?3 SIC *317 SIC *2317 603
*',17 8. J *2)I I 81C *2J17 3.' *2017 308 *2317 61C 42017 513 2317 1rC *2.117 7 9a
*2152 d21 *215. 40-s 42152 63% *2752 60C *27r2 634 *2752 303 *2752 613 *2732 B31
.2732 bli *1 A .t 7 3 *2132 6.2 *2232 613 *27 2 333 *2732 413 *7132 '41 *3221 8OB

3 221 63J *J21 612 *12?1 S33 *,1221 613 *1919 b3B *1919 bOC *19 53M *1I1 ILr
*l 19 81 *1919 614 *1919 i3

. 
s*19 3PC *1 719 biC *1919 b13 *1919 SI4 *3117 603

*2 1'7 b'4 *3121 53C *3111 .13 *0127 2nd * 117 4.3 *3117 113 *7351 SIC *1351 6 0
*3:,1 6)2 a 3351 ALi *33;1 bI2 *3j51 32C *31"r1 666 *3351 433 *5327 ,13 *5J?7 61C
*5J27 61 1 45J1 1 52. *5377 6:2 *5027 5"M *5:?7 833 *5327 .01C *53?7 313 *537 302C
*5,7 6 o 51J, 7 4 l *314 3' *114 52M *0149 61 ]2149 423 *3149 313 *2149 61d
*!o.12 6] .11"n 63 *1302 b4* 1s02 3r. *1612 33 *18)2 bIC *1832 3'3 *1312 403
*1623 6' *1o2j 63 *1523 ,3: *1820 4P3 *1?3 33C *1823 61C *3428 61C 34137 60C
*437 8JC *4'1 801 *24 -7 61C *4 37 3"C 01313 318 S1313 bI3 *1313 51,3 *1313 366
#1;13 51o *1 921. .4.. *1)2) 62: 41921 30C o1913 833 *1923 40 3*123 713 * 1 ?? 3flC
*192i 30j j *1,2" b1C *1' 1. *I4S614 35 *5, 614 3,C *5b14 S-13 *5614 613 *5!14 6IC
*5614 63.3 *Sul'. *1 b c2 51 63I ?951 311B *29r1 33C *2951 513 *?51 622 *21C 51 9n3
*245.1 9).s *79S 1 4 3 02 V!I1 3: *2 )01 3 fi *91 12C4 *9 31 613 $*79l)1 3213 *i?1 6 331i
*2 U 6)C *2734 .63 02134 531 2734 303 *3-23 823 *1315 41B *3315 613 *71117 6-'.I
3145 410 *114, 33a *2145 60i *145 3B *0145 bl 333 613 *3333 313 *3.'3 60d

*32 11 t, *i321 61C *3211 t3. *201 602 *3211 11C *3211 513 *7331 323 *?231 a0C
*2 301 33. *2K)1 33L *2351 b33 *2301 6r2 *Z22 873 *i222 528 *2?12 313 *)244 306
$1244 3 iJ *3144 5C *2244 333 %0122 Sn3 #0122 633 '3122 QIC *2122 313 *2122 616
*)IIb 3 1i *Iu 61C #116 hl *116 PJ4 *011b 31C *116 3111 *3116 633 *311b6 rC
*2 116 15C *52' . 3L *5230 53 *5236 3n o *52') 333 *5233 322 *13456 33 *14 5 60C
14 56 636 *14S, 33 *1455 613 %1104 9 OB *1714 813 *1714 313 *5?12 313 *5232 6n3

* S 22 b1C *52" 611 *5212 .103 *5202 4. *3' 622 b3C *3332 6"3 *7332 313 *5117 62C
*5117 312 *5117 32s *5117 blI * 1110 O 60311] 828 33 11J 3,13 *2 113 31C *113 115
*2]112 40- ,347-1 8.s *1721 b0i *1721 803 *1771 33B *3b29 b33 *133 61. *3133 ,1C
*1133 33o 313 33L *]133 S33 *013J 613 *0133 42d *24?9 59C *l*29 513 *149? 303
,3429 I1C *347'* 513 *3433 93 *3403 .Sna *3413 618 *3433 613 *2113 313 *2912 2113
*? 402 66,* 291 3-i *5256 5 3 *5256 50C *52S6 633 *5255 S13 o5256 3"3 * ?1€ 18
*2 2j19 3JC *J 119 b63 *2219 O2 *291? 50a *2319 3C *2019 33 A#319 51C *?319 1ot
42,119 91d *312' 6'3 *3139 621 *J109 61C *21)9 a13 *1119 331 * 19 3C *3119 313
.. *1L19 33C *i1l 1 15. *1139 11" Z014 4q3 *5,12 833 *5J32 a 11 *5)32 S C *532 61d
*5532 61C *513.. 1i *5J 2 33 * 3303 56 *3523 61C *183 563 * 3 3 !b1 *1 14 SB
* 1314 61s *1314 622 *1314 63 **13 14 30b *o1". 832 43124 33 *312?4 b'3 *3124 b13
*3124 11L *l?' 43., *5545 30. *5 S4 3r3 05445 613 *?231 old *]32 313 *5312 322
*SUUZ 6)6 c * 5263 1 *45 J 2 at13 *0133 3 rb *23113 623 41133 612 * 1133 623 *3113 3 t3?
*23 JS322; *,'13 42)3L 02 * i 13 02302 bOB *2312 u j6 *2312 13 *1 156 i13 *175S3 303
;;1 756 32C *331o 6)1 *I3 1.1 kjt *2J313 13 3S13 31C *327 613j * 327 51 *3?2?7 b1,
* 3..21 b', *'2' 1 b0 *3227 691. *7227 302 *32"7 .32 *3.-Z27 413 *o'271 21a *350 b C
*3 j.,J 6% *32. 83 *1J5) t33 *30, 613 *3r)r, 33 *3301 613 S32)1 '8 *53121 v":
*3 1 b 1, *1*21 63 *1i21 Ss *27136 3 ' .2713 SC *273d 603 *2733 6IC *73 8 *c]
* ?7io 4.1 *?71 4 13 *?1'S Z'.' *773i 51C *3 13 62C * 313 6% *'338 53 *33.3 66C

'J3 81 1 *1 3 '.0L *32r7 33 *3257 5flC *32r7 633 *333) 393 *2339 113 *2339 6"
* .. 1 j3:4 4i 131., % *5317 61 1 1115 566 *1115 *13 *1115 32 0 S14 3l C *J24 62I
# 2A- 37* *52' 4 31,: *53)14 o,; ,5G04 5% *317 o3C *37212 3C * 3232 6'3 *32,12 3
S5 2:,,;2 612 Cr32' 51 *32-2 323 2 9,e 32C *3449 833 41449 32C *]449 ' *I 22 6PC
*3 2,) S61A 4! Z2 63 *1229 il1~ 0322) 321s3! 379 62 3*41 '.13 !13 *j41923 313 *1913 3%2
,1 , .3 S -2C';,4% 61 5, *1'13 SD 1 $1403 3Z *14 3%3 *143 61C *0352 513 *3352 4T;

" *31,1 50i '*51 , jS. * 1221 3; j1,)1 9nh *1n 3 -1d *_311 61C *2317 1SC *?753 65.1
*2 71J 53 #2 rL b% 6 *?r.% at1. *?75J S1C *2.7"3 71b *?73 b13 *15)3 413 *275) 4tC
a* 7153 3 1714 3)L %I124 3] *3 1 sl 03 *Ii1 623 C*413 31C *23213 a"3 *2213 -31
*3 . *13 3 1 41 4c -0k 5! 23L 3 a1 *11 612U *I*13 312C *1 L13 .1 1 *5S14 9 321 *S149 6511X
.?..27 b,.,*' *2.27 61, *2377 fJ", *?32 3r3 4*2J77 83C *?E?7 ob *?3?7 413 *1?44 1

-4*114 31- 17119 b-. *12 1 2 *1 6l * 1 '1 S3i *1221 3C *12I 11. *29 32 bj
6 12 ., "'9'. 3;0.. *?' 32 312 232 and ;T ! ' 2 113 * 327 a 33 *'327 5' *137? 5cm

M ,3 ,,7 9 3, 7 5 ,?2.1 '*.14 31T 0_"' ,14 326 CZ ,4 u1IC -32914 b23 *79"14 5"'3 *3)4 61c
0?3 4%4 :1 .31 *']2 31 1;12 43!'v z*7' 313 4- 13 '*2' 313 3 *311 6"..

*5% 51., '*J .. . *Ji . 31 *332 5 d El 1'9 3 - v'i b 14 *-,I?9 313 *-i1 9 613
I 1. K, 32j *1 '3 ). -112 7 1) -1 127 an6:11 *2' 3 l 4, 23 1i 13'4233 S1 3 * I ?3 3 ^2
Z 549 1 , *5.:4, 5. 1524" '1: 524 1 32 *14 3 933 .. 43 .']3 *2413 3-"3 ])4'6 53-,

Figure F-1. Route-commodity-mode Combinations
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CAA-SR-85-11

*.142b 3"C *3146 63C *11426 bi: 0961 6B *561)3 Boa *5613 318 41340 SIC *3543 80a
4034U bO *Z1746 bO4 *174b u') *1746 3 n *01 4 36 *3 13 4 SOC *0134 61C 03134 bILi
*0134 60 b *0 9rI 61C *li'l b13 *r 90 V.Ib *09nI 606 43501 33C *09 1 C2n *5703 66j
*0230U 63u *0270 618 *)273 30.j *C433 bOC *0'a3 3C *1433 61C *C245 8nH 402145 301;
*01245 bl1, *3Zi5 613 *334 301 4r334 613 *03!? 408 *3334 blB *334 6PC *331 60B
03ua1 31t3 *2)3 .613 *'9!.3 613 *2953 89b 029!3 33B *?953 b63 2950 41B *1714 803
1 *1724 b'h *1724 308 *1724 30 *S029 61b *5029 6!! *5029 308 *5029 8"B *3303 60C
*3333 O6C *5j5b 4 *5356 b13 *161Y bC *1819 608 01819 408 $1619 Q4OC $1819 8C
*4 32i 66d *4 02( 603 41344 301 *0344 8nis *0344 60 00112 blC PI12 8 f *3112 60C
*3112 3'1C *3112 I-L *"IIZ II: 0191o 'r0B *1918 63C *1918 623 *1918 6IC $11B 30C
*0U1 6C *160!1 b1C *IoC d1il *1601 3nC *o0'l b6M *05.71 618 *05.1 61M *?952 608
*2 5 b C *2952 61h *?9v2 q03 02952 30 *29F2 408 *5133 b1C *-133 61B *0224 8.r
*0224 30j *0224 60d *5!3 bU3 *5033 31C *5033 808 *1114 3C8 *1114 8n8 *294#0 60o
4294U 8(,4 *2943 bl 034n1 303 *3'.0I 618 *19SI 60C *2739 30B *7739 8'B *2739 6Cd
*2739 493 *1 b? I bl b232J ei *3294 3IC *32r4 306 *3204 blC *3204 6'" *204 60C
*32u4 85L $3217 60C $N211 61: $2929 3nb *2929 bO6 *2S29 80B *2929 b13 0 530 60C
*0U3 31C *015 4 60U *33')U 0C *! 133 6rC *511

r
] b8 o5319 3lC *0319 378 *0319 n6

*0319 biB *17v OOC *1..fl 3 01Z *30302 308 *3002 60B *3002 618 *2929 6M *0708 6113
*1922 3" - 1922 332 *1?22 d03 *5617 8'C *32.'3 b'C *42;3 638 21431 638 *24.1 303
*001 b.4 *0601 6o3 *1415 b1 *141! b08 *2S8 blC V268 bIi *2828 808 *3314 66C
*5u15 bIC *5b15 315 42'.12 O *07402 3P8 *2.02 6CH *1015 8)B *2749 e8 *2018 618
*2016 60. *

2
u13 303 *5o4,4 -03 *5644 80b *0324 60B *0324 3C *0.24 3"8 *3351 60C

*3027 bJC *3021 bO *3327 .1: *?21 61S *307 30B *4402 bib *43?2 308 *3439 3r3
*0257 6,16 *A501 33d *179 614 *1709 30 *1709 80 d1709 boa *?3 14 SC *3143 30C
*014 3 3u. *30u?9 bnC0 1823 301 *1623 6 OB *04n0 3Pi8 *1722 an8 *1722 308 *1722 6Cd
*0357 808 *03=7 60C *1357 6013 *r357 6"M *1949 808 *3234 339 *C-234 3rC *0234 603
*4052 60C *41952 63 *2323 60: *r97 61S *20n4 61C 02004 33C *0322 618 *3322 803
*3322 616 *1 'i 333 *1?3J b3: *02n4 8V *2024 blC *2024 31C *1332 3.3 *332 30B
*2o51 b1d *1923 601C *1923 J3J *t' 3 608 *0323 308 *3323 b1B *1834 638 1317 60C
*04144 300 *0444 bUS *3145 3C *C.345 b.e *3704 30C *3704 bOC *39,3 8rB *3933 308
*1 134 b1 *17.# 30u *1' Iv4' *r0313 3C8 *0144 303 *41,02 308 *1700 6lb *2003 30U
*233 SoC *3352 bOC *191d 613 *210l SOC 04 4 tr 3n5 *5224 30B *S214 6C *1315 8C
*1656 306 *2b04 b14 *2bl:' b12 *2b4 60C *17r0 30C *1753 338 *- 125 613 *3402 308
*3249 blC *3249 oO *19O b03 *(105 61B *01{5 6 1 C * 631 n b1,* *4514 3Md 01729 30C
*410O4 30C *l)014 613 *0441 10 O*14 30B *20419 61C *2303 3M8 *1145 3C9 *3828 60M
*3628 613 *3'j 3 333 *?J71 303 *1733 618 *0731 6)]3 *5234 330 *5234 b73 17145 30d
*4901 303 .2717 30 *I 4 3 Q-? *194b 3mB *149n4 318 *1730 3B *1110 318 *231e 33C
*1713 3n. *24 r2 3Ck a b. 4 303 *0438 bnb *2526 6Od *2733 o1B *2928 608 *0418 3fl
*3049 603 *3e24 608 *323U b03

Figure F-I. Route-coaundity-mode Combinations
(page 4 of 4 pages)
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CAA-SR-85-11

UNCLASS FIL*6,41 wiI 1).ROUirs/i riii
I 01r7 9
2 AJM 6I 61P OUP 150 7JP 66M 90P 110
3 0217 1b
.i 31o 4J9 618 3) 0 P5 3 '2JC IIC 6b V0AO0 Z02 66. 9J: 614 434 334

1711 13
4 U 664 61M ROM 8OC 4OC 7UB 20e 3DM 66C 1 5C *DC 3,,1

7 0351 12
BUM 61R 'DM ?9C 30w 61" 1IM BUM b6M oOC 7C0 668
1702 14

* 1." 61J ,C 66 66P SIC 73_ 61'4 43C SGw 404 %30 3 4 66- 11P
I 327 8
17 409 60M 2CR 618 404 IIC 2uC 66P
17 0425 12
14 113 158 30B 608 615 668 80B 66C 4oU fG" 61 20C
1 0118 10
1 IjH liC 40C 6i0 15C 53i 90C 35 659 So"
17 V350 7
18 6DM 408 80C 40C 308 15F 6bC
19 2727 7
2n  15B 70B 6b6 40C 11 4oM 6DM
21 Id17 10
212 61C AOC 309 1'6B 433 33C 43C 23C 20 F 113
2'! 0119 10
24 61.1 15C IC SOC 409 119 2UC 9OC 155 66q
25 0114 10
26 113 618 30M 60M 409 IIC 6bC 668 9UC 15C

. 27 0156 12
113 334 6DB SI 433 IIC 6JM 43C 15C 20 90r 669

*29 0120 14•30 400 66 309 618 40C 110 6UM 66C 30M 40M 1Sr 15p S04 90t
31 3352 7
3? 3U8 60'4 SOC 30C 66R 66C 905
33 0451 10
34 8JB IC 15C bLC 3)3 5B 6bC 93C 2-t 401
3V.  2 73 7
36 60C 30M 66P 60M 40M 80C 30C
37 0356 8

, 31 301 600 biB SOB SOC 40C 9U6 '08
3 '0332 10
4 . 2UC 8 80C 60M 339 61B %JC SSC 408O OC

-., 1 3317 10
14Z 8JC 6UM 308 fO8 618 90! 40B 1IC 40C 61C
43 0328 4
4 4 619 4OR 668 30C
45 1 71 10

,46 33 608 bit 11C 15C 30C 408 4C 6DO 66q
47 5217 4
4A 6U3 30C 6UC 61C
49 2l320 10
%fl 5 t 80C 618 i1C 15C 66B 15 SIC 30C 903
51 31!7 1
132 '-d 6lC 6bC ROC 6J4 iC 40C 66B 9UC 618
3 3 0256 14
54 bJ 3OC 408 iB 61C liC 1sB tuc ziC 66c so goc 15C 668
55 0151 13
56 3JB 408 i19 61B 604 S60 158 ,3C lit 40C 6LC 30C 2OC
S7 3123 9
6, 4011 118 669 80B 153 6IP RUC 30C 404

5. 204 A
0 60 809 61C 61P 70P 213C 4UC 15C

Figure F-2. Manually Excluded Routes
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CAA-SR-85-11

UNCLASSIFIUGIhVFI(1I.ROUILS/1JCLUJEIEO
1 5251 2
"' 6JC b0a

4 6,C 33- 1LC CIC 1IC
S fl2J1 2
6 *o flUB
7 5L33 6

6uB 6UC 8UU 7LC 3.23 '1.
9 ?jul 2

1'] 30C b1C
11 S.J5b1 I
12 633B
13 0218 3
14 63C 609 OUS
I , 96.1 1

17 14J1 3
1A 6bC 30B bOC
19 560I 2
29 3C 6IC
21 1961 3
22 7JC 61C 60C

2' 27,11 1231 I

0'427 9
26 6OC 60B 3CB 61C
27 520U 3
20 61C 619 30C
29 1301 1
36 3L;B
31 0146 1
32 6UC
33 0133 1
34 33C
35 3214 3
36 3uC 61C 60C
37 1.401 2
39 3j3 biC
39 fl9sz 2
4n 6UC 63a
41 0450 2
42 6JC 6,3
43 0456 ?
44 66C 3OC
4S 5bn2 146 61C
47 111 1

49 51n 2
5
,
- 303 60q
1 130i 1

6' 608

2 J3 2
59 61C 60C
Sr C0223 1
56 609
57 14U2 1

59 5bJ3 2
60 siC 61C
61 0129 2
62 6iC SOC
b3 3432 1

65 3152 1
6f 6C
67 2 151 2
6R 6 .3 3U3
0 1723 1

71 51J4 I
12 3,jC

Figure F-3. Manually Included Routes

F-8

* .. . . 4 * ..z. . ~ ~ * ... *



CAA-SR-85-11

I '0117 60L 16799.34 *011] 6Co 935.21
2 6468Z,31 2130.81
3 58764 47 i181.u5
4 58245.49 1850.59
5 55269.65 1602.S3
6 5.167.o3 la34.oG
7 72083.42 2175.dB
3 7381s.Zo 1252.52
9 E1612.55 loul.81

I] 7 9S4'a1.26 '1:H*11 817b4.75 c
1 938[0.j9 !76 .02
13 91377.82 25R8.65
1' *0117 oOM 315.37 $0117 22o 10972.15
is L1O 14757.39
Is .9.54 12SI3.C8
17 76.17 2b58*56
3 17.l5 3562.12

49.65 5170.69
1 0 10131.,44

C 4 .7 Is7 ' 62 .4 9,.2 9 . 09 7493.b2
23 2 72.17 15732.15
5 2"94.u7 7w77.55

1"1.a9 14 5e8.19
.- ,7 40117 80U 97o0D.33 *1111 8PC 1 Zi,,.5 7

Z-3 It 3.L0Q0 I 6.11'-5 2 b .527,7 654.s5
.- ., J131 5.7M 573.90

S1 1392710 451.96

S3 1'645.10 399.27.S4 16 3b 1 .51 Z4 7.27
35 23944.177 567.85
ab 169b 1I :;217.2 137 lPbt3.u2 276 ."-C
.j4 12bbZ.37 10|9.SS
. 24b'- 6. 17 75.0
43 ,0117 .3C 13717.53 *0117 2-C 61C.77
1 13129.19

.42 92,Jt49 .-

45 076 1.• - .;0

467.1,i5 772.54
47 .,O .uO

74305.38 .J0

4032.12 JO
I4 Q 9 11.2 1 .u51 5T 7, .6 .00

o2 64,'7.47 . O
!53 *'P17 33L 270a.81 *0111 3-d 61J2.31
-' '9 5o .15 0 O
4 637j.45 772 .54
5b 6997.67 l19b3
* 7 1S5d 8.29 7 ,u1
56 6668.%05 .jO
79 7975.41 kQ.0o 1 7075.58 Ad
1a 696 J,..i3 ,dO

2 S743.37 . 0,-3 12E11.4a .-JO
b 4 117846.52 .,)U
O5 1I S 7,.i3 ."0

Ob *0117 40d 2977.57 $0111 4C 1662.38
7 1C9 2 777.11t-. d . 0 ,] 388.13

09 , C 1,;02.2 3
10 .O 7 102 .42,%. I .,;C 4 iqO • 2

FgeF 12 U ii9e . JO73 .. 1,UO 5 176 .99
;74 1553.02 4 42.ul

is 3 ly2 . 13 4 S54.5 1

(pag16 b o1 4 pla1ge17 71.49 .7lb4

79 *0 117 40C 91,.13 *01 11 15C 3q4.85
83119.51 1.22.10O

"" - 16 3.o t 1 .03.89

Figure F-4. Winters Forecasts
(page I of 4 . pages)
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CAA-SR-85-11

*.n~r955.50
02 75. 41 1118.47
04 61.71 103.95
J5 93.05 913.10

96.t83 1C61.09
79.uT 137 .17

.'",8 119.be 1315.is
114" S9 61. 1709.01

9. 0ti5.25 1496.76
yi ,180.44 1b35.44

*1 *0117 bl. 187.b5 sC 11 b6. 217.95
Y3 651.20 566.15
P& 3 8.57 43.59

91 4oS.14 347.o7
90 415.42 43.29
99 397.77 600.97

101 413.t9 35.7
Iil 4C4.38 395.3o
,J2 542.36 466.63
1G3 633.46 319.o9
]b4 536.o

4  57j.99
Li5 *0117 66o 111.73 *0111 11C Z78.31
IJ6 .jO 579.18
l .l.u7.,0 347.bl
Los .io 267.43
"u9 .UO 172.6 1
110 *uO 24.49

112 .00 51.26
I3 .uO .CC
114 .'0 UO
115 ,uC ..O

117 ,uO b54.,8
Ii *0217 80b 8125.84 *02 11 6CC 969.24
119 ,uO 3766.29
12) 101J.11 2)03,19
1 I 75b. IC2 1 jj3 . 7

I.:z -10 ,32,J4

123 .20 3t29.d3
1':4 6. 14 2:)S9.9C
1.5 Z50a.'.5 3363.a7
I, b .3O - 3123.15
Id.7 .00 2319.15
1-$ 314.43 237.1.
129 IZ5uJ.1

9  3b31 .b7
1] 13o2.3' 2919.01
lIi 40217 bOs 72j.72 *0217 3CC 647.61
1.22 134.13 1C,95.79
1 3 31.2.32 1 22.33
13q 3,A.22 1107.4q
135 413.23 1.77.46
Lit 1 0.73 Ib74.6
137 1'l. 11 1472.46
h111.i8 Il02.43
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APPENDIX G

WINTERS SOFTWARE

G-1. GENERAL. This appendix presents the symbolic code for the Winters
main program (WINTERDRV5) and the Winters subroutine (WINTER5). The digit
115" is appended to each of these names only because it happened to be the

fifth developmental version that was actually used for oroduction. It
should also be noted that the executable program created from the symbolic
elements is referred to simply as WINTERDRV, without the "5" appended.

G-2. SOFTWARE LISTINGS

a. WINTERDRV5. The main program, WINTERDRV5, reads in certain model
control parameters, graph titles and axes labels, and specific routes to be
included in or excluded from the forecasting phase. For example, the
runstream WINRUNO5O/TWFI is used to develop forecasts for routes 46 throuqh
50 of the element ROUTES/LIST (Appendix D). The runstream itself is among
those appearing in the second file of the methodology transfer tape
(Appendix K). The inputs to WINTERDRV5 are as follows:

Line 1: 1 1 12 12
Line 2: .00 .05 1.00 .00 .05 1.00 .00 .05 1.00
Line 3: 1 0.5 1.0
Line 4: 34 28 31
Line 5: WINTERS' MODEL FOR ROUTE-COMMODITY
Line 6: FISCAL YEAR 1984 (MONTHS)
Line 7: CARGO SHIPPED PER MONTH IN TONS
Line 8: 46 50
Line 9: @ADD,P G4TWFI.ROUTES/LIST
Line 10: 30
Line 11: @ADD,P G4TWFI.ROUTES/OMIT
Line 12: 36
Line 13: @ADD,P G4TWFI.ROUTES/INCLUDE

A copy of the WINTERDRV5 code appears in Figure G-1.

(1) Line I contains the following inputs:

(a) KSINP is 0 if the smoothing constants are specified by the
user; 1 if smoothing constant optimization is desired.

(b) KNINP is 0 if the initial values of the model oarameters are
specified by the user; I if the initial values of the model parameters are
estimated from the data.

(c) LINP is the length of the season.

(d) LTINP is the forecast lead time.

G-1
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(2) Line 2 contains three sets of triplets used to perform the initial
coarse search for the optimum smoothing constants; subsequently, the program
automatically performed a fine search.

(a) The first triplet specifies the lower limit, step size, and
upper limit for alpha.

(b) The second triplet specifies the lower limit, step size, and
upper limit for beta.

(c) The third triplet specifies the lower limit, step size, and
. upper limit for gamma.

(3) Line 3 contains constants used in conjunction with the IMSL plot
routine USPLO:

(a) IOPT is 0 if an 80-column printer plot is desired; 1 if a
129-column plot is preferred.

(b) XZERO is the location of the first value of the independent
variable; 0.5 specifies the midpoint of the first month.

(c) DELTAX is used to define the rest of the independent variables;
1.0 means spacing 1 month apart.

(4) Line 4 contains the number of characters in the labels appearing
at lines 5, 6, and 7, respectively.

(5) Line 5 contains the generic heading for each printer plot; it is
concatenated with a specific route-commodity-mode combination.

(6) Line 6 contains the abscissa label for each printer plot.

(7) Line 7 contains the ordinate label for each printer plot.

(8) Line 8 contains indices of the specific routes to be fit with the
Winters Model; 46 50 means routes 46 through 50 from the array ROUTES/LIST
(Appendix D).

(9) Line 9 inserts all 409 routes from the array ROUTES/LIST.

(10) Line 10 contains the number of routes to be omitted from the
analysis.

(11) Line 11 inserts the routes to be omitted from the array
ROUTES/OMIT.

(12) Line 12 contains the number of special routes to be included in
the analysis.

G-6
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(13) Line 13 inserts the special routes to be included from the array
ROUTES/INCLUDE. (It should be noted that the logic intended to be used in
conjunction with lines 12 and 13 was never developed, since it was decided
to include all routes in the study.)

b. WINTER5. The Winters Model WINTER5 is called by the main Drogram
WINTERDRV5. The Winters methodology has been described in Chapter 2 of
this study. A copy of the WINTER5 code appears in Figure G-2.
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1 00 3U 17=1 ,KA
0 A t A':I 1A

I0: z $'r L

Figure G-2. Winters Subroutine
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1j. DO 2a IK:1,MI..
1 1. " I CUJUN T ;.1 CO U N I

I , JI 23'S 1L1
167 Z06 S5I1LJ:'AV4Il )

10All):~A A* iX 1)/ 6(1 * *N rMA A 1ArPLI
17-1 S~ll:..,*Ix (1 )AI1 Ia,N:13 s4

112 aHI(()K.TI1)S1 ARlrU4E4T OF S CHANGED F.43M *'tLf
1 73 E =I x I I * L 2 -XI11A I I*
I7I Do 26 1 =2, %I

1 7 ~ ILZMCD II L )
I1 IsIF f11 3) IL::L
1-17 25 AIX ):AA@(X(7)/S(I LI.CNEMAA*IAI'-11.3(I-I) I
179 Sl1IZI..*IAI I-Allil ).INM6fSIL!-I
I i2 ILLT:lL4LT
lil IF I1111 .GT. L) ILLT::ILLT-.

laXHATZIAII 2'XLT*31 I))*S(ILLT)
I i T ~26 E =j*I X ITI OLY I)- HAI) *

1.14. IF 11COUr.1' L.L * 'PRI.0TI THEN
I P' VALcirzU54wIZAA

1117 GVALIICOIIN4T ):Gr
1 1 EAL I COUNT 17E
139 NVILIICCUNTIrOUNT
I )r; ELSE IF (TCOJVT *E.. NPUINTI TIHrN

172 SV AL 1:401INT )=3P
- ~ 113 GvALV,.PkIT.TuG
411'4 EVAL I PRI'41 b=E

1.) c NVAL (NPk IN T ) NPRI NT
4191' CALL J!DE4&eJP'PINTAVAL,3VAL,GVALEVALNVALI

1 0 ELSE IF IF . E. rWAL(WAILNTI) TRE4
19R AVAL IP;ZT,T*l I=AA

2il GVALI,4PPINT*Il=GG
2jI EVALI.'JPRqT4(11
:1 Q,7 %flAL(%PRlj4 11)=1CJUNT

213 CALL 0RLEAINPCPAVL,3VALGVAL,EVALNVALI

22' IF I[ *GL. EbEST) GO 70 28
?J6 ALP H4A A

2JR GAMMA=Gr3
ZJ9 LBEST=L

211~ 2b GG=GC4UDr
211 29 bathufi3(
?12 30 AAzAA*AI-

213 03 6S5J P=1,.NPRINT
214. WP1TE(6,271 AVAL I IFPV VA1 KP, VALIKPJ),EVALIKP)
215 27 FORMATl AF1.I6XFIZJ425) Fll.'.)9 ix,El 5 7)
216 600 ComlINuF

27JlITLlb 31)COSAT AR)
219 31 FOFA~IAT fHo,1JK,'*THE OPTIMUM SMOOTHING OSAT R1
Z10 32 IF IKS .[( . 0) UTEI6,33 )

2 2,n 33 FOR-AT I IHO IO ,'THE S.MOTHI NC Cr'PSTANTS ARE SPECIFIED AS')
221 WPITE~u 341 4LP4A,JFTA,SAMMA

2?314 F3..ltAY4-3I,2EL)HA Z',Flu.4,5X,'3ETA =6FD4
223 * X AG A4MA = I FlC,.4 )
224. IF IKCYrLE *LT. 2 *AND. KS .EO. 1) CO TO IUO
2 2'C IF INI .EQ. Ul NI=L

2. 27 C FOR~ECAST 4ITH OPTIMUM S'(O0THING CONSTA4TS
2211 C

:1 2c? 0O 3u5 TL-I L
2S1 306 SIILI:SAVEd L)
2 SI ON L"A A1 -I J-AL I H&

233 ONE "G G 1 .,, -i om A
34 AI I)ALP'HA* IX I I i/ sI i j dr MAA* I AIIBOI
,t 8!. 811 )=PLTA*(A(I )-,r)*uNEM3P*PU

25' S41 I=GAA*(X61PdAi1)l).IE4Gu*Sll)
23/ F I I)=IA(IIIXLT*SUl) 0SI I I a AR~UM- 41 3F S CHANGEO F:Z3M 01.11T'

231. SS II ) =S I I
7 AFFP lI.LT):F(l)

R LI= 11.1 ):x (1T I -F 1l1

- 4", ~ S j lsZ,?I 1 1 **2
X !AC.:I L, 0? 11I

4'. IL:,MJt11,LJ

Figure G-2. Winters Subroutine
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CAA-SR-85 -11

24t IF (IL .-- 0. 03 IL7-L

a f tI 1Z8ETA*(AfTI -A ( 1-1 33J K':Md 1 *Rt1
SSlIJ~b(113

IF (ILLY LTA. 13 ILLI=ILLT-L
"I F (I )=(All I #XL*3( 1334SlILLT1

FFP (14LT 3FliI)

X-4AD=XM1&O+A4S(kRI3

5 36 StIiSC:5UMSQR( 1)**?
00 3.A6 1:1,LT

I bbFF SUI=. 0
2.'. SUM E =3. n

U-4 E2=
?.6 C START THL FI EASTINj -'4&SE

2b7 c

261) 1 L=MUP (I It-
:1' IF (IL *LE. Of IL:L~'11 37 FFP4II IA(U-LT3EL1*3Eil-LT33*lz(TL)

273 B(I :PLTA*(AIT 3-Atill *OP-EmB9s*PI-13
*274. SIIL=GAM4A*IX 413/At 133*ONEMLG*SdIL3

2 79 SSEI3:SIIL13
-7 2 1' ? ~ I 1= I I )-FFP I I

277 S UM E =5uM E +Q( I
278 38 sUmr2=SUm[Z*4l ll**2
.79 1 1 ITL(6939)

-,39 F3re,1ATI1HI,53X,'J3UTPUT OF TH4E INITIALIZAIIO4 HS'I
2ol WRlrL(b,'.r

237 4.0 F~k MAYT tI HO I X ,'P('rTJD'95W9'URSFRVATltlN*'9X,
2 0 + 'P~id4AA!NT COE.POE LNI.,2X,.TRrND.,97Xt.SEAS04AL FACTOR9,%X,
234. FIT'r MODELI,4X,IkESr3UAL*/3

2 - 11 30 750 3T=1I N'
2dSIF (T .LF. K11 Xti1=X(1-X.IAy

2 37 If (7 *GE. 1.11) FFPlII3FFP(IJ-XMAX
238 75L C04~TINUF
1!19 00'1I=i,Nl

212? + 7X ,F1Q.'.,7X,rI.2,cXvFIQ.2)

294. AVE=SUKI

296 ~ S T D = tiT(V AR I
2 97 X HA D =X riA L,/
2)P W4UTL(bL#31 SUM,AVE,VA4,STJ

2 0'43 FORMATIIH2 S, *,Sim OF 41S10UALS = 9*FIJ.2.5xAVERAGE'
X~fl * RESI')UAL Z 3XKVAHIAPJCE = ,152 IX,'SA4Q
3211 * ' LVIATION ,F102

32? hRITE(u933 XHAL
Ij! 3 FOR34ATEIH3,5X,'MEAN ABSOLUTE DEVIATION = 6102

3-15 S 0PzS T n* (-2. 1
3if, S IU ZZ. J*ST D

3.,1, IF (.ll) GT. STD . u;?. P(I) LT. STP'92 t(TR:)(TR4]

I rl .91TL(b,45) KY Q
I11 4.5 FOnMATtI1Hn 5A , ''L% OF PE-Sl.DUAL c EX(*EEDIN3 TUdO',

312 1 SIA.%'Ar)D LEVIATICS = 1913)

31'. 46 F!ZI'AT41 11 r,3K,,JUIPJT OF Fop4-CAST'.'34~ASrI1/
311; 1ITLlb,4i71LILT

' I() 47'1) MA T H', 4 ..X Lr Nr 1H OF TIL .FAS4 TS, 13,' EI IDS,

310 4 5x,'rorrA) LEAt, TIME I! ',T3,' PE 'TOrS I

4o F)M;l NAt1'1 E! T1,:,,93Sn'ATI'4 !i DtE~IM ENT C34P %ENT',
* .A'T.r ,,sASJNkL FA 1PII-X4&

+2 I juX , * I A ("' . S I C-'.1 LS' I

'1 7 jo 9 :jI

Figure G-2. Winters Subroutine
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A" ?3z I. 1 A1jS 4 1 ') 1# r, 1 4A 3

~~ '' TS:Zd'!Ad
133 Uti .,UMj4X I

3 i4 .R .I TL f5;,'D 1 1X I1)I~ Ii ,1'3II2 I )1 FP(I~,1I)vTCvT5

37? X' :N-N 1
3.:" AVj:=Suer/XN

V VA,?= :S 'L-XN,AVG3**?) /I K-I.Z;

343 ~.4. 17L4 t, S3 ) SU M IA 1VAR S TO
344 53 FORMAT11H.1 'SU' Or rUR7C4ST ERRORS,=*F~.2'1X
34'. *mf34 r rE4TC7RO4 :'~O2S , 1~44CL
? 46 Fl 2 .?, , 'S1ANJAKL DEVIATION =',FiO.2)
3,17 w RI T LI b .4 RIOS,AVZ.O

3,49 ,A,'MEIA. 3ESEWVATION :*,F1O.21

3-.)1 F P CII'ZAV G/AV U,)
3ti? F 4 A CH=ZRmt AV f,

3 ', PIT. 5, FIACM,FR&CR
311L4 !,5 F.)j4

1
.S(JHJ * 4EAN CQ) AS FqArTTOVd nF 4EA'J DBSEQVATION =9%FIO.I.

3j * S'4d'ks &.R13k AS FRACTION OF "LAN OBSERVATION =',FI3.8,)
3.)6 LNJIF

3.3 C
3 14NPLT:'J-NI

3 39 0) IS2 Y 1 4 L
369 ~ XPLT4t1ZC 7..LrLTAX*4I-Il

3 ,I YPLT II II X (41 - L. I
3b?' 'PLT(T,71:rFP1Ii-L.Ii
3: 3 630 CnNTINUr

3 -j4 4A'4vuf,)=XPL g'PLTl
'05 CALL JSnL')IXPL7,YPLT,1~j4 'PLT,2 I ITITLr 4TTILE ,iXLAbL.

3d ~ * '4XLAPL IYLAjL,IYLAL9,ANGEICHAR,IOPT,ILR)
3bf,7 P-4iNI A

Figure G-2. Winters Subroutine
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APPENDIX H

BOX-JENKINS FORECASTS

H-i. For each route-commodity-mode (RCM) that was forecast, this appendix
contains the time series for the RCM, the mathematical model developed from
that series, and the forecast made using that model and time series.

H-2. Each RCM has a monthly history in tons which is called the time series.
This series is the first item encountered for each RCM in this appendix.
Generally, time series are 84 months long, beginning 10-77 and ending 9-84.
However, due to major changes in the overall transportation program in FY 78
and FY 79, several RCMs had data during these 2 years which were incon-
sistent with the rest of the time series. When this was the case, a shortened
time series was used which excluded the first several observations. Some
data points were determined by analysis to be outliers. When this was the
case, and the data was reevaluated by the sponsor, the change is noted at
the end of the RCM. In order to simplify the usage of the data in the BMDP
subroutines, all the tonnage values were divided by 1,000; the resulting
value is the second column. If a log transformation was used, the natural
log of the monthly tonnages is also included and is the third column for
each RCM.

H-3. On the page following each time series, the first item encountered is
the differencing equation used to make the time series stationary. The
exponent(s) of B is/are the lag(s) used in the differencing process.

H-4. Following the differencing equation, the model that best character-
izes the data series is defined. Each of the parameters of the model are
individually defined by their type, factor, order, and estimated value.
Each parameter also has an associated standard error value and t-ratio value.
Next, the forecast made using the model is presented. The center column
contains the monthly forecasts in thousands of tons; the column on the right
contains the standard error of these forecasts. The final item for each
RCM is the Box-Pierce statement of validity.

. . . .
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CAA-SR-85-11
East Coast to Europe/Chill/Container

1. 13. .010
2. 39. .039
3. 2S. *026
"". 52. .052
5. 3. .030
6. 1. .031
7. 1160 .116
a. 1425. .425
9. %96. .496

10 815. .815
11. 5112. *S%2
12. 835. .835
13. 18. .1'48
14. 18. .018
15. 7. .037
16. 0. .030
17. 1. .031
I8. 35. .035
19. 344. .344
20. 443. .443
21. 412. .412
22. b3%. .634.
23. 866. .856
254. 413. .'48
25. 33. .033
26. 272. .272
27. 1. .031
29. 314. .034.
29. 71. .071
30. 112. .112
31. 259. .259
32. 907. .937
33. 367. .357

'V.. 34. 1238. 1.238
35. 772. .772
36. 583. .593
37. 57. .057
38. 51. .051
39. 26. .026
..0. 163. .IS 3
'41. 6' -4. O5'
'42. '1 . .0 tI
'43. '4 42.. i2
44. 508. .538
"5. 33.. .334
46. 727. .7?7
47. 926. .92b
'.8. 6122. .632

50. S. .038
51. 24. .025
52. 3. .030
53. 13. .013
54. 115. .115
55. 695. .695
56. 59. .5?'.
57. '462. .462

.58 '93. .493
59. 116. .716

* 60. 636. .636
61. 15. .015
62. 3. .030
63. 1. .031

..6 3. .030
65. . .030
66. 1. .031
67. b59. .658
68 735. .735
69. 1.06. .4)6
70. 951. .951
71. 872. .872
72. 388. .398

* 73. Li.Z. ,12
7-1 7'. 3.. 0)30

75, 13. .010
76. 23. .019

%46% 77. 2. .032
78. 53. .050
79. 1173. .470
80. b26. .b26

1. 302. .3)2
82. 592. .592
83. 961. .951
8., 999. .999

H-2
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East Coast to Europe/Chill/Container

TIME DIFFERENCES
121- Sq 11-B ! "

PARAMETER VARIABLE TYPE FACTOR )RDER ESTIMATE ST. ERR. t-RAITO
I TRANS MA 1 12 .8375 .0404 20.71

FORECASTS
85 10 .05121 .17357
85 11 .01215 .17357
85 12 .01650 .17357
86 1 .33945 .17357
8b 2 .1357 .17357
86 3 .03746 .17367
86 4 .3712b .17357
86 5 056691 .17357
86 6 .167s8 .17357
86 7 .77381 .17357
86 a .75137 .17357
86 9 .653b0 .17585

SUM OF 12 FORECASTS 3.73

The observed value for the Box-Pierce chi square is 20.78 with 23
degrees of freedom. This is not significant at the .05 level.

H-3
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East Coast to Europe/Freeze/Container

1. 551. .551
2. 636. .636
- 2345. 2.30.

4. 857. .8:
5o 1052. 1.uS.
6. 1386. 1.3 e6

7. 1601. bal
b. 1517. 1.517
9. 1326. 1..32b

10. 1773. 1.77.s
11. 1422. 1.422
1. 1097. 1 .L97

13. b57. .P57

14. 1311. 1.311
15. 1265. 1 .2Z-

lb. 1214. 1.214
17. 13c5 1.355
1IJ. 1113. 1.113
IV. 1566. 1.566
2c . 1574. 1 .57!4
21. 1319. 1.319
22. 12F4. 1.254
23. 1559. 1.559
24. 553. .5Si
25t 854. .654
-16. 1477. 1.477
27. 870. .370
26. 1361. 1.461
29. 684. . P
3u. 1501. 1.501
31 . 1452 . 1 .4 Cz

.S2. 14q2. 1.492
33. 1471. 1.471
34. 1523. 1.523
3 . 790. .79U
3G. 832. .b3z
37. 1161. 1.1I
3 b. 1120. 1.12U
39. 1179. 1.1 7i
4G. 96C. .96j
41. 1361. 1.361
42. 1440. 1.441
43. 13A5. 1.a8t
44. 2415. 2.415
4t. 784. .7F4
46. 936. .93u
47. 1498. 1.498
'd. 732. .732
49. 1714. 1.714
50. 955. .955
51. 846. .c4b
2. 1935. 1.9353. 1 3L8 . 1 .3 Ot

54. 1026. 1 .a 2b
55. 1688. 1.686
5b. 17C9. 1.709
57. 1103. 1.103
5b. 1414. 1.414
59. 1113. 1.113
bU. I I f. 1.100
61. 1448. 1.44d
b2. 1395. 1.395
63. 1501. 1.5c7
64. 1840. 1.64J
b5. 1479. 1.479
66. 1542. 1.542
6i. IbO5. I. b 0,.

63. 2014. 2.014
69. 1229. 1 . 29
70. 1961. 1. 61
71. 834. .d34
7.. 892. .892
73. 1278. 1.27u
74. 1131 . I1. 1 1

75. 145"4. 1.4 4
76. 1500. 1 .500L
77. 100)9.
7i,. 1('40. 1. 64u
79. 1746. 1.746
I![.,. 2 . u nu
61. 2016. 2.U1o
o.. Igr&. 1.IUo
f, 3. 14 1. 1 .4 91

,84 . 15R;2. l e

H-4
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East Coast to Europe/Freeze/Container

TIME DIFFERENCES

12

1- 8g u1-B 1

PARAMETER VARIABLL TYPE FACTOR ORDER ESTIMATE ST. ERR. 7-wATIO
I TRANS MA 1 1 -.7968 .1392 -5.72

2 TRANS MA 2 3 -.3611 .1222 -2.95

3 TRANS MA 3 5 -.3205 .1209 -2.65

4 TRANS MA 4 11 -.2352 .1082 -2.17

5 TRANS AR 1 1 -.92do .0903 -10.28

6 TRANS AN 2 12 -.2961 .1035 -2.86

F OkLCAS IS
85 10 1.4138U .37892
85 11 1.58466 .38167
8 12 1.46449 .35289
86 1 1.b2846 .o9
86 2 1.27 3 7 u .4L,609
86 3 1.65726 .4ubl1
16 4 1.77618 .4u611
8b 5 2:2108ag .4Us69
8b 6 1.1259 .Qb877
86 7 1.99C3z .4u883
8L 8 I.S5981 .416P.
86 9 1.U8 795 .49390

SUM OF 12 FORECASTS 19.2b

The observed value for the Box-Pierce chi square is 15.87 with 18
degrees of freedom, which is not significant at the .05 level.

H-5
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East Coast to Europe/POV/Breakbulk

1. 2985. 2.985 8
2. 6103. 6.103 8717I
3. 6553. 6.553 8.7880
4. 13850. 13.bSU 9.5360
5. 6031. 6.034 3.7n5b
6. 605. 6.U54 8.7 060
7. 8374. 8.377 9033J
8. 1390 .139 4 .93 4:1
9. 6197. 6.197 d. 73i0
10. 1252. 4.25, 8.3550
11. 2432. 2.432 7.7960
12. 6017. 6.017 87fd0
13. 3160. 3.160 8.0580
14. 52F9. 5.289 8.5733
i L . 298. .293 5.6Q0U
lb. 16. .01I 2.7741l
17. 1.8. 4.138 8.32;L)
18. 3228. 3.228 8.0UO
19. 1175. 4.17S 8.3370
20. 1762. 1.762 8.1680
21. 13516. 13.516 9.5120
22. 4513. 4.513 8.1210
23. 12882. 12.82 9.4640
24. 6190. 6.19u 8.7313
25. 61148. 6.146 8.7240
26. 9081. 9.6p1 9.1141
27. 7609. 7.609 8.937U
29. 3842. 3.a11. 8.25 40
29. 8371. 8.371 9.03303;J . 1042b. 10.4i2d 9.01 2

31. 10324, 10.32 9.242J
32. 517* 5.217 d.563
33. 12422. 12.122 9.427.1
34. 5139. 5.139 b.S15j0
35. 5941. .594 6.38tL.]
36. 2';1 . .251 5.5250
37. 31101. 3.401 b1320
38. 11716. 11.1l 9.316t
39. 4316. 4.31b 8. 3 7

u0
40. 3020. 3.u2J 8.0130
.1. 1G415. 41.u415 8.3050
42. 5301. 5.304 8.5760
413. 2707. 2.797 7.93bG
114. 6130. 6.13u a.7213
415. 11111. 11.111 9.310L
46. 8557. 8.657 9.0550.
17. 1761. 4.761 8.4660
41. 582. .5 a b.361J
49. 153. .153 5.0330
50. 7263. 7.Z63 1.8910
51. 4814. 1.811 8.4790
52. 6856. 6.u5b 8.8334)
53. 6312. 6.3175
54. 7716. 7.716 8.9510
55. 9991. 9.991 9.2090
5b. 9322. 9.32W. 9.11C0

• 10845. 10,.6t0 9.291
5 12098. 12.008 9.3930

59. 4 * .1423 6.0100
60. 3765. 3.76b d.2330
61. 8050. 80.0U 8.9933
b2. 3445. 3.41b1 8.1115q0
b3. 10566. 10.567 9.265(l
64. 113P3. 11.38. 9.31O
6! . 27941. 2.791 7.9350
66. 34n5. 3.405 8.1330
67. 7284. 7.28 8.8930
6.o. 11115. 11.115 9.3160
69. 7919. 7.99 8.9810
7U. 1886. 1. ,-86 7.5120
71. A l6 . .4Po 6.1fiba
72. 21R0. 2.10 7.687u
71.0 2G57. 2.6c7 7.8B50
14. 10281. t0.2 ,1 9*23i0
75. 12045. 12.0U5 9.39b0
76. 3220. 3.22ui 8.0770
77. 5n5. .505 6.2240
76. 860. .6u b.7570
19. 20. 0U2U 2.99U0
86'. 4236. to.23 8.3510
61. 9533. 9.633 9.1633
.12. 12125. 12.42b 9.471,830 S4 . 0. 9 3.99ej
811. 2176. 2.17b 7.6850

H-6

V ' ...-...-...



CAA-SR-85-11

East Coast to Europe/POV/Breakbulk

TIME DIFFERENCES

12

I- sk I1-B I

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. L*R. T-RATIO

I TRANSLN MA 1 1 -.2532 .1099 -2.30

2 TRANSLN MA 2 12 .1787 .054. 17.14

FUKLCASIS
P5 10 7.82430 1.6b5on 2.50664
P5 11 b.8481b 1.68503 6.96157
85 12 8.73609 1.6b500 b.22351
86 d 39304 1.6t,500 6.41622
86 7.9qOZ2  1.6&500 .95195
86 3 6.2nO ' 1.66500 3.b4248
6 14 7.55328 1.66500 I.V0699

Pb 5 7.92491 1.6b500 2.76532
86 6 9.11217 1.68500 9.u6494
86 7 o.6P441 1.665O0 5.91005
F6 8 6.5C233 1.66sro .b6669
hb 9 7.5579S 1.7i336 1.115 9 1

SUM OF 12 FORECASTS 97.33 SUM OF 12 ANTILOGS1UU0 48.93

.

4..

The observed value for the Box-Pierce chi square is 17.04 with 22
degrees of freedom, which is not significant at the .05 level.
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East Coast to Europe/POV/Container

1. 2185. 2.186
2. 9185. 9.185
3. 3564. 3.564
4. 2303. 2.303
5. 1991. 1.V91
6. 4069. 4.&6l
7. 7947. 7.947
6. 9705. 9.70S
9. 7592. 7.592

10. 12272. 12.272
11. 17454. 17.4r5
12. 4656. 4 .,50
13. 11209. 11 . i09l
14. 4406. 4.406
I I, 10906. I0.Vb

16. 7116. 7.11b
17. 5573. 5.573
18. 7719. 7.719
19. 6196. 6.196
ZU. 3932. 3.93221. 5911. 5091L

22. 7482. 7.4A.1
23. 7466. 7o466
24. 7819. 7.819
25. 4768. 4.766
26. 4070. 4.070
27. 4336. 4.336
28. 4332. 4.332
29. 2122. 2.122
30. 2595. 2. qS
31. 1738. 1.738
32. 3682. 3.68.!
33. 8425. 8.425
34. 9695. 9.695
35. 14546 14.b6b
S5.. 13669. 13.661
37. 3529. 3.529
38. 1888. 1.86
39. 5841. 5.841
40. 4207. 40;.01
41. 4992. 4.992
42. 4552. 1.052
43. 5999. 5.199
44. 4334. 1.334
45. 5060. 5.06L
46. 5270. 5.27a
47. 13571. 13.571
4c. 8692. 8.69-"
49. 104S4. 10.4"4
5. 6297. 6.291
51. 5908. 5.906
5, 3879. 3.679
53. 2030. 2. 3,&
54. 5140. 5.141
5, * q80. 5. 4 PI0
56. L437. 6.437
57. 6677. 6.b77
53. 11917. 11.917
59. 18027. 18.027
b., .. 11854. 11 0, bF%6
61. 11908. 11.906
62. 9218. 9021
63. 5787. 5.101
64. 2660. 2.46U
5.. 8316. 8.316

66. 9801. 9.6ba
67. 2741. 2.741
6b. 2670. 26.b7
69. 6195. 6.196
70. 19406. 19.406
71. 15241. 15.241
72. 13b39. 13.864
13. 7986. 7.986
74. 42?8. 4.2 u
7!o . 4404. 4.404
16. 7363. 7.363
77. 942Z. 9.4122
76. 10545. 10.645
79. 11954. 1 C4
80. 10376. 10.376
c 1. 6996. 60 9o

L,1 910. 4.ci16
83. 15129. 15.129
k4. 12193. 12.193

H-8
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CAA-SR-85-11

East Coast to Europe/POV/Container

TIME DFFERENCLS

1 12
1- le I1-8 I I1-b I

PAkAMETER VARIABLE TYPE FACTOR ORDER ESIIMATE ST ERR. T-RATIO

I TRANS MA 1 1 06928 *1131 6.12

2 TRANS MA 2 12 o5338 .1463 3,65
3 TRANS AR 1 1 .9729-001 .1582 .61
41 TRANS AR 2 12 -.1236-001 .1571 -.08

"F'HLCAS 15
"b 10 b.5309 426592
k 85 11 b0.42381 4. 4(L;6 3
85 12 S oS15371 4.67905
86 I S.1653o 4.8b87986 2 7.1668! ~ rL35
86 3 856J71 5.o2753
86 4 7.456U s.3i796
86 s 6.7r.825 595c318
86 6 b.47616 5.71363
ph 7 9 06 9

1 5. 5o.797n
86 8 14.89116 6.05174
F. 6 9 11.87191 6.8UI39

SUM OF 12 FORECASTS - 9 7 .Lb

The observed value for the Box-Pierce chi square is 17.31 with 20
degrees of freedom, which is not significant at the .05 level.

.3.

L".
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CAA-SR-85-11

East Coast to Europe/Amnunition/Breakbulk

1. 2713. 2.713
2. 3193. 3.193
3. 313. 3.134
' 4. 3371. 3.371
5. 7726. 7.72b
60 uo .
7. 318. .3la
S. 2627. 2.627
9. 3299. 3.299
10. 1753. 1.754
11. 1559. 1.55i
12. 909. 09
13. 2476. 2.47
14. ,1916. 1.913
IS. 4402. 4.1,62

11. 10052. 10. U S2
1d. b788. 6.4el
I 19. 5942. 5.
10. 10044. 10.U44
21. 32P5. 3.,e 9

2R39. 2o.3V
23. 4220. 4.2,j

*24. 14061. 1.c
25. 3146. 3. 1 4b
2b. 5166. 5.lPb

27. 6113. 6.11.1
Z8. 4136. 4.136
29. 29. .U 21o
30. 3533. 3.533
31. 6 27. 6.287
32. 1445. 12. 44W
33. 10847. ]O.a4l
34. 8426. 8 .4 2b
35. 13688. 13. b86
36. 4 58. 8 .S.
37. 10636. 10.536
36. 403. .403
39. 3947. 3. 47
Q. 0. .UL
41. 82R6. 8..Pb
42. 2976. 2.976
43. 3519. $. , Iv
44. 1016!. 10.165
'.5. 3515. 3.515
46. 4203. 4.O.
41. 9912. 9.912
4k,. 15643. 15.b4
49. 2. .O0C
!,U. 6532. 6.!3L
1. 2355. 2.355

52. 3S67. 3.567
53. 4018. 4.01:
54. 6682. 8468
5. 0. UOd

56. 3179. 3.1 39
57. 4288. 4.2 r
5 6 . 5228. 5. 22L
59. 2826. 2.020
6(1. 4964o 4.964
61. 2367. 2.361
62. 3078. 3..7d
63. 1. .001
64. 286b. 2o.6b
65j. 4426 . 4.4 2w
66. 0. .ucO
b7. 3240. 3 .2 4U
6b. 4014. 4 U N
69. 5878. S.t7u
7U. #376. 4.S7b
71. 0 . .UOU
12. 2958. 2.9E4,
73. 3279. 3.279
74. 2678. 2.67
i5. 61. . 6 1
76. 2415. 2.41t
71. 983. 9 FS
71,. 2444. 2.444
19. 984. .b%
b . 1713. 1.713
SI 0 7C6. n

1315. 1.315
uS. 85..
114. 6214 .b2%

H-10
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CAA-SR-85-11

East Coast to Europe/Amnunition/Breakbulk

TIME OIFFERENCLS

I

1- B 11l-6 3

PAHAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RAIIO

1 TRANS MA •1 3 .5L91 .1153 1104

2 IRANS MA 1 5 .3575 1023 3.50

3 TRANS AR 1 1 -.7334 .1026 -7.15

4 IRANS Ak 1 2 -.5286 .1268 -4.17

FGUtLCASIS
85 10 2.87897 3.4b281
8S 11 2.83919 3.537A
85 12 3.287b2 3.61766
8b I 3.3521L 3.76339
86 2 .$.U6783 3.T e%7
96 3 4.24235 3.7%do1
86 4 3.264bu 3.7b181
b 5 3.156j4 3.76194

8b 6 3.2239L 3.76999
Ro 7 3.23151 3.7c)56
86 8 3.1900b 3.76213
8b 9 3.21644 3.7b836

Sum OF 12 FORECASTS 37.55

The observed value for the Box-Pierce chi square is 21.52 with 31
degrees of freedom, which is not significant at the .05 level.

H-1
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CAA-SR-85-11

East Coast to Europe/Ammunition/Container
'.4

1. 12. .012 2,8 512. 94.. .09'% %.53'.0
3. 73. .U73 '1.29ua
4. 37. .U37 3.6110S. 115. . I 1 4.71a'

, : 127. 127 4.5470.. ,7. 208. . .Oa 5.33b 0
S. 158. .ISt 5.0640
9. 252. .252 s.53wa--. I. 102. .102 '4.b253

11. 27. ,u27 3.2S1,)
12. 330. .. 3U 5.7993
13. 98. .Uqb 4.5% pL
14 . 112. .112 4 .7 1 iv)Ilt,. 78. .u7 4.°351 0

17. 62. *U62 '4.12 U0
1b. 93. . u9.1 '4.5310
19. 73. .J73 4 .28of'U. 72. °u 72 4 .27 3.

2104 .n, •1041 4 .64u72
12. :11 15 40

2S. 114: 407
24. 62. La, 6 .1263

4...2. "P3. .483 6.1790'.", u. lice .110 4. o7 r.0
27. 175a .175 5.1653
26. 168. .16d 5.1210" . -'.2 9 . , 1 2 0 . , . 1 2 0 4. 7 A 4 JL
3u. 322. ..S.2 5-7753
31. 215. .2L 5.37oJ32. 161. .161 5.07' 0
33. '9. .u'9 3.8940
34. 428. .4 20 6 .f5fv
3S. 36. u 3o 3.t)9 0
36. 126. .12 '4.8330
37. 133. .133 , .8031
3 8. 102. .102 4.63LO
39. 287. .2P7 5.b6LJ
4C. b7. *67 4.199J4 1.-- 1 1 . UI lil 2 .4 r! , l
'42. 35, .0 3u 3.564J
.3. 170o .170 5.136
'44. 20. .6 21 2.9840
,5. 163. .163 5.0960,b. 92. .-L 9e 4.5230

- '7. 2F14 . .2'A4 5.65L0
d.. 139. .139 41 .o935

419. ZR'. .28'. 5.64b311.li . .11b 4.7513

51. 260. .260 5.56 13
52. 215. .L15 5.3710
S3. 379. .. '79 5.9371
51. 16.. .16l4 5.1fo
5b. 265. .265 5.58i,)
5t,. 259. .1r9 5.5570
57. 162. .162 5.tp 70
s, 83. . 8.s 4 .4223
"9. 176. .176 5 .16 1,j
60. 57. .C51 4.0440. . .6 1 . 6 1 : .O6h4 .. 3 W~~bQ 2 4082 4 .4V50

f,. 10'. .104 4.6460
6" . 3. .03 1.010
b6. 129. .129 4.8593
67. 31. °u31 3.4332
6 . 71. . u71 4 .2c 95
69. 191. .191 5.25LO
Ia. 66. L06b 4.19'.)
71. 82. .U U 4,.4 oql,
72. 352. .35-e 5. b C, J
73. 69. .u6v 4.2290' -. "74 643 . L ba 4o.. 22 30
7 . 99. .L99 ,.sg
76. 65. .0 65 . - ,.
77. 119. .119 4.7;1 ]
7b. 116. 11o '4.75b0
79. 133. .133 4 .80La
86. 151. .1F1 5.0160F, I 2F4.. . '4 5'.4Qb
8 2.:2 6 6 . .2 tf 5 .8 ' "13. 149. .149 5.3002
84. '.8. .4.47 3d~

H-12
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CAA-SR-85-11

East Coast to Europe/Anmunition/Container

TIME D1FFERENCES

I

PAkAMETLA VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-N ATIO

1 T&ANSLN MA 1 1 S6717 .11so 4.97

2 TRANSLN Ak I 1 -. 1139 ,1356 -2.32

PS lU 5.19881 .942on .1806fb
P5 11 P.22717 .9L372 .18625
8 12 $.2182G .93907 .18466
66 1 S.27098 .97940 .18512
8C 2 !.27011 1.n1619 .18495
Ob 3 5.2203b 1.05228 .18500

8 5.2203U 1.0b699 .18499
8b 5 5.22032 1.I 8 0 R18'99
8b 6 5.22032 1.1:,.338 .18499
86 7 b.2203Z 1.1517 le499
P6 8 5.22$2 1.21614 .18499
86 9 t.22032 1.2q633 .18499

SUM CF 12 FORECASTS 82.63

The observed value for the Box-Pierce chi square is 23.69 with 83

degrees of freedom, which is not significant at the .05 level.

H-13 .
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CAA-SR-85-11

East Coast to Europe/Amunition/MILVAN

1. 2913. 2.913
2. a. 00Oo

3. 2865. 2.865
4. 2617. 2.617
5. 209°4. 2.094
6. 3. .JOS
7. 2718. 2.1 ld
8. 2285. 2.28
9. 2656. 2.b5f.

I0. 1. ,UOi
11. 2927. 2.v27
12. 2416. 2.4l(1
1 . 31403. 3.°14..
144. 3003. 3.0OS
1s 8. °Job
lb. 2562. 2.562
17. 1023. 1.023
18. 2498. 2.48
19. 5114. 5.11

7j. 3591. 93
21. 2275. 7t*
22. 2221. 2.221
23. 2S4.0
2'. 2023. 2.02S
25. 1489. 1.489
o0 3553. 3.0553

27. 2119. 2.119
2h. 2347. 2.347
29. o5. .025
30. 2144l. 2.%PI
31. 1879. 1is79:20 IU21. l. u21

33. 2032. 2.U 32
34. 2517. 2.617
35. 1631. 10.31
36. 1272. 1.272
37. 2002. 2.002
3h. 4. . J04

39. ISc3. 1.303
,4j. 0. .• ,4l. 1751. 1.751

42. 2161. 2.161
43. 2094. 2.09f#
44. 1693. I.b93
46. 2360. 2.36U
,66 1 3 33 : 33.S

4P 1523. 1. tP23
49. 3. .004
50. 2960. 2.9ti
51. 1632. l.b32
52. 1417. 1.411
53. 1630. 1.e3U
54. 3419. 3.419
55. 5540. 5°.54
56. 3435. 3.4435
57. 3787. 3.7P7
5 . 2844. .044
59. 1963. 1 . 63
60. 2241. 2.241
61. 2338. 2.336
62. 2227. 2.227
i3. 1. .un1
t) , 1691. I.b91
65. 6097. 6.097
66. 0. .00
67. 3260. 3.26u
6,. 3363. 3.4Sf.
69. 3197. 3.197
7U. 2224. 2.224
71. 2. .02
72. 2759. 2.754
73. 3006. 3.006
14. 31444. 3.144
75. lb. Olu
76. 5926. .92
77. 6593. 6. ) q3
7,. 6(11. 6.LIl
79. 6205. 6.205
Irj. 6313. 6.313
81. 5703. 5.704
P2. 6375. 6. 375
e3. 4910. q.vlo
P14. 5196. 5.1%

H-14
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CAA-SR-85-11

East Coast to Europe/Ammunition/MILVAN

TIME DIFFERENCES

1

1- 8i Il-ki 1

PA&AMLTER VARIABLL TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RAITo

I TRANS MA 1 1 .7126 .079S 8-96

2 TRANS MA 1 6 .*4b6 .0996 1.48

3 TRANS MA 2 12 -e131 .1170 -1.17

FuNLCASTS
85 13 '.59947 1.54761
85 11 .4e3908 1.5952n
85 12 4.04264 1.65378
86 1 '.6176 1.7L-454
F t 2 q.557 G 1.7!.666

Cb 3 4.6353b 1.7690
8b 4 4.6r593 1.7b133
pb 5 4.61348 1.79353
Ah 6 4.5335, I..,566
8o 7 4.6421 .P 177Fn
8b 8 ,,.4F013 .. R4966
F6 9 4. 4 137b 1.P7546

SUM OF 12 FORECASTS 5 4q.22

The observed value for the Box-Pierce chi square is 15.91 with 32
degrees of freedom, which is not significant at the .05 level.

H-15
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CAA-SR-85-11

East Coast to Europe/General/Breakbulk

1. 2106. 2.106

2. 2468. 2.468
3. 2254. 2.2
4. 2663. Z.663
S. 3666. 3.68
6. 26.4. 2.0oo
7. 3474. 3.47%
e.. 2826. 2.b2b
9. 41V7. 4.107
Ia. 870. . 7J
11. 4210. 4.1l)
12. 1966. l.v 6b
13. 3944. 3.944
14. 761. .711
15. 19b5. 1.965
It. 79. .179
17. 1659. 1.0S9
IG. 3739. 3.739
19. 3U36. 3.U3b
2J.. 2 7Q 3  . 793
21. 3507. i.b,7
2. 2586. 2.586
23. 1036. 1.036
24. 3197. 3.191
2L. 2172. 2.172
2o. 3273. 3.273
27. 3366. 3.366
Z8. 1926. 1.926
29. 2216. 2.21b
30. 2402. 2.402
31. 1240. 1.Z40
32. 2511. 2.511
33. 2303. 2.303
34. 2027. 2.U27

818. .bidb, 4'9 3 1.493
3r. 31. 3.31b
3,. 121U. 1.e10

39. 1029. 1.U29
4f0. 2146. 2.146
41. 30S3. 3.0!3
42. 888. . bd
43. 28A22. 2. k
44. 1656. 1.b 5b
'.5. 1414. 1 .% 1'
46. 104l. 1.o04
47. 549. .S4l
48. 3617. 3.117
49. 2008. 2.uOd
50. 281. 2.b2l
b1. 26b. 26a
52. 397. .391
53. bO1. .tol
5'. 2535. 2.z35
55. 438. .434
56. 1261. 1.,Z1
57. l64. 1 .o 4e
S6". 2557 . 2.b57
59. 2136. 2.13o
60. 3823. 3. 23
bl. 3762. 3.762
b2. 3789. 3.789
b3. 3168. 3. 1 6f
64. 32P0. 3.2PU
65. 2768. 2.76b
66. 24R1. 2oqPI
67. 1204. 1.204
6h. 19!1. 1.931
6 *11 . 2895. 2.895
70. 2U73. 2.U73
71. 874. .o74
72. 27Q5. 2.I8t
73. 973. .9;73
74. 1392. 1.392
75. 3039. 3.u39
1b. 1719. 1.719
17. 38b. .5pb
71-. 3722. 3.722
79. 1267. 1.267
bU. 2889. 2.t89
81. 1596. 1.5 9

2896. 2.6%6
83. 308. .308
84. 2398. 2.398

H-16
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CAA-SR-85-11

East Coast to Europe/General/Breakbulk

TIME DIFFERENCES

1- 84. (1-8 I

PARAMETER VARIABLE TYPE FACIOR ORDER ESITHATE ST. ERR. T-HATIo

I TkANS MA 1 1 .9623 .0324 29-69

2 TRANS MA 2 5 .2591 .1162 2.23

3 TRANS Ai 1 2 .2666 .1170 2.28

FCRLCASIS

95 10 1.4276b 1.04211
85 11 2.2P224 1.08921
85 12 I.8768S 1.9034
86 1 2.46093 l.n9734
6b 2 2.37897 1.1136
86 3 2.IR46b 1.12u3
86 4 2.06952 1.1i.J75
86 5 l.1

1
IL

2  
1.12161

,A6 6 z ..10 D33 1.1.188
F6 7 2.0 13 1. 12 264
R 6 8 A.. 3Z1 11 317
86 9 2.UA61b 1.1,339

SliM OF 12 FORECASTS 24.78

The observed value for the Box-Pierce chi square is 18.82 with 32
degrees of freedom, which is not significant at the .05 level.

H-17
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CAA -SR-85-11

East Coast to Europe/General/Container

1. 378f9. 37.609
2. 73510. 73.510
3. 69400. 69.40U
4. 49498. '48.4 9b
5. 55914. 55.914
6. 69359. 69.359
7. b4379. 84.379
b. 95440. 95.44J
9. 773S2. 77. 3,2

10. 93695. 93.a95
11. 65648. 85.648
12. 74701. 74.701
13. 67325. 67.325
14. 73538. 73.53a
15. b4262. 64.262
16. 66269. 66.26
17. 61699. 61.699

10. 91637. 91.t,37
19. 766"99. 76. 69V
2j. 77530. 77.53
21. 6640. P6. AQ
2,:. eb425. 86.42.,."
2S. 91607. 91.607
24. 62266. 62.268
25. b64?7. 64.L27
2f. 79627. 79.627
i7. 74593. 74.593
I 2. 5P657. 58.o57
29. 62944. 62.V44
3L. 66106. 66.10o
31. 71314b. 71.34b
32. P6534. 86 .! 34
33. 76594. 76.594
34. 71131. 71.131
35. 76470. 76.470
3b. 69299. 69.299
37. 77769. 77.769
3j. 56129. 56.129
39. 67724. 67.72N
4L. 53093. 53.u9s
41q.4064. 6 6
42. 76674. 78 . 74
43. 70525. 70.52s
44. b1859. ?l b 59
4',. 67286. 67.28b
4b. 65818. 65.018

49. 70711. 70.711
. 4759. 614.760

51. 686n5. 68.605;2. 71811. 71 .t11
53. b4915. 614.915
54. 62282. P2.ZeZ
t! . 94601. 94.o01
56. 92448. 92.44d
51. , 702. F8. 7 C2
8th 6F558. A8.55d

59. 82347. P2.341
9u. 68937. 68.937
61. 76386. 76 .38o
62. 75482. 75.484
63. 65871. 65.u71
b4 . 76480. 76. 4 80tb 5. 7 1805. 71 . uOz
66. 9250U. 92.S Cj
67. 86263. F6.,63
68. 79338. 79.33d
69. 72621. 72 . 21
70. 65275. 65.275
71 . bli262 o 68.262
7; 2. 72949. 72.94 1
73. 81982. 01.98.2
74. 73439. 73.4 9
75. 7S4 50. 75.4 5
7b. 73401. 73. C0
77. 7b5 I I . 76. 11
7t o 90741. 90.741
79. 6776. P8.77b
1fl. 9b422. 96.42k
31. 93674. 03.b74
82. 90932. 90.9 U
83. 100I38. 100.33d
61, e7369. 8 7 . 3 9 U

H-18H-B - .- :*;**:->-:-2 '':-::..,. - 2;-
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CAA-SR-85-11

East Coast to Europe/General/Container

TIME DIFFERENCLS
1 12

1- 84 11-B 1 11-6 j

PAWAMETLR VARIABLL TYPE FACTOR ORDER ESTIMATE ST. CPR. T-iATTO
1 TRANS MA 1 1 .6480 .1217 5.32
2 TRANS HA 1 6 .1102 .0657 1.17
3 TkANS MA 2 12 .7679 .000 16.33
4 TRANS Ak 1 1 .3056-O1G .1516 .20

FORLCASTS
85 10 87.83616
85 11 85.2828b 11:U101
85 12 8Z.9247i 12.1928
86 1 77.64312 12.66264
86 2 78.1899b 13.19281
8b 3 93.9258d 13.4b25?
8b 4 9i.72638 13.72387
8b 5 10j.74557 13.97427
R6 6 92.95553 14.22315
86 7 93.69655 14.46774
86 8 95.47677 14.7 L8 27
86 9 85.7599V 15.S3995

SUM OF 12 FORECASTS z 1070.16

The observed value for the Box-Pierce chi square is 19.86 with 19
degrees of freedom, which is not significant at the .05 level.

H-19



CAA-SR-85-11

East Coast to Europe/General/MILVAN

o l1 
. 1 0 9 . . 1 0 9

2. 31. .031
3. 96. .Ub
4. 24b. *24b
5. 119. .119
6. 351. .351
7. 121. *121
8. 469. .469
9 410. .410
10. 307. .307
11 . 385. .395
12. 107. .107
13. 7U. •L U
14. 78. .67a
15. 37. .U37
16: 0O ijOO
17. 162. .162
18. 143. .14S
19. 18. .L10
26. 25. 2t
21. 572. .t72
22. OD
23. 48: •.41
2 ' . 4 9 . . 0 9

26. 15. .15
27. 755. .755
26. 28. .026
19. 390. • iJ
341. 15. .01h
31. 460. .460
32. 646. bb
33. 127. .1217
34. 105.
35. 11. .011
3t.. 63. u63
37. 8 •bUf
3c. 1 . .4.,5

39. 88. •u86
0 O. .uOu

41. 65. .0 65
42. 241. .Z41
43. 146. .14,
144. 30. .;3J
45. 102. .102
4b. 68. .068
47. 14. u.014
48. 152. .152
49. 115. .Il!
Su. 72. .072
51. 45. .045
S2. 198. .198
53. 60. .U60
54. 144. .144
55. 462. .402
5b. 88.
57. 318.
5b. 122. .122
59. 9. .uc)
bi. 101: .101

62. 13. oU14
63. 110. o110
h. 4 S. :4A
bb. 563. .) 6S
b. 27. uZ7
67. 22. .0
67. 68. . i
69. 22. .U22
7. . 164. .164
71. 22. .U22a72. 29. .u2
73. 0. .u0u
74. 132. 012
75. 219. .219
76o 146. 1 4b
77. 0. .3O
78. 72. .u72
79. 162. .162
i U. 86. b
81. 7810. .74U
02. 731. .731
83. 694. .694
84. 277. . 77
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CAA-SR-85-11

East Coast to Europe/General/MILVAN

TIME DIFFERENCES

1 12
1- 84 I1-a I i1-8 I

PARAMETER VARIAbLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATTO

I TRANS MA 1 1 .7598 .0818 9.28
2 TRANS MA 2 12 .8219 .0451 18.20

F UHCAS IS
8L 1. .32067 .2433A
89 11 .29358 .24993
85 12 .4rl111U .25632
8 1 .43290 .2b254
$6 2 .41362 .2b363
86 3 .41533 .27458
86 4 .4n913 .2a040
Rb 5 .475T 4 .42b61|
6 b .59655 .2917n
86 7 .b71a, .'718
Bb 8 48993 i(,257
e tb 9 .37155 .31635

SUM OF 12 FORECASTS 5.14

The observed value for the Box-Pierce chi square is 21.37 with 21degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

East Coast to Europe/HHG/Container

1. 3700. 3.700
2. R002. 8.o02
3. 4712. 4.712
4. 1699. 1.e99
5. 724. .724
b* 240. .z4U
7. 491. .491
8. 344. .344
9. 212. OZ12

1d. 44a. .44d
11. 609. .609
12. 525. .525
13. 520. .1,2U
1'4. 525.2

16. 361. .361

17. 347. .347
1k.. 304. .. 04
19. 356. .356
21 u. 343. .343
21. 333. .331
22. 1273. 1o.-73
23. 1247. 1.241
2q. 665. u65
25. 983. .I83
2a. 657. .657
27. 5pb. .6%

839. .039
290. 220. .22
3U. 334. .334
31. 328. .316
32. P r,. .480
33. 439. .1#39
34. 583. .583
35. 684. .168
3(. 313. .313
37. 484. .464
38. 233. .233
39. 383. .383
40. 447. .447
41. 464 . .%a%
42. 323. .323,43. 316,, .31Ib,
44. 337. .337
45. 320. .320
46. 320. .32L
47. 390. 394
88. 495. .095
49. 386. .386
5u. 26,2. .62.
51. 296. .496
52. 313. .313
53. 294. .254
b4. 255. .2!5
S. 377. .S77

56,. 321. .31
57. 269. i t y

* SdSa. 46 40
59. Z7 - .47b
60 . 341. .341
c,1. 756. .75b
62. 269. .269
63. 436. .43b
64. 695. .b9
65. 714. .7 14
bb. 573. .573
67. 48b. .8 b
6d. 317. .317
69. 372. .372
7L. 506. .506
71. 567. .56172. 871. .471

73. 575. .57!
74. 566. .56b
75. 532. .532
76. 89b. .896
77. 71 o713

7t 50 A i 03
7/9. 31b. .31b
80. 49b. . ' 9d
b1. 536. .5S7?b
b2. 696. . 6 'o
d . BAS. blP5
814. b~b. ti 7d

H-22
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CAA-SR-85-11

East Coast to Europe/HHG/Container

IIME DIFFERENCES

1- 84 (1-B 1

PANAMETER VARIABLE TYPE FACTOR ORDER ESIIMATE ST- LRR. I-R ATIo

1 TRANS AR I I .8057 f1 q 3.eRO

2 TRANS AR 2 12 -.9106-UC! .0249 -3.66

FOULCASIS
85 ..80380 .27933
F5 ..71001 .31299
85 12 .6604b .33303
86 1 .9886d .34541I
86 2 .8249 .3'322
86 3 .SIob *35820
86 If .3Q122 .3W139
86 5 .52847 .36345Rb b .5856 .3b478
96 7 .71067 .3b564
P 0 8 .88,j57 . 31.6 2 Cb6 9 .71884 .42414

SUM OF 12 FORECASTS 8.33

The observed value for the Box-Pierce chi square is 5.70 with 21 degrees
of freedom, which is not significant at the .05 level.

H-23
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CAA-SR-85-11

East Coast to Europe/CONEX/Breakbulk

1. 247. .2147
4- . :85. . 8
3. 0. .U0

S. 0. .CiDOO
6. 0. . ULu
7. 85.

• O0 .,Ou
9. 0. .600lu. 608. 60

II. 0. UOU
12. 11. UIh!
13. ,58. .) b
14. 19. .u1,
15. 0. .COU
It,. 0. 0000
17. 70. .L7U
1. 0. eOj
19. 81. .U812

" • 0. .0OU
21. 64. .L64
2z. 31q . .114
23. 271. .,z71
24. 874. u7%
2L. 1309. 1.309
2b. 533. 34
27. 2800. 2.aOu
20. 0. .u0u09 . .uUfi
3c. 103. .103
31. 0. .aC
32. 0. oOO
33. 101. .101
3'.. 1426. 1.42b
3S. 0. .L00
3t, . 1432. 1.'472
37. 631. bh31
3b. 0. udqO
39. 87. U81

40. 44. .*44
41. 27. .U27
42. 128b. 1.206
43. 8.
44. 0 . .U O
45. U. .0O
46. 324. .324
47. 0. .,OO
48. 874. a74
49. 64. -4
50. 753. 7!,.
51. 0. .000
52. 0. .,0

192. .192

55. 192o .Iqz
56. 96. .E96
57. 486. .486
53. 3;24. .32
5. 0. .ULU

u. 87'. .o74

H-24
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CAA-SR-85-11

East Coast to Europe/CONEX/Breakbuk

TINE DIFFERENCES

1 12

1- 60 £1-a 1 I1-d I

PARAMETLR VARIABLL TYPE FACTOR ORDER ESIMNATE ST. LRR. T-RATIO

1 IkANS MA I 1 *9546 .0387 24.64

's" 2 IRANS MA 2 12 .864DSb6l 13.08

FOHLCASTS
85 l .20073 .644423
85 11 .0'S788 .64489
85 12 .13654 .64555
86 1 -.15229 .64622
P6 2 -. 12203 .64688
86 3 .00375 .64754
86 4 -.0757a .64820
8b 5 -.14438 .64885
8b 6 -.07561 .64951
86 7 .43589 .65317
86 8 -.13367 .6bJ83
86 9 .21791 .6o117

SUN OF 12 FORECASIS = .34

The observed value for the Box-Pierce chi square is 16.21 with 21
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins 10-77.

H-25
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CAA-SR-85-11

East Coast to Europe/CONEX/Container

1.1

3o 253. .253
1. 57. *Usa

5. 271. *. 71
6. 676. *b2b
7. 376. .376
6. 835. b 35
9. 202. .202

Ic. 237. .237
11. 217. .211
I1. 225. .225
13. 225. .22!x
14. 124. .124
15. 92. .U92
16. 104. .I 4
17. 293. Z93
1o. 367. .367
19. 3A2. .382
2a. 916. .91b
21. 204. . 0%
22. 22b. .226
23. 134. .134
4. 137. .137

2 . 302. .302
26. 270. 7u
-'7. 113. .113
2 . 110. .110
29. 32. .U32
AL. 226. .226
31. 457. .457
32. 135. 0135
33. 60. .dj
34. 87. .U87
35. 205. ,!1%
3t,. 2?4. .224
37. 505. . 00
3e. 299. .299
3,. 107. .107
40. 399. .399
41. 187. .187
42. 315. .31s
43. 289. .289
44. 162. .16245. 515. .515

4b. 759. .7E9
47. 161. .lb
48. 578. .57b
49. 534. .534
S1. 333. .333
bI. 330. . 33
52. 316. .316
53. 363. o363
54. 365. .36t
55. 746. .146
5L,. 377. .377
57. 514. .514
5b. 513. .S13
59. 372. .372
6f0. 447. .%All!: 339. .339
63. 245. .2 4
64. 366. .36u
65. 292. .292
6. 6R5. b as
67. 308. .308
6 (. 639. .b39
6,. 336. ..)36
7u. 257. .257
71. 4 1U. .qlj
72. 514. .514
7A. 500. .50d
14. 413. .413
75. 261. .261
76o 546. . 54b
17. 738. .7367 , 6rg. .6p9
7,). 5t44. ob 4
Sri . 328. ,32d

.2. 573. .573
b ! 306. job

84. 793. .793

H-26
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CAA-SR-85-11

East Coast to Europe/CONEX/Container

TIME DIFFERENCLS

1 - 8'. ( 1-8 I

PA&AMETLR VARIABLE TYPE FACTOR ORDER ESTIMATF ST. ERR. I-RATIo

1 TRANS MA 1 1 .9C34 .04485 I.62

2 TRANS MA 2 12 -.28a1 .1103 -2.61

FGRLCAS TS
F 5 1 , 4933b .1968n
fb 5 1 .4400O1 .1IV771
85 12 .42994 .19861
86 1 .49963 .19951
96 2 .563149 *2LU340
86 3 .49342 .?L129
si6 4 .51561 .2L218
P6 5 .41711 .2U30b
11~b 6 *Q893LU .2J394
bb 7 .51873 .2L482
V b 8 .4301i *2L5-q
86 9 .47375 .219C5

SUM Of 12 FORECASTS 5.1

The observed value for the Box-Pierce chi square is 24.02 with 33
degrees of freedom, which is not significant at the .05 level.

H-27
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CAA-SR-85-11

East Coast to Europe/Special/Breakbulk

1. 13U84. 13.o89
2. 9660. 9. 66
3. 13071. 13,U71
'4. 9468. 9.466

3. 8942. 892
12. 10877. IO.o77
7. 1339 18.389
8. 1393U. 13.94u
9. 21679. 21.67.

1u. 114n7. 11.407
17. 13657. 13.t57

S 1988. 9.0
13. 117. 18.689

15 19534. 19.534
2.. 12rnl I . 21J1
17. 13175. 13.1 75
IL. 16092 . 18.U 52
19. 941 . 9.444
z0. I' 12. 30.69o
;?1 -" 173 00 1 0 6
2 '. 13176o. 13.7b
3,. 11614. 1 1. , .31
21. 2 85. 29.40!
35. 13935. 13.935
36 . 16226. 3b.2.6Z 7. 2116'. 21.165

3a. 35897. 30.b97
29. 4II87. 11.607
30. 11561. 11.561
31. 11528. 11.529
32. 16937. 169i6
3. 1 036. 17.3 3b
3. 19897. 19.097
35. 4387. 4.187
3 . 11255. 11.255: "37. 2 64C7. 26.40de

•3. 20296. 26.29)
39. 23696. 23.b9b
46. 10206. O.Ob
47. 12075. 12.U 7!)
48. 13176. 13.17b
41. 1396. 13.95b
40. 10249. 20.249
45. 15390. 15.191
46. 901. 9.011

47. 66125. 6.b5

C'. 11731. 11631

56p. 120. 12.82U

b0. 140S2. 149.652

51. 8186. 8.18
Sb. 5997. 5.99153. 4lS5. 4 .I SS5
! 4. 19.726o* 10 .7 2b,

55. 3591. 3.5915b. 120.9. 12.009

57. 1218. 12.188
" , 51. 1 5997. 15.99759. 9172. 9 .17i:

CU% . 11152.• 11.15
b I137'R :. 13. 7,qi.
62. 674 .* .744
63. 11538. 11.538
64. 13403. 13.403
65. 7691. 7.691
66. 111t9. 11.15v
67. 11593. 11.h93
6' 8. 15479. 15.47)
69. 12629. 12.629
70. 20194. 20.194
71. 16667. 16.667
72. 44232. 44.2U
73. 4174. 4.174
74. 17479. 17.479
16. 22788. 22.778
76. 7150. 7.150
77. S52. 5.b fl
7ts. 34176. 34.12a
19. 40529. 405219
eo . '34 9U. 4 3.4'KJ
b1. 14066. 14.06b
b;!. 124A8. 12.4Fd
8 1.. 17984. 17.9F-4
b4. 29746. 29.146

H-28
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CAA-SR-85-11

East Coast to Europe/Special/Breakbulk

TIME DIFFERENCES

1 12

1- 84 Il-B I (1-b

PARAMETLR VARIAbLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WAITo

I TRANS MA 1 1 .7684 *0806 9.54

2 TRANS MA 2 12 .7749 .047q 1b.34

3 TRANS AW 1 3 -.2305 .1218 -1.85

F0kLCAS IS
85 10 2-.76371 9.9b81A
8! 11 25.55637 10.23423
8", 12 2b.21751 10.23923
86 1 1b.9400b 10.3d502
86 2 15.3n5q5 Ia.5 88
86 3 24.1n583 11.76674
86 4 25.6p155 flr.9'bl6
R6 5 29.4P382 11.1t)131
86 6 23.614 7 11.21625
8o 7 21.9 7 64o 11. 3 u39 4
Pt 8 2J.5572d 11.5973
86 9 3J.06114 12.1 956

SUM OF 12 FORECASTS 285.1b-

The observed value for the Box-Pierce chi square is 13.55 with 20
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

East Coast to Europe/Special/Container

21. .u21
3. 100. .100
'4. 115. .11!
5. 208. .200
6. 124. .1241
7. 59. .U59
8. 324.. .324
9. 71. .U71

1o. 303. .303
11. 533. .533
12. t7. .u87
13. 74. .bT1,14. 26. oL2u
15. 56. .US6
16. 109. .109
17. 53. :U!3
I1. 218. Z1u
19. 173. .173
,0. 155. .155
21. 174. .174
22. 129w
23. 270. :270
24. 90. o1UCP
25. 246. .24b
26. 322. .322
27. 212. .212
28. 352. 352
29. 444. 444
3L: 206. .20b
31. 92. .92
32. 490. .49U
33. 182. .182
341. 164. o164
3!6. 451. .451
3b. 760. .766
37. 194 j943L. Ins8: 'god
39. 639. .639
4L0 280. 0.21.
41. 272. .27Z
,Q2. 269. .269
43. 134. o13.
44. 863. .6
4s. 216. .21
4b. 249. .249
47. 103. .1(.3

. 279. .279
49. 123. .123
50. 385. .S8!
51. 199. -199
52. 106. ,au
53. 128. .12b
511. 282. .282
55. 215. .21
56. 218. .21h
57. 187. .187
5 b 1n9. 109
59. 377. *377
60. 96. *u9b
61. 400.~ .4O
62. 84. 84
b3. 68. 6b
64. 186. a18b
LS. 8. .1
6b. 164. .164
67. 1A3. .183
66. 136. .13b
69. 165. .16
I0. 179. .17v
71. 118. .11t
72. 351. .351
13. 208. .200
74. 178. .17,j
75. 195. .Iq
76. 266. .2 bb
77. 251. o rl
7t. 424. .424
79. 237. .237
60. 278. .27c
bI. 431. .431
82. 327. .27
e 3. 674. .. 74
b4. 270. .e7U

H-30



CAA-SR-85-11

East Coast to Europe/Special/Container

1IME DIFFERENCES

1 12

1- 84 (1-b I 11-ti I

PAxAMLTE VARIAaLL TYPE FACTOR ORDER ESTIMATE ST. LRR. T-RATIO

ITRANS MA 1 1 .82b3 .(671 12.34

2 1RANS MA 2 12 .8436 .n503 16.76

F ULCAS|S

R! io -29634 .18766
FS 11 .27316 .19333
85 12 -31522 .1 296
8b I 326CS .11i56
86 2 .34542 .19812
86 3 .35704 .2L@65
86 4 .27483 .2L314
Sb 5 -b956 .?L5(l
8t 6 -31882 .2L605
Pb 7 .3779a .2196
F1 8 -55533 .212b4
P0 9 .37134 .2z132

SUM OF 12 FORECASTS 4.2b

The observed value for the Box-Pierce chi square is 21.17 with 21
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

Europe to East Coast/POV/Breakbulk

1. 8136. 8.13b 9.0040
2. 12349. 12.349 9.4213
3 4814. 4.614 8.4790
4. 5708. 5.70ki 8.65uO
5. 5885. 5.6 .°b6FUO
o. 5836. 5.t3o 8.6720
1. 6592. 6.592 87940
8. 14649. 14.b49 9.5923]
9. 11992. 11.992 9.39k0
10. 12015. 12.u1 . 9.3940
I I. 1C994 . 10.995 9.3r50
12. 7265. 7.265 6.8910
13. 7016. 7.0lb b. Sfj
14. 10160. 10.16J 9.22o0
1!;. 6819. 6.b619 8.8210
1. 7892. 7.92 b.9740
17. 469. 4.693 8.4540
IL. 6878. 6 67b b.83vO
19. 13513. 13.513 9.5113
20. 120S6. 12.5o 9.3970
21. 14272. 14.272 9.56d
22. 11539. 11.539 9.3530
23. E045. 8.U45 6.9933
24. 6418. 6.41b 8.7b70
25. 9479. 9.47" 9.1573
26. 8915. 8.915 9.0950
27. 7326. 7.32o 8.8990
2b. 7247- 7.247 8.8889
29. 6666. 6.b66b 8.8053
3j. 9115. 9.115 9.11811
31. 10267. 10.267 9.23.3
32. 16815- 16°o15 9.73uD
33. 21540. 21.54u 9.97ot
34. 12403. 1 2.4n3 9.4260
3 4Q9. 1149 .4-F9 9.3491

3.L P8A4. 8.664 9.09UO
37. 8459. 8.459 9 .04-3

7178. 7.17o 8.6790
39. 6476. 6.47u 8.77b]
4U. 54i 4. 5.4 4 6.blLO
41. 3394. 3.394 8.13L!.
q. 11443. 11.443 9.345]

.. 43. 11957- 11 .' 1r-5 9.3899

44. 8424. 8.,124 9..]39.]
45. 16812. 16.o

1
2 9.73%3

4,,. 124 02. 12.40R 9 .4 6]
41. 8443. 8.443 9.04 10
4.'-. 5734. ):]14 b.6540
49. 23?1 . .121 7.750
5L.. 9990. 9.990 9.2,90
51. 7816. 7.816 8.96'43

. 6279. 6.27 8.74 5!0
53. 688. 6.l88u .836u
54. 10128. 10.12o 9.2231
55. 7237. 7.2!7 8.881)
bu. 11001. 11.001 9.310o0
57. 14404. 14.404 9.5750
56. 7646. 7.b4b 8.9423
59. 61q4. 6.1 . b.7

3
L0

('0. 7304. 7 .JC4 8.8963
61. 4565. 4.565 8.42b0
t-. 10676. 10.670 9.27b]
63. 4389. 4.389 HM
C4. 6433. 6.433 8.7690
05. r723. 5.723 a.652]
6b8. 52Q2 * 5.292 s.!7 40
bI. 10825 1 .o22 9.2893
6 . 9623. 9.b23 9.19 ,
69. 13955. 13.Y5 9.544J
70. 5633. 5.b'3 8.63,J
71. 7483. 7.4A3 d.

9
'u,0

I2. 46f,8. 4 .oDo 8 .4 7 b A
73. 3618. 3.61 8.1940
74. 69n 1 . 6.901 d.8390
75. 5689. 5.689 8.64uJ
76. 5403. 5.4 3 o ,5 5i
17. 3610. 3.blJ 8.19. 3
iL. 5153. 5.13j 8.5470
7'. 9698. 9.698 9.1PLO
SU. 6e49. 6.149 8.83,JI- Rl 1 36 2. 18 . 3 ,e 9.8 16 1

82. 12073. 12.o73 9.4F,3fl
9.. 7716. 7.71b 8.951.3
814. 7995. 7. 99! 8.9810
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CAA-SR-85-11

Europe to East Coast/POV/Breakbulk

TIME DIFFERENCES
I1 124- 8 1-8 1 41-6

I

PAkAMLTkL VARIAiLL TYPE FACTOR ORDER ESTIMAT ST. ERR. T-wATIO
I TRANSLN MA 1 12 849 .fl435 19.55
2 1RANSLN R 1 1 -. 7273- .0986 -7.37
3 TWANSLN Ak 1 2 -. 5119 .0962 -5.32

FORLCASIS
85 10 8.74S84 .35368 6.284q9
R5 11 4.1)622 .36723 9.U1117
85 12 d.89382 .*s1s 1.00108
eb 1 8.77874 .44804 6.49469
Rb 2 b.583,16 .41675*1 bo3416U
H6 3 8.94495 SoU021 I.66906
8b e 9.14231 .5&038 9.342A-
86 5 9.40349 054a43 12.13C64
Fb b 9.6R77b .Sbin 1611i91J
8b 7 9.34351 oSb343 11.42444
86 8 9.17464 .bu243 9.b4929
86 9 b.92574 .64703 7. 2315 N

SUM OF 12 FORECASIS = 108.b9

The observed value for the Box-Pierce chi square is 23.24 with 20
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

Europe to East Coast/POV/Container

I . 39. .039
2. 226. .22b
3. 283b. 2.d3,
4. 1495. 1.95
5. 439. .439

b. 297. .297
7. 588. .5P
b. 610. .610
9. 3015. 3.b f
10. 3047. 3 .U47
12. 641. b0l

13. 13l7. 1.307
14. 244'.. . .
15. 298.. 2 ,
IL. 135. *135
17. 368. .36b
1b. 401. .4l
19. 363. .363
26. BS9 .b9
21. 805. 695
22. 1IC2. 1.102
23. 7q3. .Tr C

*- 24. 565. .565
25. 6,3. 3
2b. 706. .7Cc
27. 793. 7 ga
26. 71.6. 74b
19. 603. .b03
30. 6141. .41
31. 812. . 4,e
32. 39?0. 3.920
3S. 1'4S7. 1.457
34. 1480. 1.481
35. 432. .43:

3 . 1 31. 1.131

38. 703. .703• , .v. 350. 0%

'i. 1881. 1.881
41. 708. 70 6
42. 817. L11
43. 996. .996
44. 1435. 1.'3.
4S. 2331. 2.331
46. 1969. 1.969
17. 2211. 2.211
1.8. '861. 4.b61
1.9. 37r9. 3.709
5di. 2528. 2.!2a
51. 595. .595
52. 576. .7b6
53. b1.. .64

t
U

54. 983. .983
55. 842. .b4.Z

,:,56. 10 1.I 1.081

!7. 3301. 3.30l
58. 3386. 3o3Pb
59. 35R7. 3.587

N 61". 1827. I.b27
61. 2588. 2.526
62. 1561. 1.Sfl
63. 1727. 1.727
64. 94. . 9 44
65. 1467. 1.@67
66. 2343. Z.3.3
1b 7. 25F6. 2.58b

66. 51 8. 5.18f
69. 1675. 4 ° U75
70. 619.. 6 .194
71. 4107. 4o1V7

" 72. 3071. 3.21
73. 4671. 4. b71
71. 1959. 1.9S9
75. 1639. 1.639
7 6. 1703. 1.7es

4. 77. 4173. 4.173
7 7s. 1722. 1.722
79. 1716. 1.74
& . 3232. 3.2 2
' 1 . 24h9. 2 o469
6,2. 1376. 1 .J7o
83. 1181. 1.187
L4. 3611. 3.611

H-34
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CAA-SR-85-11

Europe to East Coast/POV/Container

TINE OlFFERENCLS

1 12

I.,1- 846 £1-b I £1-b I
iI-

PAkAMNTER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIo

I TRANS MA 1 1 .9091 oOSgb 15.51

_. 2 TRANS MA 2 12 .7715 .0739 10.52

3 TRANS AR 1 1 *334e .1260 2.66

4_ TRANS AW 2 12 -. 1772 .1323 -1.34

FOiLCASIS
85 10 .°O083b 1.29297
P5 11 M 25 1.2243
8!; 12 2.46005 1.33763

I .4 1 Me 1.3'.4CR
Rt, 2 2.51394 1.3t435
Beb 3 2.671 ,b 1.3L92"
6Rb 4 2.7483b 1.37186

66 5 3.9213b 1.3842
SPb 6 4.u183 7 1.3I791
A 6 7 4 .4523d 1.4U732
8b 8 3.7'377 1..o67
SPb 9 3o5M717 1.463310

SLM OF 12 FORELASTS - 38ct

The observed value for the Box-Pierce chi square is 19.99 with 19
degrees of freedom, which is not significant at the .05 level.

* I. --

..

H-35

'-2,



-. CAA-SR-85-11

Europe to East Coast/General/Breakbulk

1. 1582. 1.582
2. 899. .899

839. *839
4. 6?5. .625
5. 653. .653
b b. 214. .14
7. .503

-" 9. 221. .221
10. 823. .121
II. 187. .187
12. 92. Qe
13. 253. .5
14. 61. A6
15. 153. .1S3
1b. 80. *P9
17. 200. .. Od
1b. 681. .6H
19. 536. .5 3

.0. 508. !0Od
1. 559. .55*
-2. 441. :*41
2i. 153. .153
24. 619. .619
25. 298. .296
2b. 356. ,.5c
27. 195. .195
28 106. .106
;:9 . 4410 .441

JU. 268. .26a
31. 263. .Z63
32. 115. .11t
33. 88. b 8
3'. 47. .047
35. 4R4. .4P4
36. 313. .313
37. 565. b6b,
.b. 1411. 1.411
39. 22. ,U?7
4L:. 325. .32,5
41.o 4'. . U 44
42. 235. .23!
43. 323. .323
44. 46. *U
45. 168. .,I6b
46. 477. .477
47. " tO
48. 31 .U 1
49. 225. .225
50. 146. ,14o

2. 94. .94

54. 44.L
bs. 47. d47
56. 432. .432
57. 728. &72b
58. 1 . LJOI
59. 396. . 3

9b
60. 762. .762
61. 53C. .5 3
6Z. 474. .47..
63. 2E4. .2 F,
64. 200. . CU65. 11,2. 1 rz
bb. 529. .529
67. 618. b6
6b. 292. .Z92
69. 72. .672
"7.j 227. .227
71. 118 . I a
12. 128. .12b
13. 451. 0!-
74. 79. at 79
75. 46. .b4
7b. 535. .535
77. U6

7C,. 24. U 5
8U. 670. .67U
81. 279. .,,79

N. 8. 505, .505
63. 351. .51
84. 574. .574

H-36
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CAA-SR-85-11

Europe to East Coast/General/Breakbulk

TIME DIFFERENCCS

I

1- 84 l-a I

PARAMETER VARIA8LL TYPE FACIOR ORDER ESTIMATE ST. ERR. T-RAITIO

I TRANS MA 1 1 .751 .059 12-60

2 TRANS MA 2 12 .3045 .09143 3.23

FQRLCASIS
P5 10 .26250 .3e282
F5 II .37*25 .33189
85 12 .4fS09 *3'072
86 I .27i .34933
b2 :42R87 .35773

86 3 .3171b .3t594
86 4 .39151 .!7397
8b 5 .217ab .341183
8b 6 .34725 .lb953
36 7 .202.19 .39708
eb 8 .33071 0i~.44 9
86 9 .3211b .4L491

SUM OF 12 FORECASTS 3.S5

The observed value for the Box-Pierce chi square is 21.84 with 33
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

Europe to East Coast/General/MILVAN

1. 1207. 1.201
Z. 2296. 2.,96
3. 272%. 2.724
4. 456. .5!
5. 2251. 2.2516. 1:36. 1.33
7. 318. 1.313
6. 1117. 1i1t7
9. 202. .202

10. ?443. 2.443
11. 1931. 1.931
12. 466. .46i
13. 978. .973
14. 34. .. 34
15. 1167. 1.167
16. 114. .o114
17. 3. .203
18. 141. .141
19. 625. .621
23. 465.
z1. 553.
22. 1358. 1.351
23. 392. .392
24. 869. .860
25. 536. .53i
26. 567. .567
27. 515. .51
28. 409. .4O)
29. 1141. 1.141
30. 1015. 1.31-
31. 173. .173
32. 522. .522
33. 87. .87i
34. 893. .893
35. 706. .70S
36. 3. .03
37. 621. .b21
38. 921. 092t
39. 45. .04i
40. 73. .57S
41. 526. .52!
42. 287. .281
43. 2467. 2.461
44. 94. .394
45. 97. 091
46. 452 * 145
47. 863. .863
4. 65. .365
49. 308. .301
50. 284. .284
51. 96. 0396
52. 394. .39453. 139. .13)
514. 14h. .14i
55. 88. *l3
56. 375. .37i
57. 605. .60i
58. 0. .J03
59. 43. :043
bo. 654. .b 4
61. 599. .59?
62. 2293. 2.295
63. 1419. 1.41)

64. 138. .133
65. 1327. 1.321
66. 276. .275b 7 . 2 3 :2
be. 2
b9. 1443. 1.4370 . 199. .19)

1491 * 1491

73. 23. .523
74. 2513. 2.513
75. 1056. 1 a p76. 256. 25)
77. 776. .77
78. 457. .451
79. 597. .597
B13. 1064. 1.364
al. 1505. 1.50i
h2. 2461. ?.461
83. 3553. 3.55S
84. 2743. 2.745

H-38
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CAA-SR-85-11

Europe to East Coast/General/MILVAN

T[ME DIFFERENCES

1 12

1- 8 1 (-8 1 I1-b I

PARAMETER VARIABLE TYPE FACTO ORDER ESTIMATE ST. ERR. I-RATIO

1 TqANS MA 1 1 .6386 .1434 4.45

2 TRANS MA 2 12 .7992 .Oqb 17.94

3 TRANS AR 1 1 -.5360-001 e171% -.31

FORECASIS
5 10 1 8 35185 11 2 A528r 1;SI

85 12 2.01701 1.10085
R6 1 1.02135 1.149,6
86 2 1.8n26 1.19418
86 3 1.27655 1.23R21
86 4 1.56724 1.2b072
86 5 1.4n24Z 1.32197
8b 6 1.51153 1.3b178
86 7 2.10396 1.40355
86 8 2.36292 1.43328
8b 9 1.40481 1.52899

S1_14 Ot 112 FCJECASTS

The observed value for the Box-Pierce chi square is 30.23 with 20
degrees of freedom, which is not significant at the .05 level.

H-39
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CAA-SR-85-11

Europe to East Coast/HHG/Breakbulk

1. 117. .117
2. R5. .U"
3. 269. .269
14. 91. .L91
5. 46. .046
6. 97. *09b
7. 173. 1 7J

,. 8. 85. .8

9. 19R3. 1:963
10. 343 8 3.4 3o
11. 24P3. 2.483
lI. 2411. 2.4,11
13. 1811. 1.U11
14. 51b. .5 lb
15. 2933. 2.93S
16. 774. .774
11. 1547. 1.547
lb. 2876. 2.' 7b
19. 1074e. 1.074
20i. 237.
21. 339 :
22. 2u56. 2.jSb
2!. 4935. 41.935
24. 761. .761
25. 2513. 2.13
26. 1823. I.b23
27. 962. .9f,
2h. 388.
29. 1375. 1.175
in. 2897. 2.a91
31. b82. uU
32 . 1122. 1.122

33. 2723. 2.723
34. 351U. 3.5bI
35. 2730. 2.73d
36. 1459. 1.59
37. 1395. 1.395
36. 180]9. 1.09
39. 2241. 2.241
43. 1630. 1.3U
41. 1456. 1. 45b
42. 1334. 1.334
43. 1165. - 1.165
44. 1188. 1.18d
45. 2625. 2.b25

46. 816.
S7. 13 4." 1.334
S4. 1993. 1.993
49. 1312. 1.SIz
5[1. 1553. 1.553,
51. 1474. 1.47?4
52. 1381. 1.381
53. 855. .bS5
54. 3358. 3.3S*
55. 1896. 1.890
56. 988. .V8
57. 869.58: 399: 1:14
59. 2859. 2.u59
61oI 1915. 1.91!)

b1. 6614. .664
b2. 729. .729
63. 2311. 2. 11
b4. 1310. 1.3I
65. 942. .9142
bb. 2227. 2.221
67. 937. .931
6A. 2456. 2. 5L
b9. 1142. 1 . 14-4

73. 3 4 45. 3.445
71. 2344. 2.344
72. 3586. 3. 86

H-40



CAA-SR-85-11

Europe to East Coast/HHG/Breakbulk

TIME DIFFERENCES

1 12

1- 72 (1-B I 1-0 1

PARAMLTLR VARIABLE TYPE FACTOR ORDER ESTIMATE ST. jRR. T-RATIo

I TRANS "A 1 1 .67o5 .1100 6.10

2 TRANS MA 2 12 .8465 .0522 16.21

3 TRANS AR 1 1 -.3121 .1388 -2.25

FOULCASTS
P5 0 1.77057 1.17524
85 11 1.19663 1:23539
85 12 1.61731 *24.419
86 1 1.23615 1.36010
86 2 1:2,.01 1.33259
8b 3 2.01 13 1.3#5o4
86 4 1.31177 1.3 P652
eb 5 1.51513 1.4Z737
06 6 2.64r)95 1.45755
b 7 3.33454 1.46712

86 8 3.15141 1.51611
96 9 2.o3463 1.56891

SUM OF 12 FORECASTS = 23.b

The observed value for the Box-Pierce chi square is 18.62 with 20
degrees of freedom, which is not significant at the .05 level. The model
was built on data beginning at 10-78. The tonnage value for month 08-84
was changed from 0 to 2344.
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CAA-SR-85-11

Europe to East Coast/HHG/Container

1. 667. .661
2. 690. ,b9
. 3'49. ,349

4. 597. .597
5. 1442. .4
6. 668. . t, 6b
7. 318. .31d
8. 568o .56a
9. 517. .b17

11. 25. .2b

12. S5. .5z
1. 667. •b61
14. 667. .661
1:) 667. ob67
lb, 667. , 61
17. 667. .667
18. 142. 42
1,. 126o :i2b
io. 35hi , cs
21. 280. i R0

226. .2,-t
23. 331. .331
,14. 983. .989

25, 591. o 91
ib° 915. .915
27. 900o .gry
;'8 . 201.1oi
29. 373. S73
3L. 274. .274
31. 204. .i04
32. 403. .403
33. 920. .923
34. 1639. 1 t,39
3b. 1118. 1.11a

3(. 543. o543
37 530. .53J
3.5 763. o763
39. 442. o442

4. 443. .443
41. 401. .401
42. '4241o o42#4
43. 350. ,U
44. 489. .489
45 . 768. . 7C8
46. 11U. 1 .Ilu
47. 103b. loL 3 b
48. 581. .bpl
49. 570. o57 3
b 0. 500. .50U
51. 727. .727
E2. '484. .% 84
53. 943. . 9i 43
54. 697. .697
55. 34o. .34Q
St. 166o o I . i

* 57. 338. .336
b8. 56b. .566
59. 211. .211
bC. 321. .321

,4
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CAA-SR-85-11

Europe to East Coast/HHG/Container

TIME DIFFERENCES

12

I- 6U 41-b I

PAdAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE S. ERR. I-RATIo

1 IWANS MA 1 1 -.2776 .156 -1.91

2 TRANS MA 1 6 .4611 .1184 3.95

- T TRANS MA 2 12 .7687 .0773 9.94

4 * IRANS AR 1 1 .2896 .1748 1.66

F 0 i ,LCAST S
85 'L .60055 .3d8.72
85 11 *886 2. .36863
85 12 .54733 .38895
86 1 .58791 .36898
86 2 .57272 .36898
8b 3 .52447 .. 1707
P6 4 .29391 .42155
86 5 .41661 .4,171
86 6 .5505d .42172
Rb 7 .73876 .4 172
86 8 .5?u2u .42 17
86 9 .3A183 .42675

SUM OF 12 FORECASTS 6.62

The observed value for the Box-Pierce chi square is 17.72 with 20
degrees of freedom, which is not significant at the .05 level. The data
series for which the model is based begins 10-79. Tonnages for 11-81,
12-81, 10-83, and 11-83 were changed from 1815, 51, 1124, 230 to 915, 900,
570, and 500, respectively.

'-
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CAA-SR-85-11

Europe to East Coast/CONEX/Breakbulk

1. 192. .192
38C8. 3.806

3. 5163. 5.163
4. 2822. 2.62

43. A
6. 2304. 2:.SO4
7. 7414 7.414
b. 0. .LOU
y . 5046. 5.046

10. 5089. 5.j89
11 O.0. .O
12. 92. .o 92
13. 320. .32U
14. U . .,JCd
15. 3690. 3.090
IL. 426h. 4.260
- . 0. .U0,
1P. I 0 430 o j 43.

0.2 . 1558
.i• . .000

23. 4832. 4.a 31
24. 118. .Ilb
25. 4928. 4.92s
2f,. 5792. 5.1q2
27. 2260. 2.e6U
2P. 20. .G21
2S. 672. .672
36. 110. . 0LI
31. 139. .139
32. 1920. l.-2u
33. 9462. 9.462
34. a. .u2d
35. 20. . Cu21
3b. 2921. 2.921
37. 0. .0O
38. 2400. 2.4W
39. 1920. 1.92u
40. 0. .UW
41. . .00
42. 160. .160
43. 6560. 6.5bu
44. 0. . 0O
45. 5405. 5.405
46. SfO. .4Ou
47. 1024. 1.24
48. 13262. 13.262
49. 41. .041
50. 0. .d0
51 . 64. .u64
52. 6144. 6.144
53. 32. .03254. 4896. 4 .0d8
55. 1921. 1.921
56. 6242. 6.242
57. U. .L0
58. 2916. 2.916
5v. 4672. 4.o672
b0 24fO. 2.400
61. 2656. 2.b5b
62 . 0. .uOU
63. 6080. 6.b "
C4. 5248. 5.248
6.. 0.0u
bb. 9216. 9.&1b
67. 7072. 7.072
6t. 21852. 21 .,52
b9. 3648. 3.64'c
70. 0. . ci 0
71. 448. .4 4
12. 7584. 7.564

H
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CAA-SR-85-11

Europe to East Coast/CONEX/Breakbulk

liME DIFFERENCLS

1 12

1- 72 41-b 1&

PARAME.LR VARIAdLL TYPE FACIOR ORDER ESTIMATE ST. LRR. T-RATIo

I TRANS HA 1 1 .9U18 .0638 114.1'

2 TRANS MA 2 12 .6954 U794 8.76

3 TRANS AR 1 1 -. 1046 .1385 -. 75

FokLCASIS
85 10 2.93863 I.92J92
8 11 2.52761 4.94491
85 12 'e.5n665 4. 4b37 6
86 1 '4.68261 %.qL305
86 2 1.lf'10 S.UUZ20
8 3 5.27194 s.64129
86 4 S.76869 5.OqL3
R6 5 9. 3t'3b. 5.5925
8b 6 4.7155u 5.07,12
fl6 7 v.58233 5.09b92
8 a 2.6415u 5.11566
Rb 9 5.6066 . 5.116981

Sum OF 12 FORELASTS 51.65

The observed value for the Box-Pierce chi square is 17.03 with 20
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins 10-78.

H-45
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CAA-SR-85-11

Europe to East Coast/Special/Breakbulk

1. 28784. 28.78'
2. 2179. 2.179
3. 1009. 1.009
4. 461. .461
5. 275. ,eT7
6. 1628. 1.62d

1. 1246. 1 .,e 4

8. 4C9. .409
9. 416. .416

10. 2539. 2.539
II. 5?2. .!22
12. 652. *b52
13. 150,3- I.tns
14. 1014. 1.0l4
15. 02. .( e
16. 174. .174
17. o ill . I.II!

18. 89 .,89
19. 2t,62 . .t>2
21. 1626. I.42b14 l'06 . 1.4 Ob

22. 564. .z C4
23. 1423. 1.423
24. 941. .941
2b. 2313. 2.313
26. 15!6. 1. 30
27. 128. .120
26. 198d. 1.9at

02. 0. .J0O
30. 2172. 2.172
31. 378. .37t
34. 526. .52b
33. 1703. 1.703
34. 269. .269
35. 1399. 1.399
3b. 390. 3OU
37. 847. . 47
38. 41. .U41
39. 0. .UOO
46. 4q8. .4 b
41. 1142. 1.4z
42. 3297. 3.217
43. 3c7. .391
44. 3Y5. .37,
4b. 892. .b92
4b. 85. . U.P
41. 248. .248
4e. 427. .421
49. 291. .2 1
5j. 106. .10b
51. 0. .u d

-3. 348. .34d
5.4. 113. .113

45. 5.
50. 3b2. , Z I

5 7. 69 5.
8. 146. .146

'9. 469. .4f.9
cdJ 1362. 1 36e

12. 6636. 6.bo
3 . b, 7 . 6. A

U.4. SO 3b . 8U
65. 45 ..
b6. b23.uj

32. . 32

u. 18. b
-1. 597. .597
14. 150. .1&J

7. ICO3t. lO.d 3u

75. 519. b Iy
. 94. u94

1 7. 219. o 1
7. 0. .L J
7,. 79. J0

7
9t1.79. .J79

h 27 . ,.. 72
,. 557. 57

43 . 0. o, J
* ~ ~ ~ ~ ~ ~ 23 2 8 -. . . . . j4,-...3
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CAA-SR-85-11

Europe to East Coast/Special/Breakbulk

TIME DIFFERENCES

1 12
1- 84 11-B 1 (1-b I

PARAMETLR VARIABLE TYPE FACTOR ORDER ESITMATE ST. ERR. T-RATIo

1 TRANS MA 1 1 -.4177 .3098 -1.35

2 TRANS HA 2 12 .b681 *0938 7.26

3 TRANS AR 1 1 -06080 .2729 -2.23

4 IRANS AR 2 12 .q702 .1415 3.35

FURLCAS rS
85 10 1.59182 4.5025A
a5 11 *23281 5.54613
85 12 1.46857 6.3U176
86 1 .73705 7.l150
86 2 .79198 7.67398
8 3 .31461 8.27d75
Pb 4 .67161 9.83asn
06 5 .56189 9.3664qob 5 18l79 9.85f353
Eb 7 .6q458 a! 1.32322
66 8 .54313 10.77388
86 9 .41291 12.25850

Sum OF 12 FORECASTS 14.16

The observed value for the Box-Pierce chi square is 8.35 with 19 degrees
of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/Chiill/Container

S. 172. .172
2. 133. .133
3. 239. .239
S . 262. .262
5. 245S. .245
6 463. .463

9. 83. ties
10. 429. .42911 6 291. .;.91

12. 315. .31S
13. 193. .193
14. 2AU. .260
15. 257. .. 57
16. 325. .325
18. 240. .24J
17. 3152 •.31 5

19. 337. .337
210 161. .161
22. 400. 14 OJ

23. 454. .4S,
24. 167. .161
25. 252. .2
2b. 243. .243
27. 298. .293
2S. 186. .18
29. 676. b 7b
30. 419. .419
31. 246. .246
32. 3rb. .30b
3.0 197. .197
34. 659. .65v
35. 325. .325
3b. 295. .295
37. 192. .12
36. 336. 33o
39. 103. . 1n3
4 . 197. .197
41. 236. id 3t
42. 236. .23b
43. 272. .27:.
44. 235. .23b
45. 412. .412
4b. 298. .. 2 %
47. 194. .194
, di. 348. .34d

'49. 350*
5". 113.51. 295. .29S
62. 438. .3436
53. 215. .21t)
54. 626. .c2b
!15, 7C5. .70
56. 369. .369
57. 295. .296
53. 57 .17

6O. 139. .139
61. 60. .. bu
62. 100. .iOJ
b3. 242. *242
64. 398. .39b
66. 225. .2 26b. IAt. .186
67. 206. .
6ki. 251. .251
69. 361. .361
7u. 1#05. .40i
71 . 299. .29
72. 329. .329
73. 210. .210
74. 130. .13U
75. 361. .361
76. 253. .253
77. 321. .321
7,I. 456. .456
79. 271. .271
bj. 307. .307
U1. 247. .24
82. 3b3. .363
83. 212. .212
84. 236. .Z 3t
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CAA-SR-85-11

California Coast to Korea/Chill/Container

lIME OIFFERENCES1 12
1- 84e 11-8 )1 B 12

PAWAMLTLR VARIASLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO.,,3: A ))2 A A 2 18 ':9

FORLCASTS
85 10 .19312 015198
as 11 .642b .15307as 12 25665 I!M4l

86 1 .2879b 915521
86 2 .28691 .1b628
86 3 .41571 .15733
"b 4 029262 .1583q
86 5 .37679 .I 9li2
8e 6 *oQ1011 .1634S
86 7 .4r6l95 .b~
86 8 .ZF898 .1b2SO
86 9 .29151 .16646

SUM OF 12 FORECASTS 3.qS

The observed value for the Box-Pierce chi square is 28.07 with 21
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/Freeze/Container

1. 372. .372
2. 301. .361
3. 2954. .29
4o 236. .23b
5. 212. .212
6. 313. .313
7. 374.* S.74o
8. 416. .4 lb
9: 157. .157
1l. 78. .,%74
11. 196. .19b
12. 343. .343
13. 2470 .247
14. 268. .26.
15. 308. .304
lb. 174. .174.
17. 299. .29v
Ia. 222. .i2 -

19. 483. .4r3
2u. 457. .457
21. 188. 2186
22. 256
3. Ai03.

24. 103. .13
25. 246. 124b
-:be 144. 0144
27. 245. .24!
2b. 129. .129
29. 340. .34a
30. 358. .3 c31. 314o. .. $,1%6

32. 33* .334
33. 281. .,281
34. 14.3. .1413
3 ',. 4S6. .4 Sb
36. 262. .262
37. 309. .309
3b. 307. .307
'9. 229. .229

quo0 481. .4 I1
41. 239. .23v
42. 20o0 .2 4J
43. 369. .369
441. M. .3!
'.5 333. .333
'1b. 372. .372
.7. 31b. .318
4b. 280. o280
49. 414. .4q1%
N0. 286. .28b
51. 241. .241
52. 37b. .376
53. 278. .278
54. 7813. .743
9!A. 663. .b663
5b 918. .918
57. 58. .5 85Ss 351. o3,51

59. 281. .2,1
Cue 58. .bUSc
t~o 95. .09
6.. 30. °U 3J63. 2r)1,. o2 1
6'.. 393. 0391
65. 240. 0240
6b. 281. .2P1
67. 320. *32,A
66. 213. .213
69. 32. .322
7U. 316. .slb

,325
71 .312
73. 285. ,Z85
74. 336. o. 3b
75. 173. .17.1
76. II• .151
77. 301* .301L-7a. 4n{8 .40c
79. 399. .399
8,.. 1PI. .lei
61. 319. .319
b2. 4b2. .%62
a 3. 348. .4413
88. 1817. .141
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CAA-SR-85-11

California Coast to Korea/Freeze/Container

TIME DIFFERENCES

1- 84 1-b )

PAkAME7ER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. I-RATIo

1 TRANS HA 1 6 .2864 logo 2.65

2 TRANS AR 1 1 -o4353 .1015 -4,29

Vq..

Fo kCAS TS
85 lo .312J3 ,158
85 11 40 01 ,ld590

85 12 .37521 ,?u625
86 1 033634 ,2Z726
8b 2 .35716 ,2'56R
86 3 .34811 .25189
8b 4 .3r 2 0 b ,2b1l,9
86 5 .35034 .26991
8b 6 .3r-109 .27834
86 7 .35J7b .2bb62
R6 8 .350C9Lu *2400
86 9 035084. *3L153

SUM OF 12 FORECASIS 4.27 SUM

The observed value for the Box-Pierce chi square is 14.98 with 33
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/POV/Container

1.• R3. *l83
120. o120

. 122. .122
4o 76. .UT7b
S. 18. .18'
6. 108. .10d
7. 160. .160
fi. 243. .243
9. 197. .197

10. 23.. .234
11 370. .37U
12. eg. .0d
13. IE5. .I5t
14. 328. OSZC
15. '6'. .4l4
,b. 131. .131
17. zo .2
lb . 143. .143
19. 11b. .lid
2U. 88.
21. 68. .0gg
Z2.. u. .U o
23. 13 . .13-0
24. 321. .321
25. '453. .453
26. 641. .641
27. 726. .726
21.. 325. .. 2 ,
?9. 417. .417
SE. 366. .366
31. 298. .2 9d
.32. 313. .- 113
33. 171. .171
34. 265. .265
35. 293. o293
3b. 335. .335
37. 695. .bq!
38. 487. .487
39 . 352. .3 2
40. 492. .49.
41. 409. .409
8$2. 389. .389
43. 386. .386
4. 428. .42b
45. '.48. .4
46o 301. .301
'.7. 397. .97
48. so l.e(1
'.9. 745. .745
50. 1070. 1.Q7J
51. 674. .b 7'.
52. 875. .875
53. '7'.. .47

347. .347
39. .239

57. 112. .112
58. 191. .191
V 171.177

61. 4.34. .434
62. 499. .499
63.
65. 370. .37u
66. 293. .293
67o 225. .22S
6b. 354. ..)54
b9. 257o .2 ci70. 2811. .2
69. 21. .214
72. 335. . 4 1)
73. 772o °772
7%. 633. .633
75, 42b. .4l 2b)
76. 363. .363
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CAA-SR-85-11

California Coast to KoreafPOV/Container

TIME DIFFERENCES

1 12

1- 76 11-8 1 11-B

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WATIo

1 TRANS MA 1 1 .4640 .1053 4041

2 TRANS "A 2 12 .8974 -061o 17.60

3 TRANS AN 1 4I -.1087 .1139 -.95

FuRLCASIs
-8 85 10 .33221 *22209

85 11 .26508 .24562
85 12 .3n617 .2b7C9
86 1 .36659 .27988
86 2 .3n994 .295C9
8b 3 *31022 .3L955
96 4 .41804 .32337
P6 5 .3nN5k .3.727
Ab 6 .4u724 .35333
86 7 .56936 .36291
86 8 .581o0 .37508
86 9 .36765 .39219

SuM OF 12 FORECASTS =.60

The observed value for the Box-Pierce chi square is 17.90 with 20
degrees of freedom, which is not significant at the .05 level. The data
series for this model begins at 06-78.
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CAA-SR-85-11

California Coast to Korea/Amumunition/Breakbulk

1. ISR5. 1.585
25. .u2b3. O. .bOU3. 0. .UOU

5. 1. .OOI
Ci. 0. U OLI

. 0. ubOu
b . O. oU

9. 1753. 1.753

* 1. 759. 7.b94

11 5103 5 101?0' 2. bO02
13. 0. .0OO
1. 1. .001
150 583. 5.v83
It. 0. .u"I
12. 7594. 7.!08
18. 0. UOu

. 51. 9. 1 !4
2u. 0. OuLl
21. 9201. 9.240

23.• s 200."- 24. 7836 7 83

.-. 0. :uJ
2. 0. .OU
2i . 1 . u61Ou
't. 8235. 8.240

3:j. 12. .1,Le
31. 0. ,bOd
32. 9520. !)52U:;,.33 . 16199. 16.1(9

34. 35. .u3S
3S. 1. .LOJ
3 1148. 1.1d;: .. ,37. 20. 6 2o
39. 0. .u()O

41. 10120. 10. 12J
42. 8968. 8.968
43. 0. ,GOU
44. 5561. 5.561
45. 5519. 5.51146. a. .O0
47. 6548. 6 °b.d

48. 0. .000
'49. 1. .,Ol
5U. 2. .O02
51. 7067. 7.L61
52. 5592. 5.592
53. 5970. 5.'v7U54. 0. .oo

-5. 6122. 6.12e
Sf.: 4. 04
51 652o ob52
58. 0.
"4,0. 6431. :
60. 1. .GO
61. C. .uOO
62. 6602. 6.0,N
63. 0. .,0O0
64 77E9. 7:129
65. 83 7. a.351
6b. 9064. 9. u64
67. 0. . OO
bb. 0. ,c
69. 7363. 7.3,b3
7U. 6. .bO0
71. 0. . JCu
72. 1547. 1.547
73. 5. .uoc)

7, 14. 22. .u22
75. 761. .761
76. 1. .bO1
77. 0 .O u
7. i. 1. Q
7 -i. 3327. 3.327
E0. 0. .u.
81. 0. .UO0
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CAA-SR-85-11

California Coast to Korea/Amnunition/Breakbulk

TINE DIFFERENCES
I

I- 81 (I-a
' 

)

PARAMETER VARIABLE TyPE FACTOR ORDER LSIIMATE ST, ERR. T-"ATIO

1 TRANS NA 1 1 .9757 o03a 70.46

FORECASIS
85 10 2.298'." 3.8U214
8 11 2 98664 3.R0326
fS 12 2.29842 3.8L3a
86 1 2.29842 3.PL550
q6 2 2.2984'2 3 .8 L66 2

86 3 i.29842 3.80774
R6 4 2.29e42 3.9u885
86 5 2.29842 3.A997
86 6 2.20842 30811t9
86 7 2.29642 3.81Z2
86 8 2.29842 3.81332
86 9 2.2842 3.81443

SUM OF 12 FORECASTS 27.58

The observed value for the Box-Pierce chi square is 25.33 with 34
degrees of freedom, which is not significant at the .05 level. The data
series used for this model begins at 01-78.
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CAA-SR-85-11

California Coast to Korea/Anunition/Container

1. 6. U,06
2. 3. .003
3. 0. .UO0
4. '4. .u0qi
5. 9. .CA091
6. 14. ,UI47.o 5. .0O5

8. 22. .622
9. 8. .008

10. 28. .u2o
11. 0. .600
12. 1. .001
13. 0. uOu
14. 5. oulO5
15. 4. .O04
11. 1. .u0

I1: 22. .022
19. 41. oL;41
.,U 179. 17
21. U. OC
22. :D1 .23. 27.
24. 14. .L14
25. 10. .U10
26. 3. .UOo
27. '4. .uO4
2u. 0. .000
" &9. 57. -L57
39. 49. o
316 39. .c3a
32. 113. o11
33. 12. . le
34. 1. .001
3S. 0. .AOu
36. 15. .0P)
37. a * .00
38. 29 oU22
39. 58. -L5,
40. 23. .U23
41 q. 11. .O10
42. 133. .133
4.3. 57. .L57
44. 2. .uO 2

'45. 1. .001
46. 0. LCO
47. 22. .U22
4o. 9* .0
49. 29 : U99
SO. 38. L 3a
516 29. oU29
52. 4. .0Os
53. 0. .UO0
54. 11. .011
55. 29. .U29

bb. 0. .Loa
57. 1. .uOI
58. 18. .. 1
b9. 16. .01b
60. 14 .01361. 7* .007
62. 19. a IV
63. 7. .u07
b4 7. .u07
65. 0..,O

b. 1. -LOI
b7. 2. .L02
60. 17. .uI7
6v. 47. .u's7
70. 8. .UOa
71. 21. .u21
72. 3 .O.1
73. 28. .u28
14. 3. .uOA
7S. 1. .uclI
76. 32. .U33
17. .017 El. I.:0We

79. 0. .uOU
b0a O. .LOU
83. 1. .0-o1
8.4. 1. .ul
b4. I uci
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CAA-SR-85-11

California Coast to Korea/Ammunition/Container

TIME DIFFERENCES

1

1- 8'. !1-8 1

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

T TRANS MA 1 1 .9932 .0357 26.44

2 TRANS MA 2 12 -.4488 .0951 -. 7

FORLCASIS
ah 10 .01933 .02773
B5 11 600590 .02777
85 12 .00523 .0T82
ib 1 :0182 .02786
86 2 .0068b 02791
P6 3 Of23 39 n2795
6b '4 U0609 I4_8C0
86 5 .0394 d.3O
86 6 -. 02,4 .0k808
86 7 Uo0592 .0t813
R6 8 .00224 *n2d1 7

Pb 9 .G03u .03146

SbM OF 12 FORECASIS La

The observed value for the Box-Pierce chi square is 34.00 with 33
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/General/Breakbulk

1. 272. .272
2. 148. .146
3. 136. .136
4. qq. .491
5. 496. .49b
6. 1IU3. .1f03
7. 170. .170
8. 656. °56
9. 196. .QOSh 8 . . c.fi

17. 26. .726

1 . 551. .551
13. 159. .159
14. 329. .329
IS o 314.
1b,. 456. .4 5 u17. 215!. .i1.

,

18. 347.
19. 989.
2u. 163. .16.
21. 632. .632
22. 703. .703
23. 129. .129
24. 533. .533
25. 501. .5 1
26o 270. .27a
27. 137. .137
26. 247. .241
29. 197. .197
30. 407. .407
31. 142. .142
32. 125. .125
33. 166. 1 Eb
3,. 134. .134
3 !5. 7. .U07
3b. 495. .495
37. 868. .68
3o. 316. .316
39. 160. .16u
4U. 121. .1?1
41. 119. .119
42. 510. .,Id
43. 170. .170
44. 312. .312
45. 2•4. .204
46o 129. .129
47. 2144. .244
48i 20 1. 2 .,
49. 0. .6O
50. 370o .3 0
51. 456. .45t,
52. 261. .261
) 53. 491. .491
54. 369. .369
55. 343. .343
56. 1516. 1.516
57. 0. .0oO
58. 1028. 1.u2a
59. 558. .556
60. 250. .250
61. 2193. 2.193
62. 160. .160
83. 209. .209
64. 503. .503
85. 253. .3
66. P2. .082
67. b62. .bp2
68. 3r0, .306
69. 324. o324
70. 174. .174
71. 1928. 1.928
72. 278. .276
73. 151. .151
74. 70. . rd
75. 67. .U66
76. 184. .1A4
I . 519. .519
76. 229. .229
79. 259. .259
8a. 325. .325

I. 121,3. 1 .2 3
8. 459. .4 Sv
83. 567. .a01
64. b15. .615
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CAA-SR-85-11

California Coast to Korea/General/Breakbulk

TIME OFFERENCES
1 12

1- 8' ii-b I 41-b I

PARAMETER VARIAHLE TYPE FACTOR URDER ESTIMATE ST. ERR. T-RATIO

I TRANS MA 1 1 06780 .os9 15.99

2 TRANS MA 2 12 08310 .1138 8.01

3 TRANS AR I 1 -0287 .1009 -2*47

4 TRANS AR 2 12 -.25i .154S3 -1067

FORLCASTS
85 In .89566 .'sb3S|
85 11 .39906 .6909
F5 12 041729 .49074
86 1 .5244b .49313
86 2 .38(1b .49532
86 3 .4422OZ *A975s
A8b 4 .7493! *4V9744
86 5 .57589 05U193
86 6 .4fl0A .4b112
8b 7 *fr91J fb29
8b a .6625b .S585
8b 9 .53026 .5U8S7

SUM OF 12 FORECASTS 6.61

The observed value for the Box-Pierce chi square is 15.17 with 19
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/General/Container

1o 106,,1.0 0.
2. 15032. 15.031
30 1b299. 16.299
'4. 16724. 16.724
S. 13931. 13.931
60 17375. 17.375
70 19681. 19.681
80. 19516. 19.516
9. 19736. 19.73b

10. 16712. 16.712
11. 13966. 13.96b
1". 19106. 19.106
13. 15125. 150126
14. 16049. 16.u49
15. 12437. 12.437
1. 14683. 14.683
17. 13403. 13040.
lb. 16868. 160.66
19. 17589. 17.589
20. 24334*
21. 199450 . MA
22. 21965. 21.96b
23. 14595. 14.595
;.4. 11571. 11.S71:..25. 11 2!-Q . 11.25a

i6. 11593. 11.593
27. 17011. 17.011
28. 13970. 13.97U
29. 17101. 17.101
J". 12175. 12.175
31. 16414. 16.414
32. 14128. 14.IZ
33. 13600. 13.o00
34. 16947. 91.41
35. 14356.. 1350
36. 12082. 12.U8Z
37. 8256. 8.256
38. 107050 10.70
39. 11188. 11.108
40. 10067. 100161."..~ U. 118 11.118

42. 15749. 150749
43. 14764. 140764
44. 13622. 13.622
45. 13390. 13.390
46. 10821. 10.821
47. 12118. 12.116
4 . 13665. 13.66b
49. 11132. 11*132
50. 17273. 17.273

53. 119010 11.901
54. 18048. 180046
55. 21945. 21.945

17680. 17.680
.,.58. 142 0. 1 .Z VL

59. 13148. 13.14
60. 16552. 16.652
61. 11129 12
62. 11 67. 150 6
63. 13226. 13.226
64. 12072. 12ea72
6S. 1!10
66. 16616: 16.51b
67. 13664. 13.66b4
b f,. 14996. 14.i9b
69. 13437. 13.437
70 1 3495 13.49b
11. 14238: 14.23d72. 111 SS. 110.1 5
73. 16307. 16.387
74. 15178. 15.176
75. 16552. 16. 2
'It>. 12947. 12.947
77. 13331. 13.331
7.,• 14149. 14.149
79. 12794. 12.794
80. 160c1. 16., 1
81. 15058. 15.JSO
d2. 22876. 12.d76
83. 1577 15.747
864. 10566. 10.56b
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CM-SR-85-11

California Coast to Korea/6eneral/Container

TIME DIFFERENCES

1 12

1'- 84 I1-B I 41-b I

PARAMEITE VARIABLL TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WATIO

1 TRANS "A 1 1 .6961 .0791 8.80

2 TRANS MA 2 12 .420 .0qol 21.01

3 TRANS AR 1 4 -.2193 .1110 -1.97

FORLCASIS
05 10 12.14049 3.39029
85 11 14*19378 3.53071
85 12 12.15311 3.66576
86 1 12o1627d 3.67bG3
86 2 11.99629 3.75575
86 3 1b.028#043 3.8.380
86 4 16.59032 3.91330
P6 5 lbeb103 4on1d37
E6 6 16.R4Q q.lua5
86 7 14 .1622b '.1o121
F6 a 12.9C85b 2bO3U
86 9 14.3489k 4.4Z89

SUM OF 12 FORECASIS 1b8.67

The observed value for the Box-Pierce chi square is 17.69 with 20
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/HHG/Contalner

I . 91. 0091
2. 23.. 0231
3. 272. *272
t4. 181• .181

-. 5."0• . 3U
6. 6.. .6 64
1. 14.U1
8 69. *069
9. 739. .739

1W. 1148. 1.14.8
11• 12,•9. 1.2, 9
12. 538. .3U
130 302. .302
14. 37. .U37
15. 8 . uS
I to. 54. . Ij54
170 7. ou07
18. 31. P031
19. 87. 87
2U. 97. .q7
21. 129. .129
22. 240. .2.0
23. 170. .l7U

'.,24. ze6. .286
25. 16 I .6S
2 - I 26S 5 , U53
27. 105. •1 lM
ZL. 11.1. .141
29. 96. 493 u. 13. OU13
31. 129. .129
32. 162. .162
3S. 71. . u71
34. 2n6. *20b

4 ~35* i.

37. 22. 6 22
38. 89. .Usv
39. 76. .676

f l. 86. .08b
41. 120. .12U
12. 139. .1394. 3* Ill. 6111
14. 130. .130

4. 17.. .1741
4.7. 222. .222
48. 3?2. .322
49. 120. .120.
SO. 331. .331
51. 177. .171
52. 159. .159
53. 124. .124
4. 327. .377

5. 1100 .110
6.• 373. .373

57. 680. bad
58. 51.9. b649
59. .18. 21d
6L. 398. .398
61. 227. .227
62. 230. .23U
63. 204. .204
b1.. 250.Zw
6t). 145. .11$
66. 131.. .13,.
67. 49. .049
6o. 183. .183
69. 307. .307
10. 381. .381
71. 409. .409
72. 53. .j53
73. 13.. .134
74. 215. 0215

• 75. 122 .122k,- ."76. 79. . G (71,' ',77. 113 I I-$ :
U 1. 178. *17

80. 71. .u71
.1 127. .127

e2. 78m e [J 7,s
83. 87. .UE7
b4. 57. .U57
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CAA-SR-85-11

California Coast to Korea/HHG/Container

1IME DIFFERENCES

1 12

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. 1-RATIO

1 TRANS MA 1 1 .8368 .012q 9.06

2 TRANS MA 2 12 07304 0069 10.52

3 TRANS AN 1 1 oS'SO &1275 *.27

4 TRANS AR 2 12 -.1532 .0907 -1.69

FOk.LCASIS
8 10 .02981 .b92885 11 .0qs983 .l855

86 12 ,03056 .1962L
86 1 e04289 .2L41
86 2 .00501 .21137
86 3 .049L30 .2176406 4 .00352 .2235086 5 0 oo3 .52Z907

86 6 *2172b .2344S
Fib 7 .24a23 o23967
86 8 *1781u o24476
8b 9 .15057 .25342

SUM OF 12 FORECASTS = |,1U

The observed value for the Box-Pierce chi square is 19.45 with 19
degrees of freedom, which is not significant at the .05 level.

I
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,-. CAA-SR-85-11

California Coast to Korea/CONEX/Contalner

1. 2. .UC
2. • .0030 ~8: Ok
. O. .00

S. 0. .1rOf
t. 0. .ouO

* 7. 0. o

15. O .00a0. 7.LO

13. 0. .00d
lie. 0. Lo
15. 0. .0j00- 14 . . ook
IL. 0. Unafl

- 17. 14. .014
Ida 2. .O
19. 7. ULC7
20. 0. .UM0
21. 0. .UOU
Z. 3. .U03
23. 0 .O
i". '6. oJC61
Z!, . 0. .000
26. 0. .OU
27. O. .LU
118. 2. * U
19. 0. 0 . O
3UJ. 0. UJOU
31. . .buO'I
32. 1. .Ol
33. 0. .Lf)l
346. 0. 0 OU
35. 0. UO6

1 3: .1413

3h. 1. *Lai
39. a. oc
.,0. 0. *LOU
461. 0. .0o
8#2 O.0 . J
is3. 3. .003
47. 0. .OUO

.J.
46. 2.O
167. 0. v no

su. 0: .coa
51. 31. .031
52. 1. .UO
53. *

55. 1. eUOI
56. 5b. .056
57,.
59 • 0 A •uO
bu. 2. .uO2
62. 0. .ol

63. 1. .001
646. '6 . 0044
65. 16. .016
66. 9. .4569
67. 33. .c33
68. 14b6. .146
69. a. .UO0
7C. 1. .O01
11. 2. .UO2
72o 9. .L09
73e 2. .002
74. 19. O19
7.5. 11. .011
76. 2. 00
77o . .u.8
78. 1. U31
79. 3. JO0
80: 6. .,Obbsl. 7. 0UOI
b2. 148. .146
83o 146. .L 1

H-64
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CAA-SR-85-11

California Coast to Korea/CONEX/Container

TIME DIFFERENCES

1- 83 (1-8 1

PARAMETER VARIABLE TYPE FACTOR ORDER ESTI1ATE ST. LRR. 1-RATIO

I TRANS MA 1 1 -.1282 .1182 -1.08

2 IRANS MA 2 12 .8011 .*0*67 17015

FORLCASTS
85 10 • .01708 .03191
ab 11 .4j0822 .J191
8 12 :00392 .0J191
86 1 .00b1b .03191
86 2 .0016T nJ3191
86 3 0u035io .r191

-. 86 .00204 .031916-" 5 :2qo691 .o3191
86 5 9 S9
Ob 7 :oO2bU C3191

86 8 .0320b .03191
86 9 o00407 .03Z53

SUm OF 12 FORECASIS .12

The observed value for the Box-Pierce chi square is 17.72 with 20
degrees of freedom, which is not significant at the .05 level. The data
series for the model generated starts at 11-77.
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CAA-SR-85-11

California Coast to Korea/Special/Breakbulk

10 272. .272
2. 48 14d

4. 491. .491S. 496. o4 9
6. in3. .101$
7. 170. 1 70
a8. 656- .56
9. 198. .196

10. 96. d~ b
110 726. .728
12. 551. .b51
130 159o .159
140 329. .324
15. 3.4 0314
16. .,S.
17. 215. .21b]o 34,19o gag:
ZU0° 163. .163
21. 632. . b U
22. 703. .703
24. 129. .129
24. 533o .533
25. 501. .501
26. 270. *I7J
Z7° 137. .13728. 247o .247
2v. 197. .197
30. 1,07o .407
31o 1142. 0142
.20 125. .125
33. 366. .166
34. 134. 0130
35o 7. °UD7
36. 495. 0496
37. 868. .368
38. 316. 041b
39o 160. . 16.)
40. 121. .121
a41. 1190 .119
142. 510. .510
43. 170. 17a
4%• 312. .1245o> 2Q 49 o20%
46o 129. •'29
47o 2'.4. .2'.
1,8. 201. ol
49. C. °UOU
50. 370. .. S7U
51. 456. .456
52. 261. .61
53. q191 . .191
54. 369. .369
55. 343. 034S

57. 0.
58. 1028. 1 ° u28
59. 558. 05566,L. f.250o
61 2f: 2o19S
62. 16U. .16U
63. 2n9. .209
64. 503. .505
bb. 253. .253
66. 82. , az
67. 682. °bS2
68. 3n8. .. sea
b9. 324. .321%
70. 174, .174
71. 1928. 1.92o
72o 278. 027d
73. 151. .151
74. 70. oL7U
75. 67. .U6
76. 184. .1814
77. 519. .119
78. 229. .229
79. 29o .e59
"O. 325. .425
81. 12P3. 1.2A3
82. 159. .4s,
63. 507. .501
P4. 615. .616
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CAA-SR-85-11

California Coast to Korea/Special/Breakbulk

TIME DIFFERENCES

1 12

-- 8q lI-B I 1-8 3

PARAMETER VARIABL. TYPE FACTOR ORDER ESTIMATE ST. ERR. I-RATIO

1 TRANS "A 1 1 .87 0 .0 549 15.99

2 TRANS "A 2 12 -8310 .1038 Bl.

3 TRANS AR 1 1 -. 248/ .1009 -2..?

d4 TRANS AR 2 12 -.2581 .15813 -1.67

.. FOR&LCASTS
85 10 .89566 ,'.35!
85 11 .399t., .l8909
85 12 d17Z9 e'.937?.
86 1 .5244b .49313
86 2 .38n0b .49532
86 3 .44212 . 1y1
86 ' .7,,9.s, .q997,
86 5 .57589 Su193
Pb 6 .4r04l3 .5L412
P6 7 *6r91j .5L629
86 8 *68256 e5 -9d5
86 9 S!zb .5847
SUM OF 12 VORECASIS 6.61

The observed value for the Box-Pierce chi square is 15.17 with 19
degrees of freedom; this is significant at the .05 level.
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CAA-SR-85-11

California Coast to Korea/Special/Container

1 18. .lb
2. 32. .032
3. 1.

9. .U09
6. 1. .611
7. 15. .015
8. 118. .113
9. 1.9. 9

1U. 373. • 73
II. I. .uOl
12. 22- .U22
13. 285. .2 f!
14. 6. .UOb
15. 22.
lu. 13. •1,1
17o k. .L0L)
16. 421. .1.21
19e 75e U 75

53. 3
21. 81. :~R

22. 88. .upb
23. 18. .01624. 117. .117

25. 2. .U02
'- 6. 53. e0SS
27. 89. .U89
214. 97. .J 9 7
Z9. 5. .00S3u. :L 521

32. 1la. .181
33. 121. .121
34. 113. .113
3 . 57. .USb
.3. 3.333

33. 101. .iri
39. 115. .14.
10. 512. .582

42. 8. .Ucb
43. 58. .a!i
44. 61. .U61
45. 126. .1 2t
4b. 84. d S11
17. 85. up
48. 329. .329
19. 218. .2l6
So. 10. .0l
51. 419. .419
52. 380. .381
53. 4b6. .6466
!A. 18. .018
5S . 58. V5
56. 9U. .0qu
57. 171. .171
5d. 2. .Uc2
592. .2%
61. 2. .0Z
61. 3. .60.
62. 41. .
h 3. 23. o023
(. 22. .U22
65. 2. .002
bb. 6. •uCb
67. 204. *2D4
6b. 37. .37
69. 10. .Ulu
70. 40. .*00
71. 52. .O2
72. 11. .011
73. 370. .370
74. 15. .0U.!
7!). 31. e.U31
76. 19. .019
77. 1. .01

-. "7 . 1. .u01

79. 11. .011
d s. 11. .21
81. 94. .U94
d2. 311. .311
tiS. 873. .b7
84. 298. .2 %

H-68
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CAA-SR-85-11

California Coast to Korea/Special/Container

TIME DIFFERENCES

1 12

I- 84 (1-B 1 41-6 1

PAkAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. I-RATIO

I TRANS MA 1 1 .7006 .0925 7.S7

2 TRANS MA 2 12 .8640 .0 8q6 10.21

3 TRANS AR 1 12 *3236 .1107 2.92

85 10 .42159 .25724
85 11 .13750 .2b761
85 12 .1699b .27759
86 1 .1821b .2d723
86 2 *12835 .29655
86 3 .3r279 .30559
86 ' .1647! .31437
ab 5 .13881 .32291
86 6 .2r429 .33123
P6 7 .24531 .33934
8b 8 .52951 .34127
86 9 .37n19 .3 4Q3

SUM OF 12 FORECASTS 3.LO

The observed value for the Box-Pierce chi square is 13.93 with 20
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

Northwest Coast to East Alaska/ChIll/Container

1. 3. .00
2. 0. .U0a
3o 1. .001

1.0. .00]
5. 0. .O00
b. 0. .0
7. 1. 001
o 0. . 1Oa

'i. 0. .CO
I0. 5o Uu
11. 1. .00l
12. 4. .00'
13. 0. -0
1'4 0U. .uOO
lb. 3. .uO.lb. I. o.0O1

17. 1. UO
18. I. .uOl
19. 3. .003
2u. 19. .f19
.;1 °2. .JO22. 2. 4 :0

24. 23. .U23
25. 3b. .u3b
2.. 5. .00S
27. 30. . 3
28. 33. .033
29. 1. .U01
30. 4. .04
31. 5. oL2:i
32. 130. .13,
33. 28. . 24
3'. 1. oO01
35.. 10(. .104
3b. 29. .U29
37. 34.o . 134
3b. 70. .0 7u
39. 1. .U01
40. 1. .L01
41. "77. .U77
42. 27. .U27
43. 69. .069
44, 3. .03
.5. 0. .Oou
#6. 0. .000
'.7. 31. .631
49. 10. .0D19. lob. . I b

50. 37. .U37
51. 65. .U65
52. 0. . UOU
53. 189. .189

54.50 . u1I
55. 10. .00 l
56. 38. .03d
57. 1. 0601S8o 4. o004
59. 1. UdCl
LUo 8. °hOd
i. 1. .001

62. o. .oOJ
63. 5. .005
C.4° 4. oil0q

3s..'. .00'.
65. 9. oU 0 9
66. 3. .aOS
b7. 6. .U0b
6t,. 5o..0
69. 4o .004
70. 9. o09
71. 0. .4;0
72. 2. .002
73. 7. .Q07
74. 42. .0 42
75. 1. .001
7b. 73. .U73
77. 76. .07b
7c. 4. ... i
79. 10. .L1o
boo 1290 .129
81. 110. .110
b2. 83. .083
e83. 98. o ; 8
84. @3. .084
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CAA-SR-85-11

Northwest Coast to East Alaska/Chill/Container

,. -~
TIME DIFFERENCES

1- S 61-B I

PAkAME1ER VAPIA6LL TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

I TRANS MA 1 1 .9183 .1D92 8.41

2 TRANS MA 1 2 -.2130 .1139 -1.87

F(RLCAS IS
65 10 *08952 .0357,
S5 1 .089S2 .o3729
85 12 .08952 .03871
8b 1 .08952 .(14014
86 2 oO8952 .0 4149
86 3 .G8952 .n4280
86 4 .U895 : .fl'07
8b 5 J8952 .04531
86 6 .08952 .n4651
86 7 09952 .047b8
-6 8 .0895. .V'4 3 83
86 9 .08952 r'4995

SUM OF 12 FORECASTS 1.L7

-

The observed value for the Box-Pierce chi square is 22.73 with 33
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

Northwest Coast to East Alaska/Freeze/Container

1. 1. .U01
2. 7. .Un7
3. 15. .015
4. 5. u 0!3
5. 6. uOb
6. 29. .029
7. 0. .Uca

27. .UZ7
9. 7. .u07

10. 2. .L02
11. 9. .009
12. 12. .Olz
13. 5. uO ,
14. 0. .L;Ou
15 . 16. .lb
16. 3. .03

' 17. 19. .019
. 7. O

19. 9. A3
26. 10. tdio
21. 13. 013
22. 0. .00
23. 13. ul.
24. . ob

cb. 6. .UOb
27. 12. U Ile
24. 17. .0ll
29. 0. ouOu
30. 16. ,0lu
31. 3. .003
32. U. .0L00
33. 23. .2A
34. 5. .uC
35.. ..o

22. .022
3L,. 2. .0oz
39. G0.o
4U. 19. .L19
41. 35- u3h
42. 3. .ocO
43. 42. 04;d
44. 17. U017
45. 0. .o
46. 34. . 4
47. 10. , Il
48. a. aoo
49. 24. .024
50. 32. .0 33
51. 21. .o021
52. 15. .oI5
53. 15. .01
54. 20. .o07
55. 19. .19
56. O. * ;O
57. 32. .03
5&. -8. .026
59. 23. .U2S
o0. 4. .U04
61. 28. .a2uo
62. 11 .011
63. 26. 2r
64. 30. .i30
65. 24. .i 24
6b. 22. .(22
67. 16. . lt
6b. 0. .JO
69. 66: ..
7. 26. .026
11 3 UOU
12. 77. .u77
73. 14. .U14
74. 0. .uOd
75. 40. .u4u
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CAA-SR-85-11

Northwest Coast to East Alaska/Freeze/Container

TIME DIFFERENCES

1 12

1- 75 (1-8 1 11-b P

PANAMETER VARIASLL TYPE FACTOR ORDER ES7IMATE ST. ERR. T-RATIo

1 IRANS "A 1 .168 .873 9.3b

2 TRANS AR 1 1 -. qg5 .1280 -'0.29

3 TRANS AN 1 2 -.5399 01318 -4.1D

'0 TRANS AN 2 12 --5259 .1'e82 -3*55

FGkLCASTS
85 10 .03310 001689
85 11 .01253 .01703
85 12 .0389b .01856
86 1 03139 .61856
86 2 .00264 .01859
86 3 .]5896 :01891
A6 4 -p3909 .n1898
86b 5 *01922 .0189R
8b 6 .o754 .01908
86 7 .03205 .01916
86 8 G1'6b .1918
86 9 °05190 %GaII7

SUM OF 12 FORECASTS = .38

The observed value for the Box-Pierce chi square is 16.64 with 20
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-78.
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CAA-SR-85-11

Northwest Coast to East Alaska/POV/Contalner

1. 697. .697
2. 886. *b86
3. 851. e651
8o 703. .703
5. 6S0. .5
S6. 778. .778
7. 12416. 1.246
8. 761. .161
9. 750. .750

10. 926. .926
11. 899. 0899
12. 684. .b44
13. 976. .v7b
18. 636. ob3b

*15 1018. 1.ulb
1b. 8114. .604

17o 63U. .b 3
18. 723. 0723
19. 929. •929
2ik. 5813
21. 766. AU
22. 557. .57
23. 72. .07U
241. 210. .110
25. 642. t6e2%26. l489. 1.489

. ,27. 1141. l4141

2b. 712. .112
29. 627. .6,"7
3u. 9A7. Val
31. 883. 6 A3
32. 794. *19"
33 • 76.07.734. SSG* .b S

35. 819. .819
36. 956. .956
37. 105 . 15 U S
3A. 148f: 1.%36
39. 1301o 1.301
810. 1143. l.183
81. 77o1. .774
.2. 1137. 1.137

8.5. 880 id
81. 1078. 1.07u
4b:• 1207. 10207
86. 900. .9O0
4 7. 95 0. .950
4b. 795. *TqP
819. 549. .549

*50 9181 .911
51. 7 -7. 711
b2. 793. .783
53. 1339. 1.339
51. 8125. .425. : b85. .68b.

9: 737• .737

*% 61. .1141
62. 910 0911
6J. 717. .717

:
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CAA-SR-85-11

Northwest Coast to East Alaska/POV/Container

TIME DIFFERENCES

1 12

1- 63 11-8 i I-b I

PAkAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. I-RATIO

1 TRANS MA 1 1 .8338 1036 8.05

2 TRANS AR 1 1 .2321 .1803 1.29

3 TRANS AR 2 12 -041517 .1473 -3.07

FORLCAS IS

85 10 *80'3 .43269
95 11 .98396 .e4502
65 12 .61853 .415422
P6 1 .67528 011265
86 2 .7675'. .7a81
e6 3 1.00311 .7879
86 4 .5742a .bb64
86 S .73562 .49436
8b 6 1.05673 5L196
86 7 .15154s 5L9 9
66 8 .81571 .51682
P6 9 .69291 .60134

SUM OF 12 FORECASTS 9.24

The observed value for the Box-Pierce chi square is 11.71 with 20
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-79.
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CAA-SR-85-11

Northwest Coast to East Alaska/Ammunition/Container

1. 10. ,,{U111,

20 2. .002
3. 4. .00%
4. 0. .000
5. 32. e032
6. 8. .Od
7. 1. 0001
8. 9. Uo09
9. 0. . ca

10. 1 .UOl
11. 1. .001
12. 0. .uOo
13. 2. .002
If# . 2. iJo2
15. 0. .U0
16. n. OU
17. 0. odOU
18. 0. .uw0
19. 0. :O20. 0. .000

21. 0. 6 O
22. 0. ,oOo
23. 11. ,olI
24. LoO
25. Lo .00
26. 0. .iOU
27. 5. .005
28. .OO
29. 1: .001
3:1. 6. .Ob
31. 0. L0O0
32. a. 0.00
33. 0. .dOU
34. 0. .UDU
35. 0. obOO
3b. 0. .u03
3?. 0. .UoO
38. 0. .OOu
39. 0. .uru
4L. S. .uCh
4 1. 0. .0rO
42. 3. 0U DS
43. 1. .U0,
44. 1. .0o145. 1. .001
4o. 1. .001

47. 1. .. 01
48. . .
49. , .Uo0
50. 1. .oO
51. 4. .004
52. 0. .000
53. 5. ,uob
b. 0. .000
55. 0. .UCG
St. I. .001
57. 0. .LO0:.58. 1, , . k'11
59. a. .03

63. 0. U5
bS. 2. :LV2
62 . 0.Lni

67. 0. Uo01
6. 0. .uOa
65. 2. .00266o 0. 0 ;Acu
67. 1 6 .LO1

70. 0. .uPO
1. 0. .001

72. 0. C

H-76

; .., - - - , '. ,".,.: R :-- .: :.:- ':- Z ,:; ,, 4.:. -...* :-...-.. , - -,.---..-,'---.-..-.. -- ,.- -, -:,



CAA-SR-85-11

Northwest Coast to East Alaska/Aumunlton/Container

TIME DIFFERENCES

1- 72 4I-B 1

PAkAHETR VARIAHLL TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RAIIo

1 TRANS MA 1 1 .8882 .04S3 19.62

FURECASIS

as 10 .00076 fIU4S5
as 11 :00076 O0457
8b 12 00076 .nU460
86 1 .0007b OU463
8b 2 .oo07b eOU6b
86 3 .UfnO7b OU'46
A6 4 .007b .OUL71
86 5 oO007b :o3,47
eb b :0007b cut#??
86 7 OO076 . U479
86 8 *CnO76 CUQ82
8b 9 *0007b .O0485

SUM Or 12 FORECASTS C1

The observed value for the Box-Pierce chi square is 10.56 with 36
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-78.

I
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CAA-SR-85-11

Northwest Coast to East Alaska/General/Container

2. 5095. :8
3. 4903. 4.903
', 3857. 3.657
5. 3398. 3.398
6. 3154. 3.194
7. 20467. 2.4661
8. 3063. 3.u63
9. 3903. 3.903

10. 4557. 41.557
11. '119. 4.119
12. 3409. 3*409
13. 51*0. 5.10
14o0 4820. .a Al
1. 11455. q o1 55

3377o 3.377* I~: 2722. 2.722
18. 3134. 3.13*
19. 2690. z.b69
2U. 3790. 3.790
21. 1617. 110617
22. 57880 578
23. 3880. 3.680
24. 3319. 3.319Z. 33@6. 3.336
2b. 38*2. 3.b62
27. 3*88. 3,4 5
2b. 3214o 3.21'.
211. 2833o 2.833
30. 3229. 3.229
31. 34r.4. 3.40C
32o 3742o 3.72
330 3513. 3.513
3*. 4179o .1 179
35. 4019o . oo 1
36. 3687. 3oL87
37 3915. 3.9lb
So. 541b. 5.410
39. 14742o 4.742
'ii. 3858. 3.u58

. t87 3o9743o NerOD. %.,4jl
414. 3546, 3 o!,fb
*5. '293. 4,29346. 69,0.
47. b36 . 1"
'68. S762. 5.762
49. 6937. 6*937
So. 5362. 5.3u
51. .082. 5.082
52. 4367o '4.361
53. 11633. %.433
5'. 5285. 5.28S
56. 2717. 2.17
5o0. 5279. 5.279
57.
59., 63P7. 6.307
613. 4800. 4.sboo
bl e qOb"8

b3. 5273. 5.273
Of. $201. 5,2aI
b5. '382. 46.382
bbo 3511. 3ob Il

67o 3469. 3.469
6do 3997. 3.997
69. 6137. 6.187

71. 5750. 5.7 ri
72. 6364. 6.36*
73. *958. '.9587*. 5220. 5.220

76. 5773. 5.773
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.%

N. CAA-SR-85-11

Northwest Coast to East Alaska/General/Container

TIME DIFFERENCES
1 12

1- 75 41-8 8 (1-b 5

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ER. TlkATO
1 TRANS MA 1 1 33 1 .2095 1.58
2 TRANS MA 1 .,3286 .1317 2.49
3 IRANS MA 2 12 .5931 .2059 2.88
4 TRANS AlN 1 -.24d .2260 -1.10
5 TRANS AR 2 I -.1920 .2378 -.81

FG&LCAS IS
85 10 3.69465
85 11 .,10799
85 12 14.27385 10h$334
86 1 3.e6437 1.51157
86 2 4.3p449 1. '.56Q
86 3 50u4836 1.57.71
R6 'a 5.,AG002 1.60424
86 5 65.71962 1.6 3299
86 6 5.09141 1.6b130
86 7 5 92642 .64912

b a 58 r.T85 1.71649
86 9 .98615 1,8.132

SUM OF 12 FORECASTS 56.98

The observed value for the Box-Pierce chi square is 20.06 with 18
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-78.
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CAA-SR-85-11

Northwest Coast to East Alaska/HHG/Container

1. 367o .367
2. 317. 0317
So 168. .16b
4. 181. .181
5. 97. .097
6. 68. 0068
7. .070

S.Is0159
*9. 7j::8

10. 3 35

13. 202. .202
1.. 267. .267
16. 245. .2145
It. 66. .U66
17. 92. .G91
18. 122. *122
19. 72. .u 7LU
20. 101. .101
21. 1(7. 0107
22. 73. .073
Z. 99. O099.
21'. 38. 036
25. f8. .1268
26. 170. .170
27. 139. .139
28. 131. .131
29. 11. all
300 S.. G.54
31. 91. OU91
32. 59. . J 59
33. 63. oG63
3. 80. UB80
35. 63. .063
36. 136. .1363 7o 144. .144
3b. 97. ."97
39. 225. .226,
'0. 39. 003v
1. a 110. 1113

42. 92. :J92
43. 93. .U93
4o. 174. .17'4

s. '.5.
46. 116. .118
'.7. 45. .U"S
'4d. 142. .12'.9. 146. .1q

.66.

61. 55. ,J!b
52. 16'. o164
53. 137. .137
54. '31. .31
!5. 198. .19b
56. 3103. .393
b7. 576. .57b
56. '72. %472
59. 44'9. .49
6j: 164o .IC'61., 514. .514
62- 4 4. .4ltt

0 , 366. .366
(1. 216. .16
65. 1W3. •1..66o 15Z. L52E
67. 9'. ou.9
68. 158. .15
69. 1I1. .181
70a 13b. .13o
71. 235. .235
7Z0. 224. o224
73. 220. . 2

. 7'.. 196. , 1#40

.5 196..19

H-80
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CAA-SR-85-11

Northwest Coast to East Alaska/HHG/Contalner

TINE IFFER.NCLS
1

I- 7b 41-B I

PAkAMIER VARIABLL TYPE FACTOR RON ESIIATE ST. ERR. I-RAITO
I TRANS Ak 1 1 -.3603 .1130 -3.19
2 TRANS AN 2 6 -.2qb5 01148 -2.16

SRCAS IS 2034 .11007

as" 8 11 017927 .13118
" 85 12 .1819b .1473n

86 1 :18396 ,l62qR
86 2 188 .11bl
86 3 .18954 .18189
86 4 .18704 .1b96i
86 5 .193no .19623
86 6 .19234 2Zu291
86 7 .19201 0:%929
86 8 .19064 .21551
86 9 .19 47 .22291

SUM OF 12 FORECASTS 2.27

The observed value for the Box-Pierce chi square is 22.75 with 33
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-78.

.,
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CAA-SR-85-11

Northwest Coast to East Alaska/Special/Container

1. 113.
2. 326.
3. 117. .1171- • 58. .•.58".SS .4 3s• 3q

33. .31.3
6. 4.76. .47b
7. 562. o562
8. 195. .195
9. 3c7. .357

10 392. .392
11. 360. 0 3 W
12. 328. .32b
13. 327. *.21
14. 316. .34U
15. 366. J.h
16. 212. .2U
1-. 18. .18

19. bb6. .616
20. 192 .1 2
21. 566. •,56b
22. 581. .521
23. 211. .241

2S. 202. .202
26. 2s2. .e27. 19b. .196
20. 198. .190
29. 5. ..Jos
30. 238. .2%
31. 328.
32. 617. o441
33. 226. .22u
31.. 16. .0b
35. B. bad~
3b. 4.o .114437. 10. ,a1u
38. 25. *U2S
39o 208. 04
4.0. 294. .9%
4.1 787. . 781

1.5. .1.!
150. a15J

45. 29: "U27
1.7. 36.:3 66440. a. ot,

819. 39. oubu

1. 489. .8951. 109 . .Iov

52. 6. .44b
53. 375. .37S
51.. 26. .02b
55. 569o .569
5b. 359. .359
57. 659. .9
58. 318o .316r.59. 141. .141

,6u. 1 IRS . I SO
61. 192. .192
62. 501. .501
63.,. ~6's : :,
b. 190. .1U
66. 161. .164
67. 26. ou2u

30. .029

H-82
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CAA-SR-85-11

Northwest Coast to East Alaska/Special/Container

TIME DIFFERENCES
1 12

1- 68 11-B ! LI-k 3

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WATTO

1 TRANS "A 1 1 .6982 .1067 6.54

2 TRANS MA 2 12 .7035 .1561 4.51

3 TRANS AR 1 12 -.22714 .1961 -1.16

£. . FORECASTIS
85 10 .18830 .26817

85 11 .13901 .27918
85 1Z *0795y .28969
86 1 -.0118 .29987
b 2 -.02385 .3L972

F6856 .31927
86 $4 :G4453 032353
8b 5 *1T333 .33755

86 b .23lrj! .3Q632
eb 7 -.u3497 .355488
pb 8 .266'6 .3b35 0
86 9 .#444 .37551

SUM OF 12 FORECASTS = 1.2.

The observed value for the Box-Pierce chi square is 13.11 with 20
degrees of freedom, which is not significant at the .05 level. The data

series on which the model is based begins on 07-79.

H-83
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CAA-SR-85-11

California Coast to Ryukyu Islands/Chill/Container

1 . 6. .00b
2. 65. .65
3. 122. .122
-S. 178. .176
5. 91. .U91
b. 147. .147
7. 239. .239
8 81. UPI
9 9. u89

10. 86. b
11. 51. .051
12. 224. .224
13. 316. .31b
1". 69. Li69
Is. 134. .13 *
.16. a. .

17. 260. .261
18. 151. .151
19. 32. .G32
20. 122. .122
21. 71. .u71
22. 114. 1 4
23. 125. R
2'4. 85. .O S
z!). Sa. .0W

850 085
2I rio •d 1119

2 6. 90. .u89
29. 144. .l44
3,. 4d. L, 8
31. q8. .L9b
32. 107. 107
33. 58. 0SO
34. 62. .Ub
3!>. 73. e073

88.

3b. :U51
J9. 68. .066
40. 120. .121M
41. 79. .79
'62. 80. .U8U
43. 98. L98
'S'S. 9. .09
'5. 89. *u89
ib . 97. .L97
47. 95. :6qs
46. 54. U5
49. 153. 015.S
50. 63. .%63
51. 94. U9%
520 91. oU
53. 124. .12
54. 89. .U89
t)S. 133. .133
56. 90. .09
57. 32. .032

59. 6'
b6. 94. 8B
61. 65. :86%
62. 58. . 91
b3. 213. .21
664. 66. ~6b • 66 • •Ubb65. b6. .ubb
6b. 167. .167
67. 65. .L0L5
68. 32. .b32
69. 1'45. .1'S5
70. 122. .122
71. 87. .LI
72. 110. .l0
73. s9. .U5S
74. 67. .L67
75. 62. U 6,e
7b. 69. .L69
77. 87. .0e7
7b. 90. . $9
79. 148. .146
al. 59. .u19

9. 99 .99
82. 147. . 114
.3. 76. .U76
a'S. 122. .122

H-84
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CAA-SR-85-11

California Coast to Ryukyu Islands/Chill/Container

TIME DIFFERENCES

I

1- 8%I (1-8 1

PARAMETF.R VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. 1-RAITo

I TRANS MA 1 1 .96'.3 .0267 36.15

T TRANS MA 2 12 .28t7 .1027 2.73

F IOkLCAS S
H5 10 U9667 .01307'
F5 11 .09719 .0/305
85 12 .08549 .073n9
86 . .09479 o073 14
86 .08913 .07318
8b 3 GtjP131 .07323
81 4 .0721U ."732R

" 8b S .10b0 .07332
8t, 6 .P12 .07337
96 7 .(j6917 .011342
P6 .U203 ,n734e6
86 9 .uBBUI n1l]561

* -SUM OF 12 FORECASTS : 1.05

The observed value for the Box-Pierce chi square is 11.87 with 33
degrees of freedom, which is not significant at the .05 level.

H-85
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CAA-SR-85-11

California Coast to Ryukyu Islands/Freeze/Container

1. 33. .033
2. I18. .1ld
3. 205. .205

'0. 156. .150
5. 77. .L77
6. 167. .167
7. 292. .292
6. 208. .2C4
9. 199. .199

10. 133. .133
11. 121. .1:1
12. 308. .3 V8
13. 131. .131
14. 103. .103
15. 257. .57
16. 91. 9j
17. 215. o2 15

18. 150. .150
19 . 155-.I
20. 251. .251
-1. 120. 7U
22. 145. .145
25i. 125. °12b
24. 7b. 2
,5. 6C. U ,

1. 117. .117
27. 149. -1 4
.6 . 109. .109
.- 2O. I9. .199
3- 116. . 1b
31. 130. .1 3 j
32 . ins. .10o
33. 128. .129
34 . 112. .112

• "' 35. 111,11

36. 219. .2 19
37. 142. 412
31. 179. .179
49. 87. .US?
"0. 157. .157
41. 197. .197
4 z.. 172. .172
4.3. 235. .235
404. 103. .10S
d! . 143. e143
46. 177. .177
4 7. l,6. .156
43. 149. .149
49. 221. .k21
50. 131. .131
51. 192. .Iq2
52. 128. .1I2b
53. 166. .16b
54. 122. .122
55. 193. .193
56. 1L3. .153
57. 14b. Il4b
58. 1.59. 14 :60 . 175. .17.-,

61. 104. .104
6 Z: 2 ...,7.+
63. 25 .2'
b4. 294. .294
65. 144. .144
66. 189. .189
67. 177. .177
68. 1'01. .141
69. 286. .2Fb
70. 179. .129
7I. 116b. .l8b+72. Ilib .I lb

A. 73. 171. .171
74o 99. .. 99
75. 595.
76. 135. .13,
77. 133. .133
7th 291. .291
79. 288. .286
80. 203. .43
-1. 183. .13
8z. 253. .- e 53
83. 138. .1 78
64. 236. .23b

H-86
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CAA-SR-85-11

California Coast to Ryukyu Islands/Freeze/Container

TINE DIFFERENCES

11b I-":1 - 84 (1 !-B 1

PARAMETER VARIAbLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-AATIO

I IRANS "A 1 1 .9674 .0161 59.97

FOLCASTS

85 13 .15054 .0828?
E5 11 15054 .1b287
A5 12 .15051 n&lE291
86 1 .15054 .06296
86 2 .15054 .O6300
06 3 .15054 .nb3G1
86 4 .15354 .06309
86 S .IE05'1 .rV6313
Pb 6 .15050 tb38
86 7 .1505. fn8322
F6 8 .15n54 r,,32(
8b 9 .15U54 .06331

SuM OF 12 FORECASTS Z 1.81

The observed value for the Box-Pierce chi square is 13.00 with 20
degrees of freedom, which is not significant at the .05 level.

-,
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CAA-SR-85-11

California Coast to Ryukyu Islands/POV/Container

1. 37. .0372. 0. .io
3. 39. .039
4. 1'. 00.4
5. 0. .tO0

.6. . .0
7. 0. .0OE
8. 10. .i0
9. 3U. o0310. 0. .Li0

11. 2b. *.2b
I,. G. .L00
13. 0. .dO
14. 22. .022
15. 0.
16. 17. .L7
17. 0. .UO0
1u. 9.
19. 0. t u
20. a 290
21. 23. .L 3
22. 31: .u31
23. ? .U21
24. 0.OU
2!. 14. .01'
26. 45. .0
27. 14. .U14
26. 27. U,7
29. 22. .022
3; . 0. . UfO
31. 13. .01S
32. 0. .O ,

33. 35. .0Th
34. 5. .uOS
35. a8.
36. 0. .00
37. i8. . ,Ib
38. 0. .000
39. 0. .6cu
40. 0. .OU
41. 13. .01
42. 0. .(I
43. 2. .uCe
'44. 8. LjOb

4:. 0. .500
46. 41. .U41
47. 2. .002
48. 0. .(,Oi
49. 0. .L0J
5L. 0. .0O
51. 23. .02.S
52. 0. .60
53. 0. .uOU
64. 10. kI 10
55. 0o .uO
56. W.03
57. I8. .016
58. 14. I.014
59. 0, .OO
60. 0. .00

H-88



CA-SR-85-11

California Coast to Ryukyu Islands/POV/Container

TIME DIFFERENCES

: 12

I- 6U 91-8 1 11-b I

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

1 TRANS MA 1 1 e7228 .09oO 8.03

2 IRANS 1A 1 6 .2932 .1U68 2.74

3 TRANS MA 2 12 .8350 .0614 13.60

4 TRANS AR 1 1 -.5521 01149 -4.81

" FORLCASIS

a 5 10 -.00q67 001610
85 11 .01986 .01742
85 12 .019133 n1743
86 1 .01723 .01787
86 2 @00977 .01800
86 3 0120 .61306
8b 4 0U07 3 .niaoZ
86 5 :0119b .01807
86 6 .j29 20 OPI807
86 7 .1700 .01807
ab 8 .02114 .01807
86 9 .006%U .01623

Som OF 12 FORECASTS .17

The observed value for the Box-Pierce chi square is 25.11 with 19
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-79 and has 7-84 and 8-84

, set to zero.

H-89
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CAA-SR-85-11

California Coast to Ryukyu Islands/General/Container

1. 3238. 3.23d
2. 3628. 3.62d
3. 3767. 3.767
4. 3578. 3.57b
5. 3689. 3.b89

m 6. 3769. 3.769
7. 5196. 5.190
8. '6160 O.616
90 6178. 6.17o

1G. 5329. 5.329
11: 3994. 3.994

,. 12. 3760. 3*76U
13. 3930. 3.93J
14'. 3092. 3.u92
15. 3375. 3.37"
16. 3105. 3.105
17. 3366. 3.3w
1s. 4192. 4010Z
19. 2816. 2.dlb2c. 53M5

21. 4653. 03al085
22. 6355. 6.355
2j. 4213. 4.213
24. 5064. 5. J',q
25. 3316. 3.318
2b. 3411. 3.491
27. 4500. 4 .5WL
s. 3246. 3.24b
Z9. 2871. 2.871
3U0. '423. .423
31. 5334. 5.33.
32. '0945. 4.9456
33. 5031. 5.L31
34. '819. 0.819
35. 3691. 3.691
36. 2733. 2.733
37. 2827. 2.b27
3 ii, 3159. 3. 1F9
39. 3038. 3.038
40. 'C23. 40.23
41. 3725. 3.725
42. '970. 40.97U
43. 6319. 6.319
4 4. 4176. 4.176

. b45. 4O'0'0. 4.044
46. 38I5. .4105
'07. 2866. 2I.66
48. '0648.a 4.646
49. 4084. 4.04
50. '387. ,0.387
51.• 433 .. 63
52. 44 ,5.: '. 3b

530 0957- 4.957

X54. 6048. 6.L46d
55. 7368. 7.368
5t. 3430. 3.43U57. 52,70 JJ
58. 3730
59. '690. .69U
60. 3856. 3.o5b
61. 4464. .4' .4
62. 3623.
63. 4234. 40-134
64. 30850 3.0e8
65. 3575. 3.575
66. 4968. '.968
67. 5464. 5.4614

%- L8. '0522. 4.522
% 6). 5757. 5.7t1

% 71. 4150. '0.150
72. 4294. 4.294
73. 4856. '0.56
74'. 54P7. 5.487
7!5. 4 454 . 4 .454
76. 2631. 2.631
77. 39fl8. 3.908
78. 5.,312. 5.312
79. 4226. '.226

.bu 5375. 5.375
b 1. 5316. 5.316
62. 6327. 6.327
63. 5851. 5.851
84. 5079. 5.0U79

H-90
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CAA-SR-85-11

California Coast to Ryukyu Islands/General/Container

TIME DZFFERENCES

1 12

1- 584 61-8 1 11-8 1

PAIAMETER VARIABLE TYPE FACIOR ORDER ESTIMATE ST. ERR. T-NATIO

I TRANS MA 1 1 .8092 .0687 11-78

2 TRANS MA 2 12 .9239 01231 7.51

3 TRANS A0 1 12 .3244 .1884 1.72

"'i. ,FOkLCASIS

85 10 io.9312 1.50917

86 10'.10S53 1 5 568!. 11 .I531-5i5"15

95 12 3.9P.551 1.54669
86 1 2.96627 1.5d669

8t 2 i.6610 1.61171

rb 3 4.9607V 1.63634
86 4 S.4763U 1.6bObc
8b S 6.3F 746 1.6452
86 6 4.b56bsj 1.7L810
86 7 6.2957* 1.73136
86 8 4.9383t) 1.7!)432
86 9 b.42891 1.9t111

SuM OF 12 FORECASIS

The observed value for the Box-Pierce chi square is 25.20 with 20

degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Ryukyu Islands/General/Breakbulk

.•0. .U0

:001
'.. GO U00
5. 1b. ,Olb
6. 2. .02

b. 219. .219
S9. 1. .001

IGO b, *000
11. 25. e U2b
1Z. 295. 629b13. 2"70. *27U

15. 139. *139
16. 18 .016
17. 23. .U23
16,0. 6000
19. 9. LO09
2U. I. OuG1
21. 0. 000a
2Z. 3. .L,03
23. 3. ,O.s
24. 59. US9
25. :0b1
e o ou 63,..1. 2. oh02
28. 0. 00.
29. 0. .U~la
.14. 27. e027
31. 0.0G
32. 11. .11
33. 3 U.33'.. ~ 88. O•
304. a. .08o

3b. 2. . U U
37. 50. .USO

38. 33. .033
39. 12. .012840 299. .29v41 . 0. .0

42. 3. .03
43* 12. 00121

"" .5. .001l
" '6. 0 .U0O

"7. 8 . 04
• .,8. 11. .Oil

'.9. 1.. .014
50. 72. 0071
151. 18. .Olb
52. 0. .LOU
53. 6. .Olb

4. 12. .OIZ
5. 1. .OU015b. I * .u0l

57. 6. .UV3
b8. 70 .LD7
59. 0. L()U

6 .000
61. g0.1
62. 0. ., O
63]. 2. .O-M
0'.. 1 . L001
66). 41. .004
6b. 2. ..Of
67. 3U. . 03

7. a.

, ,71 • 29: :S272. 13. .014

73. 17. .0174. 143. .14.5
75. 3. uOj
76. 119. .119
77. 115. .011
76. 59.
79. 10. .010

% b 0o .0 Ln
81. 271. .271
82. 0. oUOU
L3. 6'.. .U64
8l. 1.s.l

H-92
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CAA-SR-85-11

California Coast to Ryukyu Islands/General/Breakbulk

TIME DIFFERENCES

1 12

1- 8% (1-8 I 41-h I

PAWANETER VARIABLE TYPE FACIOR ORDER ESTIMATE ST. ERR. T-QAIlo

1 TRANS NA 1 1 .8358 .Ob20 13.117

2 TRANS "A 2 12 .9378 .0362 25.92

3 TRANS AN 1 1 -.3043-001 .1171 -.26

'a TRANS AR 2 12 -.1176 .0688 -1.33

FrOLCAS IS
85 10 .12868 .Gb031
85 11 1.230 .0b131
85 12 .18964 .1'6230
86 1 109'a7 .nb327
86 2 *U97 q2 3
86 3 .UP467 .nbli
8b '4 U94Obq .0 bbl2
86 5 .1r591i O~bMS
86 b .07206 ,')797
AL 7 .09?93 ,bs88
86 8 .O8828 .r6978
8b 9 .1q2q .09U16

SL.M OF I FORECASTS 1.31

The observed value for the Box-Pierce chi square is 11.42 with 19
degrees of freedom, which is not significant at the .05 level.

H-93
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CAA-SR-85-11

California Coast to Ryukyu Islands/HHG/Container

1* 39. .o03
2. 2. .002
3. 15. 015
44. 52. .USZ
5. G 25

7. 91. o4,9
8. 60. N
9. 52. . 52

10. 2b. *U2b
110 80.P12. 7. .007
1"-"1'.. . .uld

16. 5.D
17. 21. oU22
1. 135. .135
19. 0. 0.q
20. 61. *I61
21. I11 .1ll
22. 21. u21
23. 83. . J83
24. 11. .011
25. 7. .u07
z.b. 39. U 3-s
27. 32. 032
28. 31. 31
-,9. 25. .025
30. 78. .07a
31. 171. .171
3i. 28. ,u2a
33. 65. .06i
34. 1(15. .165
35. As. .084
36. 52. .052
37. 52. .0L52
3b. 88. oUP8
39. 57. o.51
4U0. 99. .U99
41. 137. .137
42. 75. . J75
1#3. 100. 0100
4'. 120. .12U
45. 35. .035
46. 106. .I1b
47. 0. .000
4b. 43. OU45
49. 112. .112
50. 51. .052
51. 84. .083
54. 28. .J28
53. 30. .130
54. 39. .L39
55. 60. u60
56. 10.
57. 27w .027
58. 36. .U3o
59. Il. .O11
6L. 25. e L25
61. 5. .00!
62. 8. .Ulb
63. 14 *034
b4. 27. .d21
G,5. 12. .012
66. 39. .039
67. 60o .U60
68. 13. .01
69. 33. .U33
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CAA-SR-85-11

California Coast to Ryukyu Islands/HHG/Container

TIME DIFFERENCES

1 12

1- 69 (1-0 1 91-b I

PAkAMETER vARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

1 TRANS MA 1 1 051#17 .120 2.83

2 TRANS MA 2 12 *9318 00480 19.39

3 TRANS -A1.448 .1915 -2.31

4 TRANS AR 1 2 -.3058 .1657 -1.85

FORECAS IS
85 10 .01023 .0309
8b 11 .03674 .r136'
R5 12 -.0164b .0146 94
86 1 -.00932 .*'82
P6 2 .006b8 .p494q
86 3 -.00q33 -CS103
86 '4 .01609 .0 242
86 5 .0C273 .L5371
86 6 .o395u .C55a5
Pb 7 .o ' r.°'563'4
8, 8 .02890 .Vb759
86 9 601911 .05948

SUN OF 12 FORECASTS .19

The observed value for the Box-Pierce chi square is 14.82 with 19
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 01-79.

H-95
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CAA-SR-85-11

California Coast to Ryukyu Islands/Special/Breakbulk

2. 6. :N

U2J a,
o 0. GOO

6. 55. -d -5

7. 133. .133
E. 0. *L
9. 0. .0i1

10 0. IUOj
11. 0. •00,a
12. '7. O 4ik
13. 35. L35
1'0 O. CO0
1!:. 33. .-33
16. 47. L41
11. 0. .LC
13. o. .Our
19. 0. .bOb
2.. 0. ouO021 o•. O• uu

21. a. . O0U

25. 0. .WOO
2b. 53. .S3
27. a. .UOU
2b. U. .LQU

S29. 0. ou
30. 0. 0u U
31. 0 . .oCu
32. 0. .UOU
33. 78. (07b
3. 24. oj24
3b. 225. .225
36. 0. .LOO
37. 0. .UOU
3u. 0. .U 0
39. 36. u,3t
0o. 0. oUOLh

41o 0. .0O
42: 0. otira
4 3. a. .LOU

'5. 0. Ou00
b.7. 1117

-7. 216. .216
'd. 7. 07
4.9. 19. .UI'
5U. 0. .LOu
51. 90. .39U
52. 0. .C0
53. 0. U0O
54. 37. .L37
9j5. Do .0110
56. 0. D000
57. 0. oUnU
5b. U .. OU
59. 170. .I7,
60o. 0. oOU

I
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CAA-SR-85-11

California Coast to Ryukyu Islands/Speclal/Breakbulk

TIME DIFFERENCES

1- 60 11-8 1 11-bi I

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. 1-RATIO

I IRANS MA 1 1 .9725 0300 32*.4

2 TRANS MA 2 12 .6575 *9O 6.99

FURLCAS IS

85 10 .04707 .06770
85 11 .040'7 .06773
85 12 *U9428 .0b77S
86 1 .U4075 .Cb778
8b 2 oU3620 rP6780
P6 3 .05922 or6783
86 4 .U609b .Cb785
86 5 .03620 ,nbU8
86 6 .04774 .0679 1
86 1 .07253 e06793

8 .17735 rb796
86 9 *u6222 .C722

SiM OF £2 FORECASTS = .18

The observed value for the Box-Pierce chi square is 17.26 with 20
degrees of freedom, which is not significant at the .05 level. The data
series on which the model is based begins on 07-79 and has 10.79 and 8-84
set to zero.
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CAA-SR-85-11

Hawaii to Hawaii/POV/Breakbulk

. l42. .1422, q~'6. ,q

3. 26. ,2b
6. •69 :069
5. 9b U96

78. .G78
7. 55. .0I5z
6. 21. .021
9. 61. ubl

IU. 55. .0 5
11. 64. .U64
12. 61. .061
13. 30. .b3j
14. 60. .fla
lh. 36. Li36

--, . bb. .L bb
i7, 2 .,

* -0. 5-5. .5
19. 50. ,ISU
2u* 27. .U27
21. 1 0- . llu
22. 37. .G37
2.3. 58. .sij
2. 34. .U34
2." 74. .75

b 4~7.u7
27. ;3. .u53
20. 81. .U81
29. 16. .01 t
30. 98. a09b
31. 53. .L SJ
32. 51. . ,- 1
33. 51. .GV
34. 151. .151
3S. 160. .160
36. 93. .093
37. 91. .U91
38. '.1. C4'1
39. 53. .053
4O. SO. u so
4.1. 'sO. .usd
'.2. 14sU .14
43. 24. L2%
44. 22. .022

. '.5. 25, .02
46. 65. .L65
67. '680 .a 48
8. 36. .0 3b

4.9. 68. .068
5 r . 6 :,0
51. 5i
52. 65. .U65
53. 47. .u47
5's. 7. C CI
57. 149. .145

58 . 59. . 59
59. 44'. . (j 44
60 88. .uFb
61. Pa. . u P
6Z". b8. .. 88
63. 41. .qI
6'. 70. .070
65. 67 . .u07
66. 25. 025
67. 72. .U22
6. 16. .old
69. 30. .u30
70. 5. jqb
71. 7'.. .07.
72. 63. .063
73. 42. . 0-"
74. S. .05'
75. 53. as.$
76. 15. .01b
77. 53. .U53
7b. 7'. .074
79- 131. .131
80. 26. .026
81. 62. *06-2
bZ. 27. U027
V3. 56. .USb
84. 4b. .L 1b
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CAA-SR-85-11

Hawaii to Hawaii/POV/Breakbulk

TIME DIFFERENCES

1 12

1- 84 l-8 1 1-B I

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

I TRANS MA 1 1 .65449 .0831 7.88

2 TRANS MA 2 12 .8368 .042( 19.75

3 TRANS AR 1 3 -.2396 .1097 -2.18

FORLCASTS
P! 10 .0586b .03701
865 11 .05584 .03893
S5 12 .j386b .0S910
P6 1 *0 3U3 . l4017
86 2 OU.t5 3 9  .04120
P6 3 O4191 .04269
88 4 .4430 .(14382
86 5 .j1673 .4492
So 6 .dS 3 4 .U4589
8b 7 0'46cu .'4691
Fb 8 .U

5
6?1 n4790

8b 9 .O51 V ,03b

SUM OF 12 FORECASTS .5b

The observed value for the Box-Pierce chi square is 22.26 with 20
degrees of freedom, which is not significant at the .05 level. For the
months 09-82, 10-82, and 11-82, the tonnage values were reevaluated from
113.46, 10.88, and 125.99 to 88.44, 88.44, and 88.44, respectively. 88.44
is the average value for these 3 months.
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CAA-SR-85-11

Hawaii to Hawaii/Amiunition/Breakbulk

1. 1. um0
2. 33. .033

3.7. .071
4.33. lb 33
5. 69. .06

6. 73. .U07
7 . 60 . . u6J

6.3b. . Li36
9. 2. . 4u02

10. 51. . L51
I1I. a. . iD b
12. 38. 3u
13. 79 .U79
1* 61. 061
15 . ,UO5

16. 25. .02!
17. 7. .o7
1 b . 6 7 . I N6
19. 95. o 11
2. 24. *u 24
21 2 L;0

.12 : ~ .1.:b4
23. 2. .002
24. 0. U.
2! o 10. ,0IC

26.0. OU
27. 1. 01
2.. 1. ,U0
2 9. LC.04
30. 1. .001
31. 5. .UO5
32. 10. .0i
233 2. .UO2
34. 1 . .001

3 5. I0. .000

3b. 37. U 37
37. a. .0'1
3a. 0. uOU
31 . 0. .000
4U(. 0. .uGi

1. 1. U01
.2. 40. . 020
43. 12. .014

'.5. 9. . 0L9
4 6. 6. .00b
461 '.6. L04b
'46. 6. L006
4.9. 28. u 18

60.7 0. °0

1. 14.. C014
52. 5. .LO0
53. 6. .u16
54. 5. .011
55. 22. .022

57. 24.. . Li 2
bis 99. .U99
,9. 32. .032
6... 16. 0u
61. '.9.t"
62. 7. .uOr
63. 1. .UO
64. 9. .09
b5. 18. .Uld
bb6. 0. .000
67. 3. .O3

66. 7. .07
69. 7. .032l
lu. 161. .161
71. 1 uOl
72. S. O
73. 38. .03d
74o 128. .1 b
75. 1. Uo0i
77i. 13. .100
7b. 0. . L00
79. 0. UP00
6L. b. .u06

a2. 163. .163
hi. 0. .00
17. 127. .1 1
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CAA-SR-85-11

A' Hawaii to Hawa i/Aumunition/Breakbulk

TIME OIFFERENCLS

, 1 12

1- 84 41-b 1 41-8 1

PARAMET R VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

1 TRANS MA 1 1 .8346 .0742 11.25

2I.,.- z TRANS MA 2 12 .2ol .1335 3.15

3 TRANS AR 1 1 -.104O .1352 -."7

" TRANS AR 1 6 -.2198 .1248 -1.77

FRLhCAS IS
85 10 .060 a .. 03952
85 11 .09833 .pjl02
85 12 .02289 V 1,0O15
86 1 .0129b .C088
66 2 .1n830 .04130
F16 3 .C1549 .04139
Pb 4 o0202b *r4187
86 5 :u2533 .r%211
Eb 6 -b23sU *nf238
86 7 .16312 ofl4264
86 8 .o203 .E I.290
8b 9 .04037 .05208

SUM OF 12 FORECASTS bl

The observed value for the Box-Pierce chi square is 9.95 with 19 degrees
of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

Hawaii to Hawaii/General/Breakbulk

1 309.
. 388.

3. 131. *131
702. .702

5. 292. .292
. 5591.

7. 609. .60y
6. 313. .313
9. 29b. .2

9
0

10i, 535. .635
11. 650. Ora
12. 268. Zi
13. 40. .4c%
1'. '96. .qt,
150 11.0. .140
lb. 211.0,1
17. 22U. .
18. 374. .s76
190 3100 031LU
20. 2'9. 29
41. 209. .209
22. 6'O. .6!j
23. 635. .635
24'. 377. .377
25. 375. .37t,
20. 239. .239
27. 197. .197
2b. 175. 017
29. 279. .279
30. 374. .3743l. 344. 0344
32. 778. . Id7-33. 691. • 05

3'. 625. b625-3. 602. .o02
.6 624.. .624

* 37. 511. .o 11
3L. 392. .382
39. 115. . 11!,
'. 85. o66!
.1. 192. .192
20. 233. .2 3S

'.3. 24b. .24b6
44. bi. .b 1
45. 587. .!P7
46. 423. 9.23
'7. 761. .761
'o8. 766. .76b
49. 275. .275
50. 173. 0173
51. 191. .191
52. 526. .526
53. 230. .2 3U
54. 323. .323
55. 187. .107
5b. 547. .17
57. 729. .72Y
58. 685. .6R5
59. 35U. °39ZA
b4u. 376. .376
61. 320. .32U
62. 490. 9j
63. 269. .- 6V
6'. 269. .269
b5. 269. .269
66. 230. .23
67o 273. . 2
68. 68. ob84
6Y. 230. .230
70. 611. .1,14
71. 716. .71b
120 635. b 35
73. '02. .40214. 481. .481
7S. 538. .53M
7b. 14q. . "04
77. 5230 623
7,;. 2A7. 0P
79. 182. .I -
80 760. .76U
81. 815. .d15
82. 632. .632
83. 930. .93U
84. 70. .'7U
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-CAA-SR-85-11

Hawaii to Hawali/General/Breakbulk

TINE DIFFERENCES

1. - 8, fl-B I (1-as I

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WATIo

1 TRANS MA 1 1 .90UG .0441 20.43

2 TRANS MA 2 12 .728b .0788 9.25

3. TRANS AW 1 12 -.2081 .1231 -1.69

FORLCAS IS
85 10 .47237 .20309
85 11 .49463 .2U409
as 12 ?S0
86 1 64i u .?L6O8
86 2 .36484 2u707
86 3 .41895 .2L805
86 4 .38329 .2L9 03
86 5 .66811 .?11101
66 b .5F749 .21.;98
6 7 .71412 .21194
8b 8 .7421b -,2 129,3
86 9 .b348. .21545

SUM OF 12 FORECASIS = 6.15

The observed value for the Box-Pierce chi square is 19.30 with 20
degrees of freedom, which is not significant at the .05 level. For 08-80,
the tonnage value was adjusted from 1002.31 to 602.31. For the months of
12-82, 01-83, and 02-83 the values of 291.91, 88.41, and 426.64 were
replaced with the average of the three values, 268.99.
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CAA-SR-85-11

Hawaii to Hawaii/HHG/Breakbulk

1. 12. 4012
2. 3. U033

V3. 3. . EJ3
7. 11. .11

0. . 10, .0I0
10'" . 2. .002
1-",1.7 11•.011I. 2. ICA
13. .o .01

7 0017

.- 13. 0. .0t00Ia. 2. .102

17. 0. .0 00
18,. 2. L ,419. C .L6114. 0. .u'. 'a. u

22. 10 .Gel

••2'a. 5.
2. 0. *0
17. 7. .Lb

""2,i. 12. . l29. C. LcU

31. 3. .un332. 5. .OU0
33. 9. .0O9

24a. Sa.

3 .. 2.•,b--6. 0. 000
37. 7I. .011
24 .* 1U2.

39. 3. LO

3u. 13. . l
34.0. .31. 11. .0I1

I'39.
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CAA-SR-85-11

Hawaii to Hawaii/HHG/Breakbulk

TIME DIFFERENCES
1

1 42 61-8 1

PAHAMETER VARiABLE TYPE FACTOR ORDER ESTIMATE SI. ERR. T-RATIO

1 TRANS MA 1 1 .9475 .02# b  38.52

FOKLCASTS
85 10 .00642 .0U852
A 5 11 0064a2 Vil0854
P5 12 .00642 Ou 5
86 1 *oP,6'2 r356
A6 2 .00642 .Ou8S7
86 3 *ul6q2 nf1O95e
8b 4 *Onf642 nlL3.859
86 5 O6'42 V('t861l
8b 6 .006'4 .(008b2

% 86 7 OP642 P08'163
86 8 UflG42 .OL64
8b 9 .U064i ePua(5

SUM Of 12 FORECASTS .8

The data series used to generate this model was begun with 04-81 due to
irregularities in the reported data prior to that time. As a result, it
was not possible to fit a seasonal model to this series, even though
seasonality is a characteristic of HHG. The observed value of the Box-
Pierce chi square is 10.72 with 23 degrees of freedom, which is not
significant at the .05 level.
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CAA-SR-85-11

Hawaii to Hawaii/Special/Breakbulk

1. 4582. o SU
2. 2512. 2.512
3. 2003. 2.003

4 418. .4Jb
5. 3692. 3.692
6. 2810. 2.Llu
7. 3327. 3.327
8. 24,s. 2.405
,. 354. .3!A
I0. 15771. 15.771
11. 934U. 9.31U
12. Ise. .lr b
13. b34. u
14. 65. .bt
15. 72. .L72e
I" t6. 179. 17y
17. 1601. 1.601
I- 18. 893. bgs
19. 1052. 1. 52
kO. 59C4. 5.9"1
21. 742. .74?
22. 11l-O4. !1.bC4

24. 8915. 8.91),
24. 307. .4501
2 5. 348. .348

Z6. 179. .174
27. l1b. .11
2a. 43. .043
29. 151. .151
30. 92. .U92
31. 141. .141
32. 540. .540
33. 58. *U o
34. 871b. 8.71b
3r. 13805. 13.806
36. 66. .u:u637. 118. .11"

36. 294. .2 N
39. 84. .uP4
'4(. 164. .164
41. d. .LCa
'?. 43. .04.S
43. 4433. 4.433
o44. 9957. 9.957
4!. 8437. 8.437
4b. 9662. 9.D62
47. 113S1 . 11.3-1
4d. 2938. 2.936
49. 8470. 8.4 0
5O. 162. .162
51. 35G. .350
S,. 536. .!)36
53. 1955. I.Vc!)
14. 112. .11;
55. 2512. 2.512
56. 343. .343
57. 77. 1,77
5t. 10793. bo.193
59. 17318. 17.316
f.C 15942. is.94Q
61. 3121. .
62. (4415. 4.415
63. 40. .0li0
641. 235. .235.
65. 351. .351
660 279. .W79
67. 7890. 7.690
68. 7228. 7.228
69. 337. .. 37
7u. R724. 8.724
71. 7140. 7. I Q
72. 3,9. .35l
73. 328. .32a
74. 148. .148
75. 190. .1Q9
76. 723. .723
77. 15R4. I.!
7a. 329. .329
79. 604. .bC4
80. 26b. flb
61. 1603. 93
A.. 64O. .64U
63. 9141. 9.141
k4. 784. .784
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CAA-SR-85-11

Hawaii to Hawal i/Special/Breakbulk

TINE DIFFERENCES

.". 1 12
',','- I- 8 I l-B I I l-B I

'-

PA.AMETLR VARIABLL TYPE FACTOR ORDER LSIIAIE ST. ERR. T-RATIo

I TRANS NA 1 1 .7724 .100 6.55

2 TRANS "A 2 12 ..215 .1V55 2.16

3 TRANS AH 1 1 .1702 .1852 .92

4' TRANS AN 2 12 -.3282 01951 -1.68

F kLCAS IS
8b 10 -.'61979 4.01426
85 11 -1.36911 4.1b266
85 12 -3.23821 .Z.o977
86 1 -2.98676 4.4.1062
86 2 -2042443 % .5.782
86 3 -3o12728 4o642CO
t 6 4 1.02631 4.7b3Q2
P6 5 .7866 '.FLZ28
8L 8 6 -2.135lu q 9.7b
86 7 J.Sq8s.7 5.C7301
6 8 b069912 5.17516
86 9 .9be711 5.5.4275

SLH OF 12 FORECASTS -2.39

The observed value for the Box-Pierce chi square is 17.07 with 19
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Hawai i/Chi 1l/Breakbulk

1. 20. .020
2. 11. .Oil
3. 30. .030
4. 33. .03.
6. 18. .018

7. 7. .f)7

' 26 L 2b 2b

10• 18. .ld
11. 13. .313
12. 31. :u31
13. 9. .b09
14. 25. oL2z
15. 10. LI0
lb. 43. .043
17. 20. .u2j
Is. 6. L. 86l
19. 9. .0094
"U. 5. .00
21. 1. .01
22. 12. .012
23. 4. ur)f4
24. 28. .Li2
25. 4. .,04
26. 29.. u2 ,
27. 17. .G17
28. 21. .021
29. 21. .021
30. 4. .00.
31. 6. •Gb
22. 3. 003
33. 11. .011
34. 5. .uM)
35. 24. .U24
36- 20. u02EI
37. 14. U1W
38 21. .L21
39. 19. O 19
40. 43. .043
41. 5. 005
4.i 4. .604
43. 5. . b
44. 13. a0ls
45 . 7. .U07
146. 25. u25
47. 52. .L52
48. 23. .023
49. 13. .,13
50. 30. 03j
51. 18. .01 ,
5e. 30. •. U

63 . .O06
S7.007

5!) 7. .LO
5 10. .01I

59. 31. .31
t•C . 9. al
61. 19. .U19
62. O5.l
b3. 4 .L)53
64. So. .OSU
b6. 9. 0.0

9

b6. 6. .UO0
67. 4. .U04
bE. 7. .L01
69. 6. .00,
70. 45. .45
71. 22. .U22
72. 48. .081
is. 35. .u35
14. 15. .01
7S. 30. . L 3u
76. 45.0
77o 4. .#,L4
7b. 8. . uo
79. 1U0
80. . .0C4
81. 90 .Uc9
82. 13. .U14
63. 11. .0l

4.45. o U4!)
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CAA-SR-85-11

California Coast to Hawaii/Chill/Breakbulk

TIME OIFFERENCLS

1 12
'-"1- 8t I1-B I 11-B I

PARAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

I TRANS MA 1 1 .9016 .0552 16.38

2 TRANS "A 2 12 -.2552 .17T6 -1.11

3 TRANS AN 1 1 -.178 .131S -.96

4 TRANS AN 2 12 -.7828 .1310 -5.97

FOULCASIS
85 10 o0267Y .01374
85 11 .01185 .U1381
85 12 .Ot6Sd .01386
e6 I .O O50 .01391
8b 2 UL631# .01396
8b 3 .005U a .11401
F6 %.UO094 *01406
1.5 .004bU .C01411
ab 6 LI0614 .1417
80a 7 .03492 .r1422
8b 8 .U15b4i .1427
8b 9 .04222 .01621

SuM OF 12 FORECASTS .25

The observed value for the Box-Pierce chi square is 21.51 with 19
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Hawali/Freeze/Breakbulk

z.216. U2!)
30. .3

S3. 26. .02o

6. 3#4 . U 34
7.18. .01d

*,8.37. rj 37
9. S2. .052

10. 57. .057
11. 19. .019
12. 466.U6
1 S. 41. .6 141
14. 31. .U 31
1!. 26. .02b
16. 32. L 32
17. 39. .U39
13. 69. .0L49
19. f3. .05
2G. 22. .L 2
21. 163. .043
12. 88. (1
2S. 53. LE
24.. 32. .U32
'IS. 27. .027
26. 33. .033
27. 22. .U22
28. 19. .0i19
29. 33. Is
30. 47. .u47
.19. ;I. .u51
32. 54. .O52
33. 58 . " Su
34. 96. L.9u
35. 6G. 9U61
3 b. 40. .U4U
37. 82. *.L ki
3b. 26. .U
39. 27. .027
40. 90. o~
41. 23. . U2
,2. 32. .L34
463. 66. .06 b
441. 81. .U81

167. 70. .L70
'lb. 66. U 6b
169. 89. .08v
50. 163. .0163
51. 65. %16!)
52. 616. 0fl64L3. 51. . 51

~~3. i 51 5

-' * 54. 65. .,F.5
55. 76. .ulb

5b. '8 .0• 67bU

5d. 91. .J
9
1

59. 62. 02I
b- . 94. 1J4
21. 71. .171

62. 66. bb

,. b3. I6 I . 1

64. 56. .u16
6!j. 83. .ue!
66. 65. 0105
b7. 75. *, 7
66. 77. .077
69. 79o. ?09
70. 121. *7
71o 71. 7.67,
72. 69. B
73. Irl. .inI

75. 50. .L5u
1b. 26. u;.
77. 97. ,U91

7Lo. a. .UP
79. 61. o, I
-L. 67. .L67
61. 12. .10o oI2u
82. 68. .uG
L3. 171. .121
8416. 99. .u9v

;?..f. .H-.l.

70. L&. oi..&



CAA-SR-85-11

California Coast to Hawaii/Freeze/Breakbulk

TIME DIFFERENCES

1 12

PARAMETLR VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIo

1 TRANS MA 1 1 08334 .0773 10.78

2 TRANS MA 2 12 .7499 .023 12.0

3 TRANS Ak 1 1 -.2123 .1307 - .62

4 TRANS AN 1 2 -.2468 .1319 -1.87

FGRLCAS S
8. 1 I .08386 .02336
85 11 .06899 .V231
8b 12 .U7819 .02384
86 1 .06866 .l.'G7
S6 2 .08012 rOi4lb
8b 3 .U9079 o0243n
F b 4 .0P25a nf2447
Pb 5 .0615 .r)1b1
8b 6 .1r39 .nZ475
8b 7 .19627 .n-9
8b 8 00951U *;2504
8b 9 .08b32 .02644

SUM OF 12 FORECASTS I l.C3

The observed value for the Box-Pierce chi square is 21.62 with 19
degrees of freedom, which is not significant at the .05 level. The data
series for the model generated was changed from 175.72 to 75.76 in 04-82
and from 206.14 to 120.54 in 08-84.
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CAA-SR-85-11

California Coast to Hawaii/Freeze/Container

I. 26. .L2b
2. u. .uOn
3. 0. .UOO(
4. 24. .1124
S. 26. L02b
b . 0. .LO
7. 24. .024
8. 23. .02a
9. 23. .U23
10. 24. .0241

11.0. .LOU
12. 23. .L2i
S13. 37. .037
1'4. c . . J
1s. 17. .017
16. O.•17. 1 .j)718. lb. . 4, Itj

19. 0. ijm
20. 50. .L50
21. 0. .10Ou
22. 16. .Olb
23. 0. .0G.d
24. 0. Ou
25. O. .tLLI
26. 0. *Lnj
2-1. 17o.j".bZ . O.Uu
29. 19. . ly
.0. 0. .00
31. 35. . !
32. 0. .LOJ
33. 21. *G21
34. 40. oqu
3t,. U. , Ou
36. 38. .036
37. 1. .L 18
3b. 0. .LOG

. 0. cO4, 20. G020
41 . 2O. . u 2)
42o a. *,;00

43. 19. .(A l )
44. 0. U 2;j
45. U2-'
46. 0. u
'07. 26. .u~b
46. 42. . u4.!

50. '08. . F048
51. 0. .QO4
52. 0.
53. 21. .021
b4. 22. .U22
55. 0. .uOJ
5k..:26. .4U2o

'9. 24. .U24
60. 22. .022
bl. 0. .uou
62. 22. .; 22
63. 0. L GO
b4. 22. .022
65. 45. .d45
66. 0. .u[)
b7. 45. .041
68. 0. .O5
69. 0. .uOJ

0. 21. .021
71. 0. .C00
72. 46. .04b
7j 73. 23. .023
74. 46. .4b
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CAA-SR-85-11

California Coast to Hawaii/Freeze/Container

TIME DIFFERENCES

1 12

1- 74 41-B I 11-b

PAkAMETEA VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WATIO

I TRANS MA 1 1 .7794 .0923 9.45

2 TRANS "A 2 12 .4433 .2004 2.21

3 TRANS Aik 1 1 -.3229 .1353 -2.39

4 TRANS Ak I t -.J7u9 .1281 -1.33

5 TRANS AR 2 12 -.3677 .2121 -1.73

FORLCASIS
8 10 .01076 .e1886
85 II Cfl775 .U1945
85 12 .02654 .n1963
86 1 :1481 .01963
66 2 .01731 .o.012
86 3 .0230o .n021
8b 4 .00924 .oOqq
8b 5 .02298 .nJ6a
M6 6 .0l910 .02082
Fb 7 .U 3 4i .na:o
86 a .0f1944 .02120
86 9 .U2684 Vfl:Z12

SUM OF 12 FORECASTS .22

The observed value for the Box-Pierce chi square is 21.62 with 19
degrees of freedom, which is not significant at the .05 level. The data
series which was used to generate the model begins on 08-78. For 09-84 the
tonnage value of 90.85 was replaced with 45.85.
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CAA-SR-85-11

California Coast to Hawaii/POV/Breakbulk

1. 1470. l.47u
1753. 1.753

3. 151s. 1.514
4. 1923. 1.923
5. 2285. 2.28b
6. 1761. 1.761
7. 1S33. 1 .533
8. 180b1• 1.bCb
9. 21334. 2.b 34
10. 3747. 3.747
11. 3824. 3.62
12. 2268. 2.e:6
13. 17?. 1.724
14. 1543. 1.5.3
15. 20F4. 2. R4
16. 1624. 1.G24
17. IbC6. l.tCu

" 1,i. 1714. 1.71.
19. 1126. 1.2b
2
u 1306. 1.300

21. 1716. 1.7lb
22. 1405.
23. 2770. 2.7 7U
24. 1155. 1.1s5
25. 13!4. 1•31;

*2(,. 1144. 1.1"'.
27. 917. .917
2b. 1003. 1.u03
29. 2093. 2.U93
30. 82's. .b 2
31. 1238. 1.13o
.52. 1924. 1.924
33. 1662. 1.b62
'. 1889. 1.89
.5- 1682. I.88

3,31 ~ 1 3a
37. 4.4 l.447
343. 982. .982
39. 97. .947
'u. 1661. 1.661
41. 1030. 1.0.1
42. 1013. 1.013
43. 1536. 1.536
4'. 1383. 1 .383
4b. 2275. 2.275
4 t. 3276. - 7b4 7. 2366.

u . 2535. 2.!3t,
49. 1371. 1.371
5L). 859. b 9S1. 17A4. 1. 7 P4
!2. 12P3. I1.1e 83
53. 1310. 1.310
54. 14S1. 1.451
55. 1576. 1.576
5t. 13F1. 1.3 1
5?. 2 175. 2.17!
5. 3272. 3.27,
59. 2475. 2.475
60. 2560. 2.!660
61. 1723. 1.723
62. 1124. 1.124.
63. 2006. 2.LOb
b4. 1825. 1.625
65. 1717. 1.717
b6. 1560. 1.5(J
67. 1622. 1.622
61. 15F6. 1.5I 6
69. 2135. 2.135
7u 2653. 2.53
71 223. 2.,w23
72. 2423. 2.423
Ii . 2034 . 2.U34
74. 1470. 1o.4 7U
75. 1473. 1.473
It, . 1961. 1.961
77. I .U .4 ba
7 . 2243. 2.,43
79. 1133. 1.133
60. 300's. 3.0 f4
'1. 3181. 3.181
b. . 27Q7. 2.7F7
c3. 33fl. 3. sr4
h ,. 2577. 2.577

H-114
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CAA-SR-85-11

California Coast to Hawaii/POV/Breakbulk

TIME DIFFERENCES

1 12
1- 84 11-h I 1-8l 1

PANAMETEF VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO
1 TRANS MA 1 1 .6888 .0870 7.92

2 TRANS MA 2 12 .7858 .O4SI 17q3
-3 TRANS AN 1 4 -.2047 .1199 -1,71

FOiLCAS IS
85 10 1.91675 .61851
85 11 1.72693 .64524
85 12 1.9935U .6 7'19l
8b 1 2.o295L, .6738486 2 1.69874 .66951
86 3 1.81737 .7i,81
8b 4 159532 .71983
86 5 ..11749 .7.)984
A6 7 2.7n3lb .7567

S 7 3.1562'0 .77117
86 8 3.1184 *7b63786 9 :45461V ,.3.1316b

SUM OF 12 FORECASIS 26.53

The observed value for the Box-Pierce chi square is 22.33 with 20
degrees of freedom, which is not significant at the .05 level.
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*. CAA-SR-85-11

California Coast to Hawail/POV/Contalner

1.7. U007
. 0. .UO

3. 8 .La
4. I1. .011
SO 20. e. L20
b. 11. .dll

4. . 2. .002
2. 8.c6, O,, .06

9. 1. .013
10. 12. .01,2
11 4. *LO'
Ii. 14. lI
13. 3. .u0l3
14. 21. .L21
1. 19. .019lb. Be ,,,Lnb

17. I0. .Ulu
1i. 6.
19. 17. .Ull
2U. 4. .t.O1
21. 3. .U CS
22. 16. .0 o
Z. 27. 0217
24. 3o .00$
25. 13. .UI226. 17. i, 1l
2"1. 5. .Ul5
28 6. .UOb
29. 6. Lad
.sue 8. .00
31. 3e ..UOi
32. 6. uOb
34. 14. .0 1%
34. 15, .015
3!. 90 .r i
3t,. Ile .0l1
37. IC. .0lU
38. 0. .dj
39. Ile .LI
qr: . 6. .. Ob
41. 24. . G-'I
42. 17. .017
43. So .bOS
4'. 0. J cu
45. 22. . 22
4b. 0. .UDU
47. 18. ,Uld

49. 14. .014
50. 100 .Ulu
51. 13. .015
52. 0. .54;. 6. .Oo
5.. 15.

5. 0o .0*0
6bb. 8 .cd

57. O .UGO
58. 3. 0n
59. 3w UO)3
6u. 9, cj

i
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CAA-SR-85-11

California Coast to Hawaii/POV/Container

TIME DIFFERENCES

1 12

1- 60 (1-b I (1-B 1

PAhAMETEA VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIo

I TRANS MA 1 1 .8886 .0553 16.08

2 TRANS MA 2 12 .6989 *15C6 4.6#

3 TRANS Ak 1 1 -01496 *1235 -1.21

q TRANS AW 2 12 -. q49-001 .1950 -.23

FORLCASIS
85 10 .0074.5 .00962
85 11 .007084 .0096 9

85 12 oUOBd .CC973
8t' I .0n295 00977
86 2 .00686 .00982
86 3 .0060b nL98686q .00251 r,0991
pb 5 -.OCO3U 0095
86 6 .00331 nU999
86 7 .O6lJ6j 1004
86 8 a1O72 ouO30P
8b 9 -. JOIS5 oOL3614

SUM OF 12 FORECASTS Ub

The observed value for the Box-Pierce chi square is 15.69 with 19
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Hawai i/Amuunitlon/Container

1. . .u0O
2.3. .UCS

3. 95. o195
4. 32. .032
5. 83. G B.)
6. 39. .u3b
7. 17. ot 17
b. 129. .12V . 3. •orS

11 25. U 2t,
12 . 24. *L2%13. b7. .4,67
14. 3. O
1:, 0. . LCiJ1 • 73. . T.,

17. 54. u
Id. 15. .u15
19. 24. U324
2j. 112. .112
21. 4. . Ln4
2z. 32. .bU32
23. 32. *1U32
24. 25. 6!
26. 25. .02ts

74. .U74
27. 53. .053
2 6 . 2 . . O -'
W9. 36. e U36
3. 76. .U7b

31. 0. .LOU
32. 64. . u64
33. G. . L013
34. 12. .012
3 6>. 6 . .1Ub
36. 19. .u19€'- ' . 13. - 1

".'" 38. 1 • 1

.9. 1b. .u16
46I. 6. .1.,b
41. 0. U
4'0. lb. .014.
43. 10. ou IL
44. 2. 1Oz
45. 11 .011
46. 1. . U 01
47. 2. .02
48. 0. .Um
49. 0. .ZO0
5L. 0. .uiA
51. .UOb
52. 2. .1Q2
53. ). .LOu
54. 0. .uOO
5b. 19. .U19
5b 56. 1I .
57. 0. .1 313(
58. 0. .iLu
59. 1.UP
6U3. 0. .LOU
61. 2. .L02
t2 e. 3. 603
63. 1 .03
64. 1:uM
6!. 3. .(OO
6b. 0. .*LUG
67. 6. . ,00
68. 0. .dUu
69. 10. Llu

H-118
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CAA-SR-85-11

California Coast to Hawa il/Amnunition/Container

TINE DIFFERENCES

1 12

1- 69 41-9 1 11-b I

PAAAMALTER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-kATlo

I TRANS NA 1 1 .6983 .0972 7.18

2 TRANS NA 2 12 .5511 .0877 6.35

3 TRANS AR I I -.b318 .1018 -5.25

4 TRANS AR 1 2 -.5762 .0976 -5.90

FCRLCAS I
.F5 10 -80525 .02669

85 10 50 nf.696
85 12 -.01059 .03011
E6 1 -.00197 .0J025
F6 2 -.00924 .03J25
8b 3 -.086b .(3107
8b 4 -.00851 .)14dib
P6 -.U0566 .fl,1q
Pb 6 -.009sb .03178
86 7 -.un727 ..n3215
86 8 .UV027 .f.227
P6 9 -.G2151 .03562

SUn OF 12 FORECASTS = -. 10

The observed value for the Box-Pierce chi square is 16.39 with 19
degrees of freedom, which is not significant at the .05 level. The data
series used to generate this model begins on 01-79.
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CAA-SR-85-11

California Coast to Hawaii/General/Breakbulk

1. 36. . u3b
2 20. *020
3. 6. ,Urb
4. 18. U 1a

31. .U31
6. 21. u21
7. IC17. .107
U .- " . 70. G AA
9. 49. .J49

10. 29. .02V
11. 160. .1ba
12. 564. .504
13. 56. .ujo
14. 28. oU?b
I. 'j. 1. .6%1
lb. 13. Ub13
17. 72. ,u72
I d. 9. .: Cl
19. 18. .u27.2u. a. ,136
21. 1. .0a1
22. 82. .. 102
23. 80. .uSU
24. 164. .164
25. 2. .3O2
2b. 4. .U44
27. 11. .011
i5. 197. .197
29. 33. .L33

31. 3 . . U03
33. S. . M
34. 154. 4.
35. 2. .u02
3t.. 32. . 3
37. 158. 1
3b. 14.u
39. 8.
40. 4. . G V
'1. U. .0 u
42. 60. .L6U
'3. 119. .119
44. 4% . .344
,,5. 32. . u 32
46. 1. UCI
47. 32. u 32
4b. 76. .U7b
49. 1tG. .30

5,. 134. *13%51. O. .UOUS2. 37. . u31
53. 4. .0 04
54 ... 20. 020
55. 311. .311
56. .* *a~.
57. ,UO*
56. 202. Oe
59. 15. .o15
60. 117. ,111
61. 61. .061
62. 3. .U03
63. 71. .071
64. 196. .190
u5. 29. .2
.b. 0. .LO3
67. 9 29.-1
6d. 14. .U14
69. 27. .u27
70. 47. G047
.1. 0. 0c
12. 10. old3
71. 40. .uj
74. 99. .L; 9
75. 0. LW

, 7b. 0. LO
77. 59. LS9
7 ,L,. 203. .21r3
7 -. 77. .u 71
b U . 2,2. .62
81. 129. .1 2
b2. 18. .Gl
h3. 53. U"3
"q. 119. .119

H-120
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=I T - - W 7 +-. - 7 - a

CAA-SR-85-11

California Coast to Hawaii/General/Breakbulk

TIME DIFFERENCES

1 12

1- 84 11-B ) 1-b

PAkAMETER VARIABLE TYPE FACTOR ORDER ESTIMATE ST. ERR. T-RATIO

I IRANS 14A 1 1 *9013 o(445 20.23

2 TRANS HA 2 12 .7674 .0488 15.71

FORLCASIS
a5 10 .06589 .12063
Es 11 00697U .1.121
85 12 :03259 .12179
86 1 *0778U 1z237
86 2 .04975 .12294
86 3 008941 .12351
8b 8 .1?409 .124r8
06 S o11353 .12464
Pb 6 .U6S5b .1.5,2n
Pb 7 .08074 .1Z576
86 8 .07646 .1.632
86 9 .223u5 .13244

SUM OF 12 FORECASTS 1.07

tI

The observed value for the Box-Pierce chi square is 14.15 with 21
degrees of freedom, which is not significant at the .05 level.

H-121
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CAA-SR-85-11

California Coast to Hawaii/General/Container

1. 2921. 2.971
2. 3127. 3.127
3. 3753. 3.753
'4. 3262. 3.262
5. 2940. 2.9.U
6. 3 416 . 3 . 4 o
7. 3000. 3.00
a. 395a. 3,.5S
9. 5429. 5.429

10. 3473. 3.473
11 3277. 3.277
12. 3a32. 3.832
14l. 31 8. 3.196

1s. ?279. 2.279
, o. 27FJ. 2.7PU
17. 3562. 3.b62
19. 33.4. 1. e

2U. 5108. 5.1 r
21. 4711. 4.711
22. 31P0. 3.1u
23. 5470. 5..70
24. 3804. 3.o0G
2.. 3261. 3.261
26. 3383. 3.S83
27. 271.. 2.1l
26. 2750. 2.75J
29. 3110. 3.11u
30. 3610. 3.61U
31. 4679. T4.679
J2. 5857. 5.b!7
33. 4224. 4*:2
34. 399'.. 3.99435. 6C70. 6.0U7
36. 31B8. 3.18
37. 5355. 5.35%
3a. 3.89. 3.489
39. 3195. 3.19S
4L,. 1.02'.4 ,2
41. 3811. 3.o11
1#Z. 4926. 4.92b
1.3. 5122. 5.122
44. 5238. 5.23U
4' '5. '1.540. 4.54U
4b. 5901. 5.901
7. 5368. 5.460

4d. 6363. 6.364
19. 5039. 5.039
50. '973. 4.973
51. 4900. 4.90u
52. 1820. 1.62d
53. 551. 5.51
54. 5540. 5.54J
55. 683J. 6.M
sb. 51.8'.. 5.4.4
57. 6352. 6.3gZ
58. 8591. 8.59
59. 6379. 6.796f. 5961. 5.96
61. '47 . 4.141
u2. 4769. 4.769
63. 5750. 5.750
I1. 1.006. 4.06o
65. 5138. 5.130
bb. 6791. 6.791
67. 6697. 6.697
68. 5142. 5.142
69. blQ7. 6.197
7C. 6815. 6.8167 11. 6110. 6.11U
72. 7027. 7.027
73. 4866. 4.06b
71. 5278. 5.e76
76. 6337. 6.337
7b. 596. 5.0u9
77. 5390. 5.39J
76. 7713. 7.713
79. 7115. 7.11b
So. 8330. 8.33U
81. 753. 7.!3
82. 5981. 5.981
83. A231. 8.231
01. 7266. 7.26b

H-122
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CAA-SR-85-11

California Coast to Hawaii/General/Container

lINE DIFFERENCES

1 12

1- 84 1-8 1 1-b I

PAkAM(EJR VARIASLL TYPE FACTOR ORDER ESTIMATE ST. LRR. T-RATIO

1 TRANS MA 1 1 .8283 .0764 10.8

Z TRANS HA 2 12 .8022 .0543 104.76

3 TRANS AR 1 1 -,3240 01283 -2o52

4 TRANS AR 1 2 -o795 .1291 -1.39

ro~iLCAS IS
86 10 b.11541 1.26774
8b 11 b:53023 1.26881
85 12 b.14523 1.28995
8b 1 5o3764. 1.2,653
86 2 bo13766 1.I314
86 3 7.13212 1o31166
86 4 7.1"57b 1.31946
P.6 5 7o41313 1.3i.707
8b 6 7.69347 1.13460
86 7 Z.-6736 1.34246
86 8 7.5337 1.3bt'CS
86 9 7.281%U 1.40554

SUM OF 12 FORECASTS 81.13

The observed value for the Box-Pierce chi square is 24.17 with 19
degrees of freedom, which is not significant at the .05 level.
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CAA-SR-85-11

California Coast to Hawail/HHG/Container

1. 864* b6.
2. inS.* 1M
3. 1*3. :1414 4. 79. .U79
5- 115. .115
b . 84. .084
7. 57. .4, 57
8. 168. .16
9. 210.

10. 121.
11 26. ."8k1 . 341. .341

13. 146. .14bI14. 15-,G. 1 .1

1.. 91. .091
16. 7. •L78
17. 173. .17S

. 60. .L6d
19. 94. .U94
20. 72. . u72
21. 113. oils22. 129: .1 2
2f. 6 .u67."14 2 . 117. .1l

Is. 134. .134
U. 115. .115
27. 113. .113• ;o0 136. .1 36

29. 61. .u6l
3L. p I. uR
31. 118. .Ilb
32. 134. .13.4
33. 70. . LT7
34. 177. .177
35. 159. . I r4
36. 175. .173
37. in. .101
,2. 158. 1lSd

39. 90. .41R
400 892. JF2
41. 71. U71
42. 108. .I 0d

47. 73. .u7

qu. 173. .173
49. 113. 11s
50. 84. , 64
51. 77. .077
52. 86. u953o Ila. .1L1S

54. 98. .u9b
55. 14b. I b
56. 51. .USI
51. P6. U ib
5: s 53. 1153
59. 20. ,22J
b6i. 10* . .1-94
bi. 132. .132
62. 1111 .1
63. .079
6*. 63. .U63
65. 99. .O99
b6. 105. .IOb
67. 71. .d01
6(1. 42.U2
690 67. .67
7L* 45. .AJ45
71. 243. .243
72. 92. ,U9z

H-124
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CAA-SR-85-11

California Coast to Hawaii/HHG/Container

TIME DIFFERECES

1 12

1- 72 (1-6 ) 
6 1-B

PARAMETER VARIAbLL TYPE FACTOR ORDER ESTIMATE ST. ERR. T-WATIo

I TRANS MA 1 1 .8469 04153 18-69

2 TRANS MA 2 12 .3790 *o643 5.90

FORLCASIS
8! 10 .1090! .21837
85 11 .08712 .22086
85 12 .U5949 .22331
P6 1 .05082 .22575
86 2 .07862 .22815
Rb 3 .07989 .23i53
Sb 4 .0700b .2.s289
86 5 .u3057 .23522
86 6 ,05453 .23753
86 7 alc8bl .23982
86 8 .19582 .2,2U3
86 9 .°9992 .2Yh10

SUM Of 12 FORECASTS .91

The observed value for the Box-Pierce chi square is 10.10 with 21
degrees of freedom, which is not significant at the .05 level. The data
series used to generate this model begins on 10-78.
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CAA-SR-85-11

California Coast to Hawaii/CONEX/Container

1. 0. Unul~
2. 1. .U01
3. O. .00uO
4: -. 0. .u00
5. 0. .u00
63. 0. .0Wu
7. 0. . U 00
b. 0. .u
9. 0. .A

1 . 0. .G
11. 0. UOU
ii. 0. .,O0
15 I', O. V01u
13. 0.c

1. 0. .LOJ
It .0. .u d
11. 0. OU

2 .. .uOU

23. 0. .O:0W
24. 0. uOd
25. 0.•~~ ZO. ,LW
27. 0. .iou
2s. 0. .u
./ l. •0. .,.00

32. 1. .O
3. 0. .qu0
3' j.. O. .uOO
3!:. 0. . U00
36. 0. . a UJ=.,32, 1b , .OJ0

37 .. .O'0
3. 2.
39 . 0 .Ou
-17. U. .00

li2. 0. *uO0',3. 0. .L,c
*40.. 3. .uO3
' "" 6. 2'. ."# 6. 3. .00347. I. UO

43. 0. .Lc
51 4. 7. .0O3

!). 0. .2uOO
5. 1. .u0

5. J. 0

7.. *4.

So. 2. .. jfl57. a. .Uc

6. 0. ofu
t5. I. 001
6b. 3 . .On3
63. 5. .00
5e4. 0. o001
5. a. uOl
66. 0. . 4 00
61. 1. .001

0. O .000,2. 0. .UO373. 5 8..,(*4. 1. .U01

76. 1. .L01
16. 0. .JO0718 1.LO
7. . OD

U. 0. .0

d2. 1 6. L
8. 9. .UC;'V75. .uCb

7F...,

4..
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CAA-SR-85-11

California Coast to Hawaii/CONEX/Container

TIME DIFFERENCLS

1 12

1- 81. 11-8 ) I1-a I

PAkANETLR VARIABLL TYPE FACTOR ORDER ESTIMATE ST. ERR. 1-RATIO

I TRANS HA 1 1 .789 .ch38 9.42

2 TRANS MA 2 12 d6029 .0485 16.57

3 TRANS AR 1 4 -.3506 .12P8 -2.72

FuRLCASIS
85 10 *00374 .00200
85 11 .0r139 .OU204
85 12 .00088 0U208
86 1 .oc174 nu21O
A6 2 fjr197 .06212
86 3 On029t. *f# 213P6 4 .0.297 . V021
A6 5 .6024 7 rj221
2b 6 *uP221 .flu223
P6 7 .UC2ab tl226
8b 8 .0n59 .Cu22P
86 9 .00281 °CU236
SUM OF 12 FORECASTS r ,3

The observed value for the Box-Pierce chi square is 16.06 with 20
degrees of freedom, which is not significant at the .05 level. For 10-81
the tonnage value of 27.15 ws changed to 7.15.
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California Coast to Hawaii/Special/Container

1. 6. .bOo
2. 4t. . d 04
3. 12. .Ui2
di. 0. .00
5. 10. .0IO
7. 0. UOU
7. 0. .o JO

8. '8. .uib
9.. .0.

10. 1. .Ol
I1. I. .UO1
I . 0. .LOU1

14. c. . L00
15. I0. L IJ
IL. 69. ,9
17. 32,
I. 26. Ub2o
19. 17. *LIZ
Zu: 2. ,022I 1I1. oi 11
22, 0, .OU
e3. 16. .U16

2t. a. .cOi
2 e a. .Jk
27. a. .LUOu

28. u2o
29, 3. .00330. 0. .000
31. 38. .U3m
32. 16. .Ulb
33. it. .L04
34 • a, UOU

31 10. U
.s 9o. . uo,,

3 h. 53. , 53
3;. 15. .L1
'.0. '.. .J4
',2. 58. .0e43

1q3o IT**.
4S* 16. .L01

" .7. 7. .001
44. 46. .347
4,. 1. .LO1

5.. 9. .ui09
51. 6. Uu
52. 1 • -L91
5.3. 0. .o0o
t.5. 16. .AOi
5A 13. .114

57. 0. ,uU
5:1. 0. -GCh
59. 0. .,ja
6). 26. •b
61. 1. .1cl
62. 0. .LOU
(S .. .O
b6. .U03

66. 3. O
67. 1. ijCI

10 oI. k.0Ia
69. 0. u 00
70. 12. wuLe
71. 27. .U21
12. 3. UO.3
73. 4. .OC 4
74o 21 . .071

75. 6. ,UU,
7u. 20. .. 2U
77. 12. .uli
Id. 3.
79. 3. ,dO3
da(. 3. oh03
bi. 15. .015
84. 6.0
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CAA-SR-85-11

California Coast to Hawaii/Special/Container

TIME DIFFERENCES
-. 1 12

-, 1- 11 El-B I 41-b I

PARAMETLR VARIABLE TYPE FACTOR ORDER ESIIMATE ST. LRR. I-RATIO

I TRANS MA 1 1 .9140 .0015 22.02

2 TRANS MA 2 12 .8570 .04C,4 18.86

3 TRANS Aw 1 2 .1953 .1181 1.65

FOLCAS iS
A5 10 -.00044 .01887
85 11 .00737 .0196f)
85 12 .00591 .01969
06 1 .U1231; .01987
PRG 2 .G0719 .01997
86 3 .00721 .'0.O08
86 4 .u'599 .h]- Cll o
P S 5 .J2574 .njQ
Pb 6 .D20a .P.U39
Pb 7 .r Iil Oej46
fb 8 *unl37, .r L5. 3
Sb o .|)0'4 ,1 .fl111

SUM Of 12 FORECASTS .8

The observed value for the Box-Pierce chi square is 17.38 with 20
degrees of freedom, which is not significant at the .05 level.

H-129



CAA-SR-85-11

Gulf Coast to Europe/General/Breakbulk

1. d3 1. .831
2. 1"20. 1.323
3. 3232. 3.232
4. 1495. 1.9195
5. 1778. 1.778
6. 368. .368
7. 1463. 1 .#63
So 1629. 1.62?
9. 222tb. 2.225

10. 1753. 1.753
11. 363. .363
12. 1b?. 1.67Z
13. 437. .437
14. 1375. 1.37i
15. 2265. 2.26i
16- 2 13U. z.135
17. 914. .914
18. 1135. 1.135
19. 13aS* 1,36S
20. 84. o4b
21. 1379. 1.379
22.
23. 71
24* 1755. 1.755
25. 1854. 1 Sr~f
26. 1465. 1.465
27. 1173. 1.173
28. 131%. 1.315
29. b75. 675
3D. 115 0 1.158
31. 2491. 2.49132. 3115. 3.105
33. 1705. 1.73i
34. 3415. 3.415
35. 5303. 5.303
36. 2069. 2.069
37. 2 3. .428
38. 369. .364
390 389. .387
40. b3, .S02
41. 193. .1a3
42. 839. .09
43. 8904. .894
44. 3914. .394
45. 591. .591
46. 66 4. .684
47. 381 7 3:I!I
48. 1314. 1.314
49. 1 S . .5
53. 763.0 .763
51. 1465. 1.465
52. 2115. 2.115
53. 1216. 1.21d
54. 24. .254
55. lIb. .116
56. 32b. .325
57. 115. .044
58. 423. .423
59. 2601. 2.601
60. 1257. 1257
61. 4. .304
b2. 943. .943
63. 2P3. .2q3
b 7'1. .774
65. 339. .33?
66. ?4° .324
67. 75. .375ba .0 . 1#26. .4?9

69. Ill. .131
70. R0. .313
71. 3346. 3.346
72. 353. .353

H-130
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Gulf Coast to Europe/General/Breakbulk

T IE OIFFERENCES

12

TRAMS RANDO4 1- 72 11-8 1

PARAMETER VARIABLE TYPE FkCTOR ORDER ESTIMATE ST. ERR. T-R4ITO

1 TRANs MA 1 12 .7507 2.D82 1?o%8

2 14A45 AR 1 1 .4723 .!)?be 4*93

FORECASTS
85 10 .59575 1.27641
85 11 968 03 10!3211
s 12 1.43773 1.30777
86 1 1.3441b 1.30903
86 2 .93900 1.30931
86 3 0%6935 1.33935
96 I .8523! 1.30039
96 5 1*33515 1.30939
86 6 :9438' 1.30941
86 7 1176b 1.3094D
86 8 2.83314 1.30949
86 9 1.65135 1.38067

SUM OF 12 FORECASIS 14l

The observed value of the Box-Pierce chi square is 21.53 with 22 degrees
of freedom, which is not significant at the .05 level. The data series
used to generate the model begins on 10-78.
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Gulf Coast to Europe/General/Container

1. qb.~ II.bqbi

2. 565. 5.b85
3. 1401 . 4.01aq51I 4. 4. 15
5. 137t. 4.375
b. 1465. 4.146i
7. 3352. 3.352
8. 3775. 3.775
9. 3373. 3.373

10. 5155. 50155
11. 3142. 3.142
12. 3229. 3o229
13. 5355. 5.355
1.. 222 . 2 . 225
15. 2656. 2.hb6
16. 1441h. 4.415
17. 4161. 4.161
18. 2614. 2.bO4
19. %b3)4. 4.bOI4
20. 5122. 5.122
21. 39ia. 3.9CS
22. 36R6. 3.588
23e 5094. 5.394
24. 3039. 3.339
25. 4461. 4.61
26. 2863. 2.868
27. 33110 3.311
28. 35740 3.57929. 4Z14b. t4 .248
30. 3303. 3.30a
310 4943. 4.948
32. 3381:. 3.383
33. 537(.. 5.323
34. 59750 5.975
35. 4953. 14.953
36. 375 d. 3.7sa
37. 3133. 3.138
38. 315t,. 3.156
39. 353L. 3.530
40. 7765. 7.765
41. 5831. 5.831
42. 2313. 2.313
143. 2846. 29.814
44. 3031. 3.331
45. 2333. 20333
46. 4224* 4.22
47. 46790 14.579
48. 52?0. 5.22b
49. 1932. 4.992
500 3578. 3.57a
51. ?039. 2.309
52. 2905. 2.935
53. 3395. 3.395
54. 3009. 3.33
55. 4471. 4.471
56. 3535. 30535
57. 366 1. 3.661l580 3516. 3.515
59. 357 S. 3.576
60. 25814. 2.584
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CAA -SR -85-11

Gulf Coast to Europe/General/Container

TIME DIFFERENCES

I

I- so 11-8 I

MARAMETER VAqIABLE TYPE FSTOR ORDER ESTIMSJE Sr. ERR. T-44110

ITRANES "A 1 1 .9636 .0101 17.33

FORECASTS
85 10 3.91#317 1.15157
85 11 3* 94317 1.16233
a5 12 3.9'4317 1.16310
86 1 3.94317 1.1S386
86 2 3* 94317 1.15463
86 3 3.911317 1 .1*33
86 ' 3. 9 J1 7 1.16516
86 S 3.9%317 1.16692
86 6 3: 91 3 17 1.16769
86 7 3 94 17 1.16S'.S

a6 3.91*217 1.1b921
9b 9 3e?4317 1.15997

SUN OF 12 FOQECASTS %Y.28

The observed value of the Box-Pierce chi square is 34.56 with 34 degrees
of freedom, which is not significant at the .05 level. The data series
used to generate the model begins on 10-79.
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Gulf Coast to Europe/HHG/Container

1. 1380)4o 13 *88g.
20 3356. 3.358
3. 3220. 3.223
I.. 2 V19. 2.739
5. 5973. 5.973
6. 1255. 1.255
7. ?07be 2.376
8. 655d. s.5s5
9. 5'5b 5.'SIx

10. 2.31b 2S3o5
11 23974. 23.974
12. 18160 1.816
13. 19266. 17.26b
14. 12b69. 12.66
15. 37186. 37.18b

" 16. 43071. 43.371
17. 17b6e. 17.689
18. b2Ob. b.206
19: 131R0, I].1S3

21. 13576. 13.576
22. 5324. 5o324
239 190S. 1,903
24. 12b72. 12.672
25. 2407. 2.407
26. 15937. 15.837
27. 9131. 011
280 13731. 13.731
29. 911 4. 90118
30. 1975 3. 19753
31o 13453. 13.4S3
32. 14827. 14.827
33. 11253. 11.253
34. 299940 29.994
.35. 2403U. ?4.33a
36. 25349. 25.34iP
37. 19992, 10992
3S. 1139". 110395
39. 3365b. 33.655
40. 14572. 14.572
41. 23456. 23.658
42. 125Oe, 12.508
430 275380 07.533
44. 5305. 5.305
45. 59610 5.961
46o 11917. 11.917
47. 16278. lbo275
48. 1331o 1.331
49. 4 54,.U. 4054350. 13201. 13.201
510 1293. 1.293
52. 9723. S.723
53. 2240. 2.24i
540 6304e, 6.30•
55. 63413. 6.343
56. 4176. 4.17b
57. 66380 b638
5R. 1657. 1.657

- 590 19? 7 19.287
60. 9032. 8.332
61. Do .303
62. 14745. 14.745
63. 4191. 4.191
64. 5155. S.155

65. 1522. 1.522
66. 7673. 7.673
67. 1335 1 13.351
68. 2699 2.694
69. 2617. 2.617
73. 441. .41
71. 1127g. 11.278
72. 136R 70 13.b68
73. 799;0 7.999
74o 190 tO 1 .91b
75. 137P. 13.787
76. 3601. 301
77. 5933. 5.913
78. 354. 3.55%
79. 729.o .293
t0. 6440. b.443
81. UO .333
82. 655o. 6.553
63. 37914. 37o915
bq. 422. .422
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Gulf Coast to Europe/HHG/Container

TIME 3IFFERENCES

I

i ! - *q f l- I

PARAMETER VARIA8LE TYPE FA:TOR ORDER ESTIMATE SF. E4. T-R.rro

I TR ANS MA 1 1 .7689 *0 73 13.92

FORECASTS
-5 13 12.733%9 9.01007
S8511 12.73389 9.2497
85 12 12.7338) 9.qb511
86 1 12:.7389 9. 4 T
86 2 12 7"39 9.99107
Sb 3 12.733S9 11.7?731
86 4 12.7)369 10.29942
86 5 12.7)389 ln.49764
86 6 12.733R9 13.59219
86 7 12.73389 19.5S325
86 a 12.71389 1. 17 102
86 9 12.73389 11.25566

SUM OF 12 FORECASTS 15Z.45

The observed value of the Box-Pierce chi square is 17.77 with 34 degrees
of freedom, which is not significant at the .05 level.
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Gulf Coast to Europe/Speclal/Breakbulk

1.e~ .015
2. 0. .003
3. 1443. 1.114

50 3;2. .352
6. 653. 653"7, 47 , °473
8. 35 4. .354
9. 54q. .534

i a. 619. .619
11. BO7. .807
12. 81 '. .514
13. 61b. .548
11. 336. .336
15. 46. .46a
16. 520 .352
17. 454 .514
18. 179. .179
19. 42.3. q23
20. 1107. .14L7
21. 53 .. ,538
22. 415. .115
23. 239. .239
2. 5 17.
25. 373,
26. 531. .531
27. 465. .e65
28. 691o. .681
29. 433. .133
30. 1035. 19335
31. 8417. .8147
32. 363. .363
33e 250. .253
340 b92. .b92
35. 688. .6p3
36. 195. .195
37. 635. .635
38. 24L.. .243
39. 279. .27?
40. 717. .747
4.1. 3112. .341Z
0$2. 29b. *29b
43. 4 U; .4Q3
44* 49l 10 °91

45o 417. .407
46. 467. .467

17. 523. .523

51. 234. .231192 444. .403

53. 2P2. .2825

4 3450 .345
55. 250. .25)
56. 314. .314
57. 47. .5759. 63. P2ob1 32

60. 316. .3R5
61. 221. .223
62. '.E'. .481463. 297. .297
64. 194. .19
5. 3. .043
590 61. . 6 1

67. 322. .322
68. 132. .414
69. 21. .21
70. 576. .196
71. 591. .591
72. 62 6. .625
73. 617. .614774. 37. .373
75. 232. .232
76. 2. .30
77. 577. .577
73. 33. .33
79. 6417. .107
7O. 102. .12
81. 15. 62
32. 11. .301
73. 257. .577
8. 317. .32
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Gulf Coast to Europe/Speclal/Breakbulk

TINE DIFFERENCES

I

1- 94 11-8 1

PARAMETER VARIABLE TYPE FCTOR ORDER ESTI1aTE ST. ERR. T-RAIIO

1 TRANs M4 1 1 .9498 .0325 29.18

FORECASTS
55 1) *35177 .2887
85 11 .35177 .29623
85 12 .35177 *28659
86 1 .35177 .'9695
86 2 .35177 .2B73.'
86 3 .35177 .28766
36 4 .35177 .?390?
S6 5 .35177 ,2BR37
9b 6 o35177 .23R73
R6 7 .35177 .78903
86 a .35177 .73Q41
8B6 9 .35177 .2B979

SJM OF 12 FORECASTS .22

.5.

The observed value of the Box-Pierce chi square is 25.33 with 34 degrees
of freedom, which is not significant at the .05 level.
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CAA-SR-85-11
East Coast to English Isles/Freeze/Container

1. 11 3. .113
2. 36. .335
3. 32. .332
li 74. .37'
5. hI. .313
6. 30. .333
7. 9. .30.
8. 2F4. .0216
9. 77. .377

10. 236. .206
II. 39. .33-2
12. 34. .034
13. 51. 3I1
14. ?Ia 0021

15. 37. .337
lb. 67. .367
17. 30. .332
18. ?F. .328
19. 23. .023
20. 5'. .Sa4
21. 3t8. .33d

-, 23.
210. $2. .n62

25. 50. .353
2b. 6'.. .36'.

28. a :3ss
29. 1', .01'
30. 90 a.g
31. 17. .317
32. 55. .a55330 184. .181,

34. 84. .39R.
35. 163. .163
36. 116. ,
37. 27. .327
38. 1 7. .317
39. 9. .33?
43. 22. .52241. 47. .34l7

42. 22. .322
43. 57. .351
'4. 68: :368
115. 94. .39%1
'46 188. .188
47. 117. .117

s.8a 6ti .368
4'49. '.5. .015

5o. !'0. .2
51. 21. e321
52. '4. o344
53. 53. .353
54. 1b. .315

4 55. 9 .091
56. 97, .37
57. 95. .395
58. 235. .235

60. 87 .347
61. 0. .0.3
62. 55. .355
63. u .003
6'. 57. .057
65. 13. .018
66. 25. .325
67. 7u. .373
63. 92. .392
69. 113. .113
70. 197. .197

""71., I l U. .143
72. 194. .10.
73. 54. .354
74e L. ,303
75. 53. .353
76. '9. .0'9
77. 2j. .323
78. 81. O3PI
79. 61. 0361
80. 75. .375
81. 162. .162
82. 3a. .33&a3. 13J. .133

H813 5. .357

, H=-138
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CAA-SR-85-11

East Coast to English Isles/Freeze/Container

TIN DIFFERENCES

12
1- 94 11-3 1

PARAMETER VARIABLE TYPE FA:TOR ORDER ESTIATE ST. LqRo I-RATIO

I1 ?QAN5 MA 1 12 *5643 .1336 5.61
2 T-A"4S 1 1 2, .2$63 1339 264%

UFURECASTS

35 13 .05795 .01145
35 11 .*J1914 .091146
65 12 .03820 .91486 1 .0 55RB n4446
86 2 32238
36 3 . 3%395 0044416
Ob ] .3off 454.144
9b 5 .35581 .94446
q6 6 .12161 on46
36 7 01?277.1149,, b a o1?523 .14446
86 9 .33 37 3.e8S0

SUN OF 12 FORECASTS .77

-l
The observed value of the Box-Pierce chi square is 27.72 with 20 degrees

of freedom, which is not significant at the .05 level.
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APPENDIX I

BOX-JENKINS SOFTWARE

Five large runstreams were written so that analyzing the time series with
the B-J methodology would be a process that would be nearly automatic and
very efficient. These runstreams include: BJII.EXPDFP, BJII.EXPMOD,
BJII.EXPLN, BJII.MODP, BJII.FORP. Included within this appendix is an
explanation of the function of each of these runstreams in the B-J analysis
process.

a. BJII.EXPDFP. BJII.EXPDFP (see Figure I-1) is a runstream that
drives the BMDP package to produce background information about the time
series being analyzed. This information is useful in identification of the
model which is appropriate to the time series. The following items are
produced:

(1) A graphical display of the 3-, 6-, and 12-month moving averages
of the original observations,

(2) A plot of the original observations (by month) and plots of the
observations differenced by 1 month, 2 months, 12 months, both 1 and 12
months, and both 2 and 12 months. The natural log of the original obser-
vations is taken, and these 5 plots are repeated,

(3) For each one of the differencing methods described above,
descriptive statistics about the autocorrelation function (ACF) and partial
autocorrelation functions (PACF) are produced. Also, the plots of the
autocorrelations over the first 36 lags are printed out for both the ACF
and the PACF.

(4) Finally a histogram of the observations grouped by fiscal year is
plotted. With this histogram and test statistics accompanying it, possible
outliers in the original data can be identified.

b. BJII.EXPMOD

(1) This runstream is designed to help identify models which charac-
*. terize the time series being analyzed. For at least three-quarters of the

time series that were analyzed, it was possible to identify at least one
*. model that could be considered an effective characterization of the time

Vi series simply by examining the output generated by this runstream alone.
BJII.EXPMOD (see Figure 1-2) drives the BMDP package to analyze the time

- series with 36 basic ARIMA ("integrated autoregressive moving average")
models. For each one of the 36 models the output includes plots of the
autocorrelation and partial autocorrelation functions, estimates of the
parameter values of the model, and the mean square of the residual between
each of the observed and expected values.

. . . .
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i.M aJI.EK~3TP FI;M N73J.P27RU4
*DATA 1 7 UYILL.37

3 iFREE 'd7*RTC.
4 D Y N7DRTC.
5 DCA I P 470RT:9F50
6 odAS G,A 4 70R TC.

a &HOG ,U TH4IS PRINT-OJT IS UNCLASSIFIED
9 iASGA N73J11.

13 aPRTIS N78JII.E)tPDFP

1? /BMDPI I
13 /PROBLEM TITLE IS '03?1158 TON404SE 301 JENKINdS FORECASTS F1869.
14 /INPUT1 V44143LES Air 3v

F3;441qA IS IIF2 04F2:0 F13.21*
16 IVARIABLE 444ES ARE S&tLvIR,JlO.TH INNAGE,TRA45S.
17 ho=1.
18 /TRANSFORM T4ANS =TON'dA3E/I030.
19 E4
2:3 aA0O,P 47FULL.C3327153
21 /ENDO
2? SNAPSHOT YAR1A3LE IS FRANS.
23 SpamN 3.
24 PqINT.,
2S SNAPSHOT MAQI3LE IS TRANS.

23 SNAPSHOT V10IA3LE IS TRANS.
29 SP44 = 12.
30 P4INT*/

*31 E4D/
32 aLIBS*BNuPBZ.P2T
33 /a'lOP21
34 /PROBLEM TITLE IS 903'115e TON44SE 30K JENKINS F0RECASTS FY86'.
35 /INPUT VAR143LE IS 3.
36 FORP4AT is 91I9F2.O F2.D FIJ.?1v.

37 /VARIABLu MNES ARE SkILVRNI TdqAEIASJASN
38 AJO =2.
39 /TRANSFORn T4ANS =TONNklE/1uno.
4) T3AMSLN =LNI4TONNAGEI.

4, O!0,P N7TULL.)32715a

'04 FPLDI VAR143LE is rONNAG&E.
'05 SVNBOL1 ARE 05N ,J,F,P0.A,M,J,J,AISO/

46 ACT VhIA3 is IS TNNr
it? PACF V44143LE IS T3NNA.t/

4l DIFFERENCE OLD =TRANS.
4 9 NEW TRANS3F.

51 TPLOT Vail ALE is r44NSaF./
52 ACT VARI43LE IS TRANS.
53 OF:34JER=I.

54 PACF VAR143LE IS TRANS.
55 DFOR3EQ 1 .,
56 DIFFERENCE 3LD = TRANS.
57 4E9 TRANS)F.
58 DFDR)EQ Z1./
59 TPLOT VARI43LE iS rRAN~SDF./
63 ACT VAqIA3LE IS TiANS.
61 DF3RDE4 .
62 PACT V44IABLE IS TRANS.
63 DFORDER Z1.1
64 DIFFERENCE OLD =TRANS.

-*65 NEW TRANS3F.
66 OFIR3EQ =2.1'
67 TPLOT V44143LE IS TrANSDF.'
611 ACF VAqI43LE IS FRANS.
69 DFOR3ER =2..'

.37) PACF V44143LE IS TRANS.
71 DFDR:3ER 2..'
72 DIFFERENCE OLD =TRANS.
73 NEd =TRANS3r.
74 OFDQ3ER =I?.1

75 TPL.OT Va4R143LE IS TR4r4SDT./
76 ACF VARIALE IS f4ANS.

Figure 1-1. N1BJII.EXPDFP
(page 1 of 2 pages)

1-2
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CAA-SR-85-11

77 DFORIER =12.1
78 PACF V4:?143L is riANso
79 DFORiEQ =12.1
8) DIFFERENCE 3LD =TRANS.
8al NEW TRANS3F.
82 DF3R3ER =1
83 TPLOT WAR143LE IS !RANSDF./
84 ACF Vk.RIAILE is TrANs.
85 DFDRDER 121/
86 PACF VA 143LE IS FRANS.

.r.87 DFOR3EP = 12,1.1
88 DIFFERENCE OLD =TRANS.
89 NEW TRANS)F.
9) DFORIE1 2*12.1
91 TPLOT VARIA3LE IS TRANSDF*/
92 ACF Vk4IP43LE is HRANS.
94 PACF V44143LE iS RiNS.
95 DFORIER 12,Zoi
96 DIFFERENCE 3LD = TRANS.
97 NEWd = TRANS3F.
9 F DF9R3ER 12.1
99 IPLOT W4R143LE IS TIRNS:)F./

1)) ACF V44143LE IS TRANS.
131, DFOR)ER 12.1
1.)? PACF VARIAILE IS TRANS.
133 DFOR)ER 12.1
134 DIFFERENCE OLD = ANS.

lit IPLOT W1ARI43LE IS f~NS)F./
IDS ACF VARIA3LE IS TRANS.
139 1 DFOR)ER 1 ./
11) PACF VaR143LE IS 4ANS.
III DO33ER =12,1.1
112 DIFFERENCE OLD = TR ANS

*113 NEW TRANS5Fo
114 OFORDER =12 2./

lI, PLOT VA41iALE is 4A.4S:)F.*/
116 ACF VARIAILE iS r4AN S.
117 DFORIER = 12 2./
118laC VARIA3LE I5 TRANS.
119 DFD41ER =12,2.1
12) E40/
121 QaLIB&*BM0P82.P7,)
122 /BMDiPYD

*123 /PROBLEN TITLE IS 003?7153 TC2N4ASE SOX JENKINS FORECASTS FY86'.
124 /iIPUT V44143LES 44r 3.
125 F34nAT IS '(IK,F2.0,F2.a F13.219.
129 /VARIABLE 44 4 ES ARE S&ILYR.NoTH,TASkE.TA4S,TANLl.DATE.

128 /GROUP CurP3AiTS~fl 4RE 7809,7909,8D39,8109,82399339,8A)9.
129 ITRA4SFOkN T4A4S TON'dA37/1JUD.

*133 T4ANL4 dolNNADC3.131 DATE=ISAT R* )aiNo8ii4
132 141STOGRAM GROU'P = DAT:.

* 133 VA4143LE = iihNS,TRARL'4.
Ilt /P,?I NT jq

136 ODMER?.
*137HET

1314 PLOT.
139 /E4D
14) 1AUDvP' 47FULL.33271SI
141 / E,4 D
142 a 3. xP T P, INTI
1asi asym NTpRTC919PR

Figure 1-1. N7BJIJ.EXPDFP

* (page 2 of 2 pages)

1-3



AD-FI7 6 438 TRANSPORTATION WORKLOAD FORECASTING STUDY 4/4
IMPLEMENTATION (TWFS-I)(U) ARMY CONCEPTS ANALYSIS
AGENCY BETHESDA MD H D FREAR ET AL AUG 85UNCLASSIFIED CAA-SR-85-ti F/6 15/5 NL

loss

EEEIIEEEEEEIIE
llhlEEEEElllEE
EllEllEElllII
El'.



_ 
1

1111IL2 5 LA *~ 1
11111N l ms I m 2

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS -I963-A

°I.



CAA-SR-85-11

I &FREE 47PRY).
'4 iDELETE P7PRT3.
S ACAT P tI7PRT39FSO
6 3ASGA 4?PRTD*
7 o1BRK2T P4I4iT1/NPRI3
a 1N06,LU THIS PRINT-OUT IS UN4CLASSIFIED
9 SjASGA milJI1.

10 &PACK MT OJIIIEPO
11 &PR j S q78JTIEMO
12 aLl I*BNOP82o.22
13 /BMOP2T
14 1PRObLCM TITLE IS 'I0327153 TO'ENASE BOX JENKINS FORECASTS FV960%
Is /INPUT VAR143LES Aq5 3.
16 F34RA IS "I it FZ.DA a2. F13&1216.
17 IVARIABLE 4A9ES ARE SUrLvR9 0 TNTSNNA 9 ,TqAVS,IRANSLN.
is £00 = 2o
19 /TRANSFORM TRANS =TON443E/1000.
23 T441SLN = LNITONNAGElo
21 /ENO

2 IA,3D,P MVULLL.M3715a
23 /END
24 ARIMA VAR =TRANS.

2S "&~NORDERS Aq7ol$.
26 ESTIMATION RESI]JAL= FS.
27 ACF V&RIABLE IS VES*/
28 AR114A VAR TRANS.
29 M40RDERS AQr*119I16)l
30 ESTINATIO4 RESIJJAL= S.
31 ACF VAR1A3LE IS i-S.l
32 AQIMA VAR TRANS.

* 33 MAOR3ERS ARE lZr
f ESTIMATION RESIDJAL= E.
S ACF VkqIA3LE IS VrS.1

36 ARIMA VAR TRANS.
37 4AOR3[RS R'1,13.
38 ESTIMATION RESI3JAL
39 ACF VARIA43LE IS IrSol
43 ARIMA VAq TRANS.
41 A43R3ERS AR: 01110./
4? ESTIMATTIN RESIIJAL= r.
43 ACF VARIA3LLIS t:S.
#4 '4 AR IM A VAR =TRANS.
45 A4R3ERS ARE 61,21901
46 ESTIMATroq 1QESI3JAL = r.
47 ACF VAR143LE IS IES.1
48 ARIMA VAR = TRANS*
49 A 3WERS ARE 01121901
53 ESTIMATION RESIJAL = IES./
S1 ACF VAR! 13E IS.If./
5? AqIMA VA; TRANS2

*53 A4R9MR AR. $111?10.
54 ESTIMATION REs 13UAL =RES.1

ACF Vh AIA3LE &S 4rS./
92 ARIMA VA0R TRA S.
57 AiR)REQS AR :1113o
59 NAODERS ARE 0411./
5 9 ESTIMATION RESIJ1LiL =SleS.i
63 ACF V441 3 LE IS IrS./
61 ARIMA VAR =TRANS.
62 OFOR3ER ARE to
63 RhORDERS ARE fil13.1

6g ESTIMATIO4 PESI3JAL = ;E.
6 ACF VA41 3LE IS IESe/

66 ARIMA VAR TRANS.
67? DFOR3ER ARE I.68 NhOR3ERS ARE 'ClvZ*./
69 ESTIMATION RESI3JAL = S.I
73 ACF VAR! A3LE 1S P./
71 ARIMA VAR TRANS*
72 DFOR)EP ARE 1.
73 4&OR)ERS ARE 0111*.1

.r 7g ~ESTIMATION REsiJAL IEf
7 ACF VAR1 3 LE IS VrS*/

76 ARIMA V44R TRANS.
77 DF023ER ARE 1.
73 MAo?)ERS ARE 011912119/
79 ESTIMATION RES W.JL =4.e
81S ACF VAR! A 3LE IS VrS./
Si ARIRA VAR TRANS.
82 DFOR3ER ARE I*
SI AROR3ERS ARE 91110./
so ESTIMATION RLSI'1EAL= !o

Figure 1-2. NII.EXPMOD
(page 1 of 3 pages)

1-4



CAA-SR-85-11

as ACF WAR143LE IS RES./

87 DOR32ER ARE 1.
as8 AQRRDRS ARE ,Z910./
89 ESTIMATION RESIIJAL = 4-./
93 ACF VkRIA3LE IS Ir.S./'
91 ARINA VAR = TRANS.
9? OFOR)ER ARE I.
93 KR0RDERS, ARE 011210./
94 ESTIMATION RESIDJAL = IES.1
95 ACF VAQ1A3LE IS 4rS./
96 ARIMA VAq TRANS.
97 DFORDER ARE 1.
98 AR3R9ERS ARE '61l,6121'.I
99 ESTIMATIO4 RrSIOJAL=4-.

133 ACF ViqIA3LE IS ?r-So
131 ARIMA VAR =TRANS.
102 OFOR3ER ARE 1.
133 AR3RDERS ARE oil3'.

i ~ ~ '10A3ERS AREi -110./
ESTIMATION RES I 3JAL=47.

136 ACF VA4IA3LE IS KES./
137 ARIMA VAR =TRANS.
108 OFORDER ARE 12.
109 MADERS ARE *1I'.I

'3 ESTIM4ATION RESIIJAL = Z-.
113 ACF VAqIA3LE IS RES.i

112 ARIMA VAR =TRANS.
113 DFOR3ER ARE 12.
114 HADRIERS ARE efl#21'.I

ESFINATIO4 RESI:)JAL= ES.
1156 ACF VARIA3LE is 4-O
117 ARIMA VAq = TRANS.
11S DR2EP ARE 12.
119 4AOR3ERS ARr 61121'.I
12r1 ESTIMATION RES13JAL= E.
121 ACF V44143LE IS rSel
122 ARIMA VAR =TRANS.
123 OVOR)Eq ARE 12.
124 H40R)ERS ARE '1101210*I
125 ESTIMATIO4 RESIJAL =3-.
126 ACF VA41A3LE IS IrS./
127 ARIMA VAR =TRANAS.
123 DFOR)ER ARE 12.
129 ARDR3ERS ARE Oil)*,/
133 ESTIMATION RES13JAL = Z .
131 ACF 11 4413LE 15 IrS.I
132 ARINA VhqR TRANS.
133 DFOR3EP ARE 12
134 41DR3ERS ARE *fi.zi'.i
135 ESTIMATT04 RESIOJAL= E.
136 ACF VAqIA3LE IS 4rS./
13? ARIMA VAR =TRANS.
138 DFOR3ER ARE 12.
139 ARORDERS ARE 411210./
13 ESTIMATIOM RESI JUAL Z=E.
4~1 ACF VRIA 3LE 15 RES*/

142 ARLMA VAR =TRANS.
143 043RER ARE 12.
14* ARORDERS ARE. 'li,1121'.1
145 ESTIMATION 4ESI3JAL = iS.I
146 ACF WAaILE IS IrS.f
147 ARIMA VAR =TRANS.
148 DOR)ER ARE 12.
149 ARDR'2ERS ARE 61110.
153 INR05~ ARE 'I1@,/.
151 ESTIMATION RESI 3JAL= -e
152 ACF VAR143LE IS IrS./
153 ARINA VAR =TRANS.
154 DFOR3ER ARE 1 12.
155 NAMRERS AR7 II1I)*
156 ESTIMATION RES13JAL = rS./
157 ACF V44143LE IS iRES./
158 AR41IA VAR = TRANS.
159 DFOROERARE 1,12.

bi ESTIMATION RESI ?JAL = -!
*162 ACF VA4143LE IS IrS,/

163 AR I MA VAR =TRANS.
164 DF3RDER ARE 1032.
165 MAORDERS AW 1121*./
166 ESTIMATION qESI3JAL = 4S./
167 ACF V44143LE IS 4rES./
168 ARIMA VAR =TRANS.

Figure 1-2. N7BJII.EXPMOD
(page 2 of 3 pages)
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169 DF30ER ARE 1112.
170 4AOR3ERS ARE 111I,41216.I
III ESTIMATION RES13JAL= r.
172 ACF VRISLE IS irS.I
173 ARIPIA VAR =TRANlS.
174 DFORDEQ ARE 1112.

115 443QDRS ARE I l%
16 ESTIMATION RES13JAL= Ee

177 ACF V44143LE IS IrS./
178 ARINA VAR =TRANS*
179 DFOR3ER ARE1 1t2.

III ESTIMAION RES13UAL= ro
182 ACF V44I43LE IS irS./
183 ARIMA VAR =TRANS.
ists OFOR3E W 112.
185 AROR)RS AREI 1121**/
186 ESTIMAION qES13JAL= f.
187 ACF VA4143LE IS iiS.1
188 ARIMA VAR =TRANS.
189 DFOR3ER ARE 1 12.
193 ARORDERS ARC 1l1,11216./
191 ESTIMATION RES13iJAL =ii
19? ACF V44143LE IS VrS.I
193 ARINA VA4 = TRANS.
194 DFORDER ARE 1g 12.
195 A4RDERS ARE 911190
196 '4A3R3E4S ARE fills*
197 ESTIMATION RES13JAL= -.
199 ACF VA4143LE IS 1..So/
199 END/

203 iBRKPT PRINTS
231 11SYM U N7*RTD,1,PR
202 1iIEEA NTPRID
233 0BKI Li

234 0PRTS 178J11.EXPMGD
735 4USE 10. '7PRTD.

aXQT 47 ll*I.815VMS

Figure 1-2. N7BJII.EXPMOD
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(2) One of the main reasons that the use of this runstream improves
the efficiency of the B-J analysis is that it drives N7BJII.READ (see Figure
1-3). N7BJII.READ is a FORTRAN program that reads the output from the BMDP
package, generated above, and computes the following important statistics
that are not available from BMDP:

(a) Most importantly, the sum of the squares of the autocorrelations
(corresponding to the 36 different time lags) is calculated. Using this
sum, the Box-Pierce test for adequacy of a B-J model can be easily evaluated.

(b) This program also outputs the differences between the forecasts
and the observed values of the final 12 months of the time series. These
differences are used to calculate the root mean square in the "backcasting"
process when evaluating the effectiveness of a B-J model.

c. BJII.EXPLN. This runstream is nearly identical to the BJII.EXPMOD
runstream; however, the 36 ARIMA models are applied to the time series thathave been transformed by the natural log function. This runstream is

applicable to time series that have observations which show evidence of
having a variance that is a function of their size.

d. BJII.MODP. This runstream is used once one or several ARIMA models
have been selected as effectively characterizing the time series being
analyzed, from BJII.EXPDF, BJII.EXPMOD, and/or BJII.EXPLN. Its function is
to refine and build on the model(s) that were identified. Unlike the other
three runstreams, BJII.MODP (see Figure 1-4) is not highly automated, since
it requires specific modification as indicated by analysis done with the
first two or three runstreams. With this runstream and use of the previous
three runstreams the model that best characterizes the time series is
chosen.

e. BJII.FORP. Once the appropriate model has been determined, this
runstream (see Figure 1-5) is used to generate the 12-month forecast.
Along with the monthly forecasts this runstream generates:

(1) The estimates of the parameters that define the model with their
associated test statistics.

(2) Plots of the 3-, 6-, and 12-month moving averages.

.. (3) Plots of the autocorrelation and partial autocorrelation
functions that are based on the original observations and the expected
observations as specified in the final model. This output, along with its
associated test statistics, are the checks on the model. If they fail,
there has been an error in the analysis, and a new model must be
determined.

1-7



CAA-SR-85-11

I C N7BjirTAEA) A qEA0 PRPI47 PROGRAM
5rMENSInij X Iis I ,MINF!!5I .Tl!1ZIITZ giZ
DIMENSION Y,251 ,Z1120I.P--- 25lFO 125, SEW 253,ACTI2SILV6253

'4 DIMENSION RESI6'4,51
REAL Li

-' 6 CHAPACI ER*4 AM A716al
7 Ct4AACTEk* # AX,fOUT
8 CHARACTER*8 RX1s'41

17 DATA rI,3*85,9*86/
in DATA 1T?!/1U,11.12,1,2,3,'4,p5,6,T,8,9/
I1I OPEN 11031

1? OPLN(2UI
READ I S, I OUT

1.RFAQ,5 5SIII '42 C ILIJI =Z11603

16 IFIOU T.!Q , *W VWITE(2O*5JIRltRZC 3 M, SAZtjIJ:1,63I
17 52 FORMAT 6/' POE= 191'4,' POD= #149, C0440ITY = *,Y

10 MODF .:A
19 uIC6?IRI R2C,

20 IFIOUT Q~ 'W11wq4TCE2O,523R1,QZC9N
*21 50 FORMAT I 712:11,6)A13

22 51 FORMATHU I IX32A 1,1DX,bOAI,/l
27 1I FORM4AT 41 0OAI3

2'. 2 FORMAT I1A 120A13
2 r 3 FORMAT IA4 42X At#)

*26 '4 FORMATI/ iOX,12r5 2 /// lox 12FS /5.2l252
27 4e4 FORMATI/ ,IOX I 2F5.2,IIIOX,12F5.1Z,//,l X,12sF5.ZI
2p 21 FORMATI!14)
29 Z3 FORMATIA41

3r 35UFORMAT IT11

32 2000 READ11092 3 vE!1D:1J3A
33 IFIA.tE. 9ARIMISO6 TO 2301)
3'. 1000 READ41)3.5END=1301A,AX

3c I1FIA.FQ 94UMB "THEN
3U DECODEI, AX)IX
37 Xi41X
39 c WRTTEI&,20IXN
39 SS=U.

qf~ '0 To 1030
P41 20 FORMAT1I Y N= 99F5.01
42 ELSE 1Ff A.EO.'RESI1HRIN
43 1::AO41Ojp63)AqAX
'4' 4 c WRITEI6 2223A,AX

4 C;222 FORMAT1XA491X A413
46 60 FORIMATI,1/ /A .1 x,A'4?
47 IFIA.EU.'ES TI.:A'4D.AX.EQ.'BACKIf'THEN
'4A C W~RITEfi, f,2263AA
'49 WR 1E4 ,11

50 rsa=i
51 61 FORMATIO ESTIMATION By 3kCKCASTING METHOD0')
5Z 400 R[ADI1,ENO:4U13311Z1Jl J- 10
53 WRITEI " I'Jl~lJ= 1 12)31
5it IFIOUT O.9w1ElIhTE 2Ov23IZ1J1,J:1,lZfll

515 F4ZhI 3. 1:. 'T' THEN
56 DECODEI353,Z135311O
57 DEC0DE1350,Z361jrl
58 I4=l3I*1)3 11
5q W41T 1693511110,I1,IN
60 E '4J UIF
61 XFIZIIOI .PE.4.OR.7I15l.NE.'S1ITHEN

67 IFI 63.L*'L'.'NDZ7i.)-O.Q'N'TSU=2
63 C WR I (,, IZ1s, Z471
6'. GO TO 4D0
65 E40 IF
66 END IF

*67 GO TO 10.03
68 ELSE IFfA.EQ.$AUTO*1T4'4
6f) PEAU1O,43IXIJ),J:1, 36170 WRTT (6,4'4 IXtJ j: .36
71 00 10 J=1,36
7' 10 SS=SS*IXliJ*XtiJI

.v73 CHICZSSOX4
4374 CHI4ISS'IXN-1I

IFIO T .,w-W4 EIZ 1?2ZdXN
224 FOR4'ATI/, 4z 9F'4 0 6J

Figure 1-3. N7BJII.READ

(page 1 of 3 pages)
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833 ELSE IF lAot.F0EITo~
834 DO 30 J=L 5
35 R[ADlIO, IZI(JJI ,JJ=II23

87 J1 =
d8 IFGZI281 .EQ.IL.AN~OZ12?3 .EQ.'N'JTSW=?
so 80RdITEbi6,2)Z(291,Zl291
90 DO 39 J=112 jji

92 39 WRIT I6vlIZlJJ19JJ:l131

91 SUMA=D
9 rSUM AF :0

96 SIJMLN=3.
97 DO 33 J=1913
9R REA0EMj,31 IPEC(J11 FOR6JI SU1:ACTlJl
99 31 FORMAT IX,14,9X,FIU.5,5tF1 FO.51.,5X,FI3.5,5X,FI3.51

* IOU IFl1SW.-i.2)1HE4
1(31 IFIFORIi.GT. D. *AND. FOPIJ) oLI. 25.1
1032 1LNIJl=7yPIFOR1Jll/I100.
1(33 END IF
1(34 A41NFlJ):ACTlJl-FOR.JI
105 33 WRITE16,31 IPERIJI,FORlJl,SElJI,ACTJ,L4l A4JP4FlJI
106 D) 33 3 3=2,13
107 SU4F=SU4F+FORlJl
1l38 SLJNA=SJRA*ACTIJl
1(31 StUMAF=SU'AF.A"I4FlJl

Iif) SUMLNSUiL4LIIJ)
111 333 CO14TI1UF
112 3314 FORMAT4/II SJ'I OF 12 FOqrCASTS = *,Fifl.z.
113 1' SUM UF 12 A4TILOGS/1335 ',FIO.Z)
1111 W91Tll! ,j314ISUMF, SUMLN
115 IFtOU T Wu.ITH 14
116 wRITE120g3711
117 371 FnRPMATl' FORECASTS91

*11.9 DO 335 J:2*13
119 JJ~J-1

* 12( IF(ISW*FQ*21THE4
1,11 W 9LTEIZO 33111T11JJ1,IT2IJJIFOQIJI,SFgJ,L4IJI

* 122 5(3 TO 335
123 EY~D IF
1211 WRITEI1tI,3311!T1IJJI,Ir2IJJI,FOPIJI,SFIJI
125 335 CONTINJE
126 IF(OUT.E..'VSW' 1TE(20,3314JSUMF SUPIIN
127 331 FORMAT lX1,I,12,9X,F1iJ.5,5X, 10.5,5X,FIO.5,5X,F1O.5,SX,F(3.5)
1zRt E'10 IF
129 60 T0 1000
130 ELSE IFlA.EQ.'PRIN*?1I4EN
131 WRITE66: 35311N
132 353 FORHMATI 4- 0 11
133 IFflnUT. rQ..;9i~qTE 2O,353JIN
1314 00 355 1-1,4
135 READ4IO. II IJJ; ,JJ=1,LZ(3l
136 WRITEI6 21IZIJJ jJJ=I81201
137 IF (OUT .*W'1UTE12,2 ?)ZlJJI ,JJ=I12O1
13(3 355 CONTIN4UE
139 IFIOUT.EQ.*WIITEN

11n Fl1l5a.rc'. lhd9 ITE120 34 01

142 3140 FORMATI' TRANS:TUNNAGE/1J0'3
143 3141 FnqMATIO LN: TRANSLN=L41TONNAGF191
1414 EAD IF
14-) RSJM=O
146 RSS=O
147 Do 356 1:1,114

149 360 FORMAT(IX F14.Dt111,F113.OIXF1O091X92XAB8,IX,F103I3

151 RES(1941=g(-0.O)
152 ELSE
153 OEC0OEI37ORXlI II ES61,'eI
1514 370 FnRMAT4F(h.31
155 E40 IF
156 3360 FORMAT lIX ,F4.OIX F1D*3,1XFX,F 1J.tloF341XF.1
157 wRITLl6,336011RE511,Jl,J=1 ,51
1514 RSUM=Ri UM*RE S I
159) SSSSlEI1,4*RESI Sn56lP~TJ~JI516" IFtoyT.rQ.'$'IhdtITElZO 3SIQET,,J 5
161 356 CON4T14E
162 401 FOR4ATI' RSUI= 1FI.21

163 1402 FOWMAT49 QSUK/XN ',1JZ

Figure 1-3. N7BJII.READ
(page 2 of 3 pages)
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104 433 FORMAT49 RSSZ 'AF11O.ZD
165 WRIT 1 '41 VSU~
1bi6 c RSUM=RSUM/XN
167 dRT16:4b,2M~UR
168 iR 1TE b,'4J3IRSS
169 C RSS=RSS/xm

17r ~ WRITClb 9 '433IRSS
171 GO TO 1Inv
172 ELSE IF (A.E .IENDOi4I

174 ELSE
175 G0 TO 1aO0

176 C-40 IF
177 100 CONTIMJF
178 CLOSCI10
179 CLUSEEIflJ

113C STOP 100

&8K2,E

Figure 1-3. N7BJII.READ
4, (page 3 of 3 pages)
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I NTBJI! M30P
2 DATA 19 M7FULL.03271SB
3 lpA CA N7IJlT.
4 3 REE RIRTh.
5 i3CLETE 47PRTA.
6 3 CAT P 47ORT4,F50

IASG A 4PRTA.

& BRKPT PRJ1TLN7PRlS
13 114Gu' TIS 2RINI-3 IT IS UNCLASSIFIEDO

2 aPT N79JI I.POJP
13 o3LISSSBNUP82.PZT
14 /84IDP?T
15 lP~qOI8LEM TIL IS '03?7l5B TONNA&E BOX JENKINS FORECASTS F1869.
1 6 114PUT VARIA3LEi 4r~ 3.
17 F0494T IS-i F F23WF. F1.230.

/8 VARIABLE MAN4ES ARE StILVR, 0 TH TSJtMAE,TRA4IS*TRANSL4.
19 ADD = 2o
20 /TRlANSFORM TRANS =ToN4;3E/l 2DO.
21 TI ISLN=LN IOFN'4ASL 1.
22 I~
23 alADD,P N7FLL*.3327153
24 /IND
25 LARlA VAR = TRANS.
26 DFORDER AR 11
27 AROR2ERS hI 11,1123-.1
24 ESTIMATION RES13UJAL = irS./
29 ACF VAR143LE IS R:S.I
33 FORECAST ChSESI13.
31 START=84./
32 ARIMA VAR = TRANS.
33 DF3RDER ARE 1,12.

35 ESTIMATION qESI3iJAL= -.
36 ACF V44143LE [S VES./
31 FORECAST CASES=13.
33 START4R4./
39 ARIMA VA= TRANS.

43 DF3R3ER ARE I 12o
1#1 4AOR3ERS AR7 I 611123'.
42 kR32RERS A~I1.
43 ESTIMATION RES13JAL
44 ACF V441A3LE IS irES./
45 FORECAST CASES=13.
46 SrsRr:8%./
47 ARIMA WA= TRANS.
848 DFOR3Eq ARE 1,12.
49 AROR3ERS AR'1,3
S3 nAOR)ERS AR- '13.,11210*
51 ESTINATIO4 QESI)JAL= Eo
5' ACF VAR1A3LE IS ?r-S./
53 FORECAST CASES=13.
514 START=84./
S ARIMA VAR =TRAS.

6 O~DR3ER ARE 2
57 44R3E4S A4 31'.
59 44043ERS ARt. 111,I12,.1
S? ESTIMATION RES1TIJAL=4!.

4 6l ACF VAR143LE IS 4rS.1
61 F3RECAST C&SES=13.
62 START=R4./
63 ARIMA WAR =TRW~,.
64 DFOR)ER AREC 1,12.
bs 4'3A)R~S AR,7 l(13,12109

Figure 1-4. N7BJII.MODP
(page 1 of 3 pages)
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85 F'O.ECAST CkSESz13.

86 SRT8.
87 A'RIMA VAR ZTRANS.
8S DFORIER a RET11 2.

89 ARMRERS Al- 11t1311a.
93 RAOR)ERS ARE .6131 '.
91 ESTIMATION RESI'iJAL = -.
9? ACF WAIA 3LE IS 1:-'S.1
93 FORECAST CASES=13.
914 STAPT:814./

;5 A INA VAR = TRANS.
6 RM OFOR)ER A RE,1112*

97 RhOR3rRS Aq 1 161 1 121'.
93 kRORDERS I 'ii ,I2)./
99 ETIMATION RES13JAL= s.

133 ARIMA VAR =TRANS.
1314 DF3R3ER ARET10 2.
135 41R3RERS A 161 1121'.
136 MA3R)ERS ART 9111.1121-.1
107 ESTIMATION RES13JAL= E.
108 ACF vAqrI3LE IS RES./
139 F3~4ECAST jJ=3

111 ARE MA VAR =TRANS.
112 DFOR3ER ARE! 102.
113 4AOR3ERS ARE '11,61611210.f
11* ESTIMATION RES13JAL = Z .
115 ACF VhqIA3LE IS iR.5.1
116 FORECAST CASES13.
117 S4T8.
118 ARIMA VAR zTRANS.
119 DF3RIER ARE 1g12.
120 AR3R3ERS AR II161219...
121 MaOR)ERS ART 'u11 #
122 ESTIMATION RESI)USL = S.
123 ACF VhqIA3LE 1S RES./

14 FORECAST CAE=3

126 ARIMA Vkq TRANS.
127 OFDR3ER ARE 1,12.
12a 41343ERS ART 't (12)90
129 44,043ERS AR=; .1, Is./
IN~ ESTIMATION RES13UAL 7-RES./
I I5 ACF VAR143LE IS RES./
132 FORECAST CASES=13*
133 START=8%./
1314 ARIMA VAR =TRANS.
135 OFOR3ER ARE 1012.
136 NAOR3ERS AR7 :ill
137 AROR)E-RS ARE'1
1363 ESTIMATT0N RESIIJAL = IS./
139 ACF VAqIA3LE IS RES./
14) FORECAST C&SES=13.
141 START:914./
142 ARIMA VA? TRANS.

q143 DFOR! ARE 1.12.
144 4ADR3ERS A4E eill (123'.
145 AR4)R3ERS ARE: ,1,

I.. 1146 ESTIMATION4 RE SIDJAL
147 ACF VAN 143LE IS RES./
14R4 FORECAST CASES=3
149 sT4Rr: I. .
153 ARIMA V4!? = TR NS*
151 DF3R3ER ARE! 1 2.
152 ARORDERS ARE 131,11219.
153 MAOROERSAR'1,)*/
1514 ESTIMATTOM' RES13UAL = 4-S.1
155 ACF VAR143LE IS RrS./
156 FORECAST AW 3

159 ARIMA VAR =TRANS.
159 DF3RJER ARE 1.
16) k04DERS AiR: '(1)'.
161 "4OR)ERS ART (1b)v./
162 ESTIMATION RESIDUAL = : .
163 ACF VARIA3LE IS RES./
1614 FORECAST cASES=13.
165 SrART=914./
166 ARIMA VAR = TRAIS.
167 DFORDEI A E 1.

168 MAOR)ERS ARE '113.

Figure 1-4. N7BJII.MODP
(page 2 of 3 pages)
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169 A43R3EqS ARE 611,219./
173 ESTIMATION 9E IUL=4--
171 ACF VA I43LE [S iRS-l
172 FORECAST CASESZ
173 S T: ..TW
174 ARIMqA VA4 TRANS.
175 0F31?OEq ARE I1.
176 A40RDERS ARE 91219.
77 4A08 0S ARE *t11'*/I78 ESTIMqATION RE S IUALZ E.
179 ACF VAqIa3LE IS ir5./
183 FORECAST C&SES=13.
181 SIART~q4./
182 ARIMA VhAR = TRANS.
183 DF093ER ARE t.
18S4 ARDR)EqS ARr '4112'
185 4AORDERS ARE '31.
186 ESTIMATION RES13UAL = 4--S./
187 ACF W44I43LE ISis s./
188 FORECAST ChSES=13.
189 START=84./
193 ARIMA VAq TRANS.
191 OFOR)ER ARE_1,12.
192 ARDR3ERS ARE '1'
193 4ADR)ERS ARE Ollie./
194 ESTIMATION RESI)UAL= E.
195 ACF VAR143LE IS IUS.1
196 FORECAST CASES=13.
197 STS4r:84./
198 ENL3I
199 01BRIPT PRIN T &

20 1 i48Kl L
732 11PRT,$ 47BJTI.M0)P
233 aUlSE 1.,'47P TA.
234 aKOT 47BJTI.B8SSMABS
235 R
236 332715B
207 o1BM2,E

Figure 1-4. N7BJII.MODP
(page 3 of 3 pages)
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DA A I4FLL.0iJ 21 9 p2F~0
3 11PACK N7BJII.
4 iFREE 47PQT3.
5 &DELETE 4d7PIT3
6 a CAT P '7PRT3,F5a

SAS5I A 7P4Ti.

9 i1!RKPT 7PRB. 7RT
10 aHiJGU PTH PR br IS UNCLASSIFIED

12 aPRT ,S N7BJJI.F)
13 aLIBS*BMDP82.Plt
114 /BADZI T
is /PROBLEM TITLE IS 90218aa 30% JENKINS FORECASTS FV36'.
16 /INPUT V44143LES ARE 3.
17 F34MAT Is ;!tK,F2.D,F2.1 3F1J.Z'.
18 /VARIABLE N4A4ES ARE SALV(R, 4NTN, E1NN£5,TqA4S, [RANSL4.
19 49D =2.
20 IT4IANSFOR4 TRANS =TON443E/10133.
21 T;14NSLN=LN T r)4 AGE) .
22D
23 3AO3*CP 47FUiLL.02173J3
241E:4
25 S4APSHOT VhqlAaLE IS TRANS.
26 SPAM = 30
27 PRINT./
28 SNAPSHOT VARIA3LE IS TRANS.
29 SPAN =6.
31 P:?14T.f
31 SNAPSHOT IA4143LE IS TRANS.
32 PN=12.
33 PRINT./
34l END/

36 /BPOPT
37 /PROBLEMI TITLE IS '0211SOB 30V JEmxr~s VRoE:ASrS Fy3S'.
33 /14PUT VAQIAaLE IS 3.
39 FORMAT Is"Ii 'I KF2 0,F2.03F13il.
43 /VARIABLE NAMqES ARE S4ILVR,AO'GTHT TNNA6 T44NS,TRANSLN.
41 ADDO 2.
42 /TRANSFORMq TRAtS =TON'EA3E/1090.
43 TRANSLN =LWIONNAGE).
44 /END
'iS aAOD,P N7FULL.0217803
4 6 /END
417 TPLOT V44143LE is r3NNRGE.
48 S1433LS ARE 3v4,DJvF94,AvMJvJ,A,S.1
(49 ACir VARI43LE is I'DNNAGE.1
5.3 PACF VhRI43LE IS TONNAGE./
51 DIFFERENCE OLD =TRANS.
52 'dEvl TRANSW.

*53 0FOR)EQ1l 1?./
54 TPLOI VAqlA3LE IS tIANSDF./
55 ACF VAR143LE IS TRANS.
56 OF3R3E~l 12.1
57 PACF Vkql43L: IS TRANS.
58 DFOR3Eqll,1Z.1
59 ENO/
63 aLI36*BnOPB2.P2T
61 /BNDP2T
62 IP40BLEM TITLE IS .)?1780B 30X JE'dKT4S FORECASTS F136'.
63 /I14PUT vARI6LES ARE 3.
64 FORMAT IS 9BIK,F2.flF2.3,F1j.ZI'.
65 /VARIABLE NA'IES ARE S~rLyRMONTHT34NNAE,TRA4s,rRANSL4.
66 ADD ?
67 ITRANSFOWMp TIA14S 7T0444SE/1000.
6q TRA4SLN:LNIIOlNA5EJ.
69 /END

7) iA30,P 47FULL.3217Baci
71 /4
72 AQIMA voo TRANS.

Figure 1-5. N7BJII.FORP
(page 1 of 2 pages)
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73 0F3R)ER=1.
74 44DRERS AR gill'-/

75 ESTTMATTON RESI')UAL =
76 PRINT vAq=r3NNA3E, TIANS,TRANSL4d,Rr-S./
77 ACF VAIA3LE IS 4rS./
78 FORECAST CASES = 5
79 STA~RT 72./
8) E4D/
81 31BRK(PT P~I'4TL
B2 3SY1,j 47DRT3,19PR

*83 01Kl f.I J
84 a1PRT S N78jTl.F3RP
85 v1ASGA M7SH04V.
86 iASt3,A N7M3!X1K

aa&1 r , 72

89 ED,1 N7MT'1K.32 7838
93 allSE 10. ,N7PRTB.
91 iIS E ?O,72J.
92 iXOT 4?07EJTI14.35ISVMABS

93 w?7I IONG10f O-JENKI'iS F3RECASTS FY86
95 iEUR NFULL.32l7BaB
96 L 9p
97 aCOPVI 22.,d7SHiPT.321730B
98 aE[D,i N7SHOQr.3217803
99 !

IGO 11COPY I N7PRT9.s47MTMK.02l78O3
121 &K~

Figure 1-5. N7BJII.FORP
(page 2 of 2 pages)
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f. Data Inputs. The format of the input data, read by the BMDP package
driven by each of the previous five runstreams, is identical. The input
consists of the year, the month, and the number of tons shipped during that
month for a possible 84 months (Oct 77 through Sep 84). For the time series
with route identifications of 0117 and 1701, the format of the input data
was (2x, F3.0, F3.0, 2x, F11.2). For the remaining time series the format
of the data was (lx, F2.0, F2.0, F10.2). Near the beginning of each of
these runstreams the BMDP package was instructed to scale the data by a
factor of 1/1,000, so that later in the runstream, the data would not
exceed the format specifications of some of the BMDP subroutines. Because
of this, much of the output from these runstreams is in thousands of tons.

g. Files Containing Results

(1) The record of the results of the analysis performed on each indi-
vidual time series is contained in two files, N7MTMK and N7HORT. In both
cases the individual elements of these files are the individual route-
commodity-mode combinations. The format of the element identification is
.XXYYZZA,

where:

xx = point of embarkation (two integers)
yy = point of debarkation (two integers)
zz = commodity code (two integers)
a = mode (B = breakbulk, C = container, M = MILVAN)

EG. N7MTMK.011760 C

01 = embarkation point

17 = debarkation point
60 = commodity
C = container

(2) Each of the elements in the file N7MTMK. contains the full output
produced by BJII.FORP, a listing of the original observations expressed in
tons, thousands of tons, natural logs of tons, and a listing of the residual
between the original observations (in thousands of tons) and the corres-
ponding expected values. Elements in the file N7SHORT. contain only the
estimates that define the model, the associated test statistics, the
listings of the original observations, the transformations, the residuals,
and finally the forecasts. Appendix H contains some of each of the elements
of N7SHORT.

1-16
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APPENDIX J

INTEGRATION SOFTWARE

J-1. GENERAL. This appendix briefly describes two routines: Box-Jenkins
root mean square (RMS) routine (Figure J-1) and Forecast Merge routine
(Figure J-3).

J-2. BOX-JENKINS (RMS). This program uses as input a file composed of
elements from N7SHORT (BMDP runs of Box-Jenkins forecasts). The program

,- reads the route-commodity-mode combination from the first line of the file.
It then searches the rest of the file for special characters which indicate
the number of data values, the type of transformation used in the forecast,
and where the data and residuals are listed. The residuals are the differ-

* ences between the observed and predicted values. From these residuals, the
RMS error is calculated. Then, the route-commodity-mode combination and
the associated RMS value are printed. If the forecast is based upon a
logarithmic transformation of the data, a "$" is printed in the first
column of the output line. The forecast is then printed, and the routine
searches for the next route-commodity-mode combination. The output file is

2 labeled G4TWFI.BJ/OUT and-is reproduced here as Figure J-2. This file is
saved for later processing by the Merge routine.

J-3. FORECAST MERGE ROUTINE. This program is a merge routine. It uses
three files as input: G4TWFIMAN (Manual Entry file), G4TWFIWINDAT (Winters
Forecast file), and G4TWFI.BJ/OUT (Box-Jenkins RMS Routine Output file).
The routine reads both the Manual file and Box-Jenkins file into arrays.
Then, each Winters forecast is read in, one at a time, and compared to the
manual and Box-Jenkins arrays. The final forecast for each route-
commodity-mode combination is chosen using the following criteria:

a. Manual entries automatically are chosen.

b. If no manual entry is present, but a logarithmically-transformed
Box-Jenkins forecast exists, the Box-Jenkins is chosen.

c. If neither a or b occurs, the RMS values are compared, and the
method with the lower RMS is chosen.

The selected forecasts are then printed, both to tape and G4MERGEDATA,
which is shown here as Figure J-4.

A*.

J-1
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I IMPLICIT INTEGER (A-Z)
2 CHARACTER MODE*1,COr4M*Z CII*1
3 REAL RES,SLIRMSFYNEW#112)
I;C

5 WRITEI 16,101)
6 101 FORMAT( (INPUT NUMBER OF P-J IN ADD FILE:*)
7 READ45t*IJ

A WPITEf 9160)J
9 160 FORMATI # OF BOX-JENKINS=9,I31

10 DO 500 L-1 J
11 WRITE (61;66JL
12 666 FORMAT1I CASE W:',31
13 REAOIIO,103)POE ,POOCOMM MOD'E
14 WR17E16 ,1001POEPOO COMMMOOE
15 100 FORMArll2s12,A2 All
16 103 FORMATIIZII2,A2,A1I
17 8 READ I Il 15 1 C
1s IFfCH.N .':'RGOTO 8
19 READIO112!JIN
20J 115 FORMATIZX,All
21 120 FORMATI5X 131
22 WRITE I601IN
23 125 FORMATI N=;I'
24 10 READ11t10)CH
25 IFlCH*NE.'-'3G0TO 10
26 110 FORMATIIX,A1I
27 FLAG=O
28 READ11091101CH
29 IFlCHeEQ.'LqIFLAG1l
3a REAOIIU,1071
31 107 FORMAT( 1IiII/i//i/i
32 00 .200 IZ14 N
33 READI1O91301RES
34 130 FORMATI 43XF6.41
35 SUM=SUM44ES*RES
36 200 CONTINUE
37 RPS=SQRTISUM/IFLOAT(NI-.13.0))*1000.
35 210 REAOI1O,1101CH
39 IFICH*NE%#F'16OTO 210
'.0 00 250 T=1912
41 IFIFLAG.EO&O1 THEN
42 REAO1O,1351FYNEWII)
43 ELSE
44 REAOI1O,136)FYNEWIII
45 136 FORHAT(47X,F8.51
46 ENCIF
47 IFIFYNEWIXI)LT.0.0)FYNEWII=0.00
48 FYNEWlIl=FYNEW4II100
49 135 FORIIAT117X,F8.51
SO 250 CONTINUE
51 260 REAO1 1W1ICH
52 IFICH.NE.'S916OTO 260
53 IFIFLAG.EQelI THEN
54 CH=*Sv
55 ELSE
56 CH:'
57 ENDIF
58 WRIIEI12 4001CH;POEIPOD SOMM MOOE,RMS
59 WRITE412,41014FYNEWI I? f I12
bi) WRITEf694101fFYNEW(IlvI1,~1)
61 400 FORMATIAI.12 12 IX#A2,Alv, XF 10.21
6? 410 FORMAT16F10.2/6F10.21
63 SUM:060
64 500 CONTINUE
65 STOP
66 0EBUb SUBCHM
67 END

Figure J-1. Box-Jenkins RMS Routii.e
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1.: 117 llt 138.87
2: 5121 42.15 16.50 39*45 13,5 37.46
3: 371.26 566.91 416.78 773.81 751.37 653.60
'4: 117 lSC 350.50
5: 1413.80 1584.66 1464.49 1628.46 1273.70 1657.26
6: 1776.88 2210.84 1812.59 1990.35 1359081 I087.95
7:S 117 30B 1367.15
8: 251U.64 6961.57 6223.51 4416.22 2951.95 642.48
9: 1906.99 2765.32 9064.94 5910.05 666.69 1915.91
10 11 30C 3677.63
1I: 8 38.09 5423.81 5153.71 5165.36 7168.85 8560.71

12: 74 5U000 6708.25 6426.16 9691.52 14891.16 11871.91
13: 117 40B 3320.28
14: 2818.97 2839.19 3287.82 3352.10 3067.83
15: 3264.60 3156.04 3223.90 3231.51 3190.06 3 16.4
16:S 117 40C 835.63
17: 181.06 186.25 18. 185.12 184.95 185.00
18: 184.99 184.99 184.9 184.99 184.99 184.99
19: 117 4M 1448.20
a g: 4599.7 4439008 4042.64 4611.64 4595070 4635.38

21: 4605.93 4613.48 4533,59 4642.18 4480.13 4413.76
22: 117 60B 1024.07
23: 1427.66 2282.24 1876.85 2460.93 2028.97 2184. 6
24: 2069.52 2111.02 2080.33 2091.39 2083.21 2086. 6
25: 117 60C 4442.44
26: 87836.16 85282.88 82924.70 77643.12 78189.96 93925.82
27: 9572c.38 745.57 92955.53 936 9 6 .5 5 95476.77 85759.99
28: 117 60M 209.96
29: 320.67 293.58 401.10 432.90 413.62 415.33
30: 409.13 475.84 596.55 517010 489093 371.55
31: 117 61C 704.03
32: 803.80 710.07 660.46 988.60 802.49 581.08
33: 391.22 528.47 558.58 710.67 880.57 718.84
4: I1 668 524.60
IS1: U 73 47.88 136.54 000 o00 3.75

3b: 000 .00 .00 435.69 .00 217.97
37: 117 66C 175.45
38: 493.38 440.07 429.94 499.63 563.49 493042
39: 515.61 417.11 489.30 518.73 430.19 473075
4o: 117 808 4331.44
41: 25763.71 25556.37 26237.51 16940.05 15305.45 211105.83
42: 25681.55 29403.82 23614.07 21976.46 20557.28 30061.14
43: 117 80C 163.20
44: 296.34 273.16 315.22 326.03 345.42 357.011
45: 274:83 469.56 318.82 377.98 555.33 371.314
46: 350 IIC 42.82
47: 96.67 97.19 85.49 94 .79 89 13 81.31

- 'I4: 72.10 100.66 81.82 69.17 92.03 86.07
' 49: 350 ISC 57.85

SU: 150054 150.54 150.54 150054 150.54 150054
S51 1 150.54 1505 150.54 150.54 150054 150.54:"2:; 350 30o 10.2?

350 50 19.86 29.03 17.23 9.77 12.04

54: 7.13 11.96 29.20 17.00 21.14 6040
55: 350 608 60.76
56. 128.68 102.30 189.64 109.47 97.44 84.67
57: 94054 105.91 72.06 92.93 88.28 148.24
58: 350 bOC 957.40
59: 4493.12 4105.53 3905.51 2966.27 3661:03 4960079
60: 3476.30 538706 4856.85 6295.78 4938.30 5428091
61: 350 61C 34.76
62: Iu.23 36.74 000 .00 6,0#8 000
63: 16.09 2.73 39.50 61.48 28.90 19011
64: 350 808 45.98
65: '1107 44.07 94.28 40.75 36.20 59.22
66: 60.98 36.20 47.74 72.53 177.35 62.22
67: 351 liC 136.63
68: 193.12 164.28 256.65 287.98 286.91 415.77
69: 292.62 376.79 194.11 400.95 288.98 291.51
70: 35 15C 136.37
71: 32013 406:81 M.21 336.34 357018 348.11
72: 35206 350 .,- 35109 350.76 350.90 350.84
73: 351 30C 126.98
74: 332.21 265.08 306.17 366.59 309.94 33q:2j
75: 418004 304.58 447.24 569.36 981.00 i 6k
76: 351 408 3640.19
77: 2Z 98.42 2298.42 2298.42 2298.42 2298.42 2298.42
76: 2298.42 2298.42 2298.42 • 2298.42 2298042 2298.42
79: 351 40C 28.81
80: 19.33 5.90 5.23 18.24 6.86
81: 6.09 3.04 000 5.92 2.24
82: 351 608 440.48

Figure J-2. Box-Jenkins RMS Routine Output File
(page 1 of 3 pages)
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83: 895.66 399006 417029 524013 j:J1 12:02
8.* 7*9.35 575.89 *00.13 609 53a06
85- 351 60C 2613.57
86: 12410:19 14193.78 12153.11 12162.78 11996:29 15024.3
87: 16590.32 16610.13 16US . 14162.26 1 908.56 14348.92
88: 351 61C 15013
89: 29.81 49:83 30.58 :2.89 5.01 *900
90: 3.52 85.70 237 28 2,0.23 178.*8 150.57
91: 351 66C 300,q
92: 17008 8.22 3.92 6.18 1.67 3.59
93: 2009 6.91 32.91 2.60 32.08 4907
9*: 351 808 4409*8
95: 895.66 399.06 1*17e29 52146 380.16 442.02
96: 749035 575.89 100 .13 609.13 682.56 530.26
97: 351 8C 18 :98: *21.59 3 16996 182.16 128.35 302.79
99: 169.75 138.81 2011.29 2,5.31 529.51 370.19

100: *25 IIC 37.86
11: 89.52 89.52 89.52 89 52 89.52 89.52
102: 89.52 89.52 89052 89.52 89.52 89i52
103: *25 15C 1,0
104: 33010 12053 31096 31.39 2.64 58098
105: 39009 1902 7 .5, 32.05 14.66 51090
106: 425 JOC 336.08
107: 84U.43 983:96 6,8 675.28 7t 1:1W 1?j.11
108: 574020 73.62 6. a ,51.5* 4 a
109: *25 ,0C 2.33
110: .76 .76 :16 .76 .76 .76
111: *76 .76 076 .76 .76
112: *25 60C 979.6*
113: 3694.65 *107.99 *273.85 3*6*.37 *384.9 5048.36
11-: 5*80002 5709e62 5091o41 502642 5707.85 4986.15
115: *25 61C 92.18
116: 203.*6 179.27 181.96 183.06 188.8* 189.5*
117: 18700* 193.00 192 . 34 192.07 19006* 1900.7
118: *25 80C 23U*45
119: 188.30 139.01 79.50 .00 oo 1*8.56
120: 44.53 133.33 23o.05 600 266e26 840q4
121:517 1 308 285.06
122: 6284*19 9011.17 702 08 6 9*4.69 53*1.60 7669.06
123: 93*2.88 1-2130.6*0 11 62I.f1 9649.29 7523.15
124: 17 1 30C 10*00*5
125 3 :0836 2514*25 2*,60005 2*1742 25139* 67:9
126: 27q6.38 3921.38 *018.37 4452.38 37,03.77 58
127: 17 1 608 256.71
128: 262.50 376.25 *0S .09 274:08 *28*87 317.18
129: 391.51 217.05 3*7.25 282.09 330.11 321.16
130: 17 1 601 708.93
131: 1863.52 2352.81 2017.01 1021.35 1802.6* 1276.58
132: 1567.24 1402q2 1511.53 2100.96 2362.82 1*0*.81
133: 17 1 618 860.67
13*: 1770.57 1196.63 1817.01 1236.15 1240.1* 2013.1
135: 1311077 1515.13 26*0.95 33311.5* 3151. 11 263,8
16: 17 1 61C 237.2
137: 6C0.55 886.20 5*7:33 58.1 572.72 52 71.
138: 293.91 416.61 550.58 738.76 520.20 381.39
139: 17 1 668 3111.86
140: 2938.63 2527.61 *506065 *682.61 1101.03 527109%
141: 5768.69 9303.82 *715.50 2582.33 2641.50 5606.6314j: 117 18B 2220.49 770S791082 ~ 2.81 1*68.57 737.05 791.98 314.61

111* 671.81 561.89 808.79 645.85 543.13 *12097
1*5: 327 lie 12.08
146: 26.79 11.85 *6.58 50.50 6.3*
1*7: 09* '.60 6919 3*.92 15.58 202
148: 327 158 20.83
1*9: 83.86 68.99 78.19 68.66 80012 90.79
150: 82.50 86.15 103.99 106.27 95.10 86.82
151: 327 I5C 17019
152: IU.76 7.75 26.5* 111.81 17.31 23.08
153: 9.24 22.98 19.18 33.47 9.44 2608*
15*: 327 308 *70.99
155: 1916.75 1726.93 1993.50 2029.50 1898.7* 1817.37
156: 1595.32 2117.109 27P3.18 3156.29 3118.40 2454.87
157: 327 30C 8091
158: 7.45 7.04 8.8 2.95 6.86 6008
159: 2.51 .00 3031 3.83 10.72 .00
160: 327 4C0 21.57
161: .00 .00 000 :000 900
162: OU 000 .00 .00 .21
16j: 327 608 85.01
164: 65.89 69.70 32.59 77.80 *9.75 89041

Figure J-2. Box-Jenkins RMS Routine Output File
(page 2 of 3 pages)
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165: 124.99 113.83 65e56 80.74 76.46 220.05
166: 327 60C 877.3116 7: 6115.1 65 30:23 115o:j 53760,,7 Gj :81 ;132012168: 7105.75 7,1 .13 793. 767.38 7 21-4
169; 327 61C 74.83
17U: 1C9.05 87.12 59049 50.82 78.62 79.89
171: 70.08 30.57 54.53 58061 195.82 99.92
172: 327 66C 1.82
173: 3.74 1o39 18! 1.74 1o97 2.96
174: 2097 2.47 2 286 4,s9 2.81
175: 327 SOC 14.52
176: .00 7.37 5.91 12.00 7.19 7.21
177: 5.99 25074 2.08 1.52 3.79 4.51
178: 217 608 771.05
179: 117.50 877.82 1066.99 1014.30 837.47 451.72
180: 419.14 998.02 665.89 709.28 3980.12 1990021
181: 217 61C 178.59
182: 378.63 378.63 378.63 378.63 378,63 378.63
183: 378.63 378.63 378.63 378.63 378.63 378.63
184: 217 60C 1013.80
185: 3801.84 3801.84 3801.84 3801.84 3801.84 3801.84
186: 3801.84 3801.84 38nl1.84 3801.84 3801 084 3801.84

1 87: 2727 808 3141.7088: .00 000 .00 .00 000 .00
189: 1026.81 786.68 .00 3848.27 6699.12 947.11
190: 2727 605 165.93
191: 472.37 494.63 315.47 386.40 364.84 418095
192: 383.29 668.11 557.49 714.12 742:18 634.8
193: 2727 408 35.04
194: 60.08 98.33 .89 12.98 108e30 15.49
195: 20.28 25.33 2380 163.12 20.43 40.37
196: 2727 305 30.26
197: 58.66 55.84 38.68 53.03 45.39 41091
198: 44.30 16.73 50.34 46.00 56.01 51.19
199: 2727 615 9.11
00. 6.42 6.42 6.4 6:42 6042 6.42

201: 6.42 6.42 6.4 6.42 6,42 6942
202: 118 30C 34.01
203. 68.75 31.36 40.17 55.76 22.50 51:2;
204: 44.62 58.35 124.*00 117.30 105.96 581

Figure J-2. Box-Jenkins RMS Routine Output File
(page 3 of 3 pages)
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CAA-SR-85-11

I C MER4GE ROUTINE FOR MT MC TAPE
2 C, %R1TIN BY: IHOMAS JOHNSON
3 C VAN LUNDY
'4 C LDATE: 2/27/85
5 C FILE PEFEPENCE ~:
6 C 10= WINTERS FILE
7 C IT= B-J LE
8 C 1?= MANUAL FILE
9 C 13= OUTPUT FILE
10 C
11 IMPLICIT INTEGER (A-21
12 INTEGER FY,FSIX,LSIX,FLAG,NUMt30,23,SUMNUM1,NUM2,FLAGI
13 C
1'4 CHARACTER C"*1(1001,CHR*1.STR*811001,MSTR*sLASTRSMCOM*31100,,
Is *MST R*49 01
16 CHARACTER *1 ACODE
17 CHARACTER*Z CTYPES41210CMOCOE*31121

19 REAL RlaoIFBJIU)121,FYIJSE(121,URMSFYMAN(100,lZI
20 C
21 DATA CTYPES / '81', '15','20',22%'*30',"','*960%'061','660,'1O%
22 0 .90'
23 DATA CMDCDE / CL#FR :L::O M*9E-

24 'HN6'C X: CCT ,SPC',AAC'
25 DATA ACODE I 'A' I
26 DATA FY, FSXX, LSIX /fi 8 ot 10ff
27 C
28 OPEN(13,ERR=49,STATUS'*NEM',FORM'=FORMiAT1ED'*,RFORM=*F%
29 * MRECL=80vTYPE=*ANSI*,BLOCK=80l
30 C
31 FLAG=O
12 FLAGI-w
33 IA2
3'. CO 675 1=1930
35 NUMfI, =0
36 %UM II 3=0
37 675 CONTINUI
is NUM1~o
39 NUM2=O
'e0 WRITE46,11001
'41 I0U FORMAg T INPUT I OF 8-j RUNS IN FILE 1<=100 PLSI:vl
42 READ15 *IJ
'43 IRIE 1 891

14 89 FORMAT( INPUT I OF ROUTES IN MANUAL FILE (<=100 PLSI:vl
45 READ 1S,*1 R
If6 DO 300 1=1 J
47 READOI l1 131CH(I3,STR I3 ,RMSIII

5o IF ESTRI)13:31.E0. 9 10STRM1I3:33:'Ob

52 115 FORMA1E6F 0. 2/6 10*2 1
53 300 CONTINUE

54 NUHI=O
55 D0 102 1=1 ,R
5b READI12,10,END=351IMSTRRIII ,Nhum(1,1

57 151 NUM1=NUMI.NUN( I'll
58 0 FORMATIl XA'4,IXgI1

59 00 103 L=NUMI-NUM(Igll.1,NUM1
60 READ4129111 MCOMILI
61 11 FORPAIIIXA31
62 READ112 2 ENO=30'41 IFYMANIL,NI.N:1,121
63 12 FORMAT(~tho.21
6'4 103 CONTINUL
65 102 CONTINUE
66 3(11' fir ADI 10 1,-OLND=SUOIWSIR,WRMS
67 3US LASTR-WTR
bd (JO 106 I=10R
69 IF (WSTRI:41 .EQ. MSTRR(I)l THEN
li IVAj 1:1
I1I GOlD 09
12 Lt4D I F
13 1P6 CONTINUE
III GOTO 539
75 10r)9 SU11=
76 DO 107 11,rIVAL1-1
17 S II=S II M 4N U M fI , I
78 1C7 CONTINUE
79 CO 1W8 I=SUM.3,UM*NUM(IVALI1
8o IFWTR 6 .EQ. PICOMII)) THE
81 kFAD41091359END:5601 WSIR*WQMS

Figure J-3. Forecast Merge Routine
(page 1 of 3 pages)
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*~ 982 6010 169

83 EN'D IF
8'. Ina CONTINUE
as I 2. FO3RMATIx AS,IX,FIU.Z)
86 (IFISRI. 1 0.USYRI THEN

a8 IVAL=I
89 6010 360
90 ENU IF
91 35(1 CONTINUE
92 355 DO 357 P=I 12
93 FEA0I1O *219 END-5001 FYUSEIPI
9'. 215 FONMAT(r10.. 3
95 357 CONTINUE
96 R=o
97 6010 600
98 36U IF(PMS(IVALI.GT.WRMS.AND.CH(IVAL).NE.'1')60T0 355
99 CHR='P9
100 DO 365 1=1 112
101 FYUSE4I1=Fv8J(IVAL,I)
102 365 CONTINUE
103 600 WRITE (6 12 5)CHR,USTR
1014 125 FO0RMAT TI IPX l

106 C
107 0O 127 S = 1912
IDS IF(WSTR46:71 *EQ. CTYPESISI3 7
109 127 CONTINUE
110 WRITE 613,130) AC0D~,CM0CDE(T),FfYWSTRIIg'.I,ACODE,FSIX9
III WSTRIS:8 NINTIFYUSEII)11 I=.6
112 WRITE413 130) A160DE CMDCDE(T3 FT WSTRII1:'.1,ACODELSJX,
113 0 ISfR8:8, INIATIFYUSECIIh.1, 1z23
114s 130 FORMAT6AXA 3 9I29A4.,A1 IX 12 Al 616 2513

115 RITEl? 10) AODE CMOCE(T)I FYWSTRil:'.IACODCFSIX,
116 * VjfR368:3 11INITFYUSEII Ib 1:61 63
117 WRITE :1 130) A 0DEACMOCOEI 3V T 1' ACODE,LSIX,
118 * WSIR48: ),(NJ TIFYUS 1II3, 17,121
119 C
120 IFICHR.EQ.'8') THEN
121 REA0E1O,135;ELF4O0 IWSTR WMS
122 135 FORMIfTI/I/I/ XvA a 1xF1U.Z)
123 ELSE
12'. READ '1C,I2O9END=50)MSTR,WRMS
125 ENDIF
126 169 IF1WSTR1l:'.).NE.LAS7R1I:41 THEN
127 0 0 4.29 1=1 R
128 IF(LASrRII:,l .EQ. MSJRREJ)) THEN
129 IVALI=1
130 NUMII 21=1
131 GOT 1 431
132 END IF
133 '.29 CONTINUE
13'. NUS4Z:0
135 (0T0 A05
136 '.31 NUM2=NUMIIVAL1.ll
137 '.32 SU=
138 UPl '33 1=1,IVALI-1
139 SUM=SUN.NUM(II1
1140 4.33 CONTINUE
141 805 WRITE16 S10)NUM2
142 IF INN 5 .1EQ. 0) GOTO 712
P43 81U FORKATO NUMBER OF MANUAL ENTRIES=*,I3)

145 792 C1H'M'"
146 DO 712 11,vNUM6TVAL19I)
147 00 89C 9=1012
1w1PI FYUSEIK)ZFVMANISUM+I,K)
149 89U CONTINUE
1S0 IF (FLAC' EQ.. 11 THEN
151 LASTR=MSTRH(lVAL2)//MCUM6LI
132 UOTO '.73
153 (NU IF
16'. LASTR=LDS1I:5J/tmCOM1SUM*I
155 '.73 WRITE46,125) CHR LASTR
156 WPITE16,11636FYURE46~L= .Iv12I
16P7 C
158 140 '.05 S - 1 1

*159 IFtLAS7R11!:71 LQ-0 CTYPES6S,)3I 7 S
160 405 CO:',TINUr
16L WR1TE113,1301 ACODE,CMdOCDE6TI,fY,LASIR6I:'.I.ACOOEFSIX,
162 LASIIS INNIFUE6J1,J 6)
163 WR 11(111301 D~0( CMOCOEI 7) FY,LASiNII :'. ,ACOOE ,LSIX,

Figure J-3. Forecast Merge Routine
(page 2 of 3 pages)
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I t.4  LAST 8:83 ENI1IFYU~bLJl3 JJ 2I
lbS WRITE11? 11O) AI!O0E ,COCE(JFYLASij RG4a)pACOOL,FSIX,

166 * ASIRIS:a,(NINI IFYUS EI I JJ:16I
*167 6RATC I17,13O31 ACODEC#4DCLEIT),FYLASTlI :.jtACOOLvLSIX,

1643 LASTRI8:S),(NINIIFYUSE(JJll, JJ=7,121
169 C
171) 712 COTIrNUE
111 IF *FLAGI *EQ. 11 601 YO
172 E1JIU IF
173 G010 305
17~4 06 96 PINT I, LaE 13 OPEN ERWOR

1 6 77 FOI "A I THESE ARE THE EXTRA MANUAL Ek]RIESSl

176 SCO LAG LQ.* 11 6010 b83

79DO 679T=1WAL2*1,R OlE

di. FLAG1

35 SUM=O
xa6 DO 681 LzI1,TIVAL2-1
187 SUM=SUM#NUM IL,1 I
1138 681 CONYTItUE
189 DO 683 LzSuM*1,SJM*NUMIIVAL2,11
190 GOTO 792
191 68. CONTINUE
192 LNO IF
193 b79 CONTINUE
194 EN(JFILE 13
195 STOP

Figure J-3. Forecast Merge Routine
(page 3 of 3 pages)
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I:A GEN86CI17A lnC 87836 85283 82925 77613 78190 93926
2:A 6EN860117A 4C 95726 746 92956 93697 95477 85760
3:A GE11o60117A 10 2131 2181 1851 1603 1535 21764:A :GEN860117A 46 1253 1828 171q 2032 876 2589
5 GENb6GII7A IM 321 294 '4U 433 414 415
6:A GENb6c17A 4M 409 47b 597 517 490 372
7:A COK660117A 108 14757 12913 2659 3562 5170 10131
8: COK660117A 4B 8962 7404 15632 7078 14588 7201
9:A SPC660117A 108 25764 25556 26218 16940 15305 24106
IO:A SPCo60117A 4B 25682 294C4 23614 21976 20557 30061
I:A SPCd60117A 10C 296 273 315 326 345 357

12:A SPCb60117A 4C 275 47U 319 378 555 371
13:A BLKb60117A lOC 0 0 0 0 U 0
14:A BLK861117A 4C 0 0 0 0 0 0
15:A AMb6UI17A 10B 0 a 0 U
16:A AMOb60I17A 4B 0 1554 393 A 1
17:A AMd6O17A 1OM 4599 4439 4013 4618 4596 4635
,8:A AM0860117A 4M 4606 4613 4534 4642 4480 4414
9:A AMOb6117A IOC 18 8I

20:A AMo860117A 4C 18 85 5  5
21:A FRZd60117A IOC 1414 1585 1464 1628 1274 1657
22:A FRZ060 1 17A 4C 1777 2211 1813 1990 1360 1088
23:A HHG860,17A IOC 651 399 460 48 513 411
24:A HGb60117A 4C 398 413 404
25:A CNX860117A lOC 493 44U 43o S00 563 493
26:A CNXb60jf7A 4C 516 417 489 519 430 474
27:A CNXa601 lA lOB 201 48 137 a 4
28:A CNX860117A 48 0 0 0 432 0 218
29:A CHLb60117A IOC 51 42 17 39 14 37
30:A CHL860117A 4C 371 567 417 774 751 654
31:A BLK60117A 108 0 8690 0 0 24710 24881
H .A LKb OII7A 4 0 24451 21116 16831 20929 20984

A 0't601175 10 14829 8585 13874 13329 8468 10190
34:A POVb6OII7A 4C 11829 1422b 13912 14011 20122 16881
35:A POVbOi7A 108 2065 1641 4395 2916 706 869
6:A POV86011 'A 14 1865 28" 2028 '7! 108 543
37:A HH6G617A l 0 0 a0 5 18
38:A HH666117A 46 0 0 0 0 0 10
39:A SPC860217A 1OB 0 1010 757 0 0 86
40:A SPCb60217A 46 i501 0 0 314 12503 1362
41:A 6EN860217A IOC 3766 2903 Z53 3832 3630 2590
42:A GEN860217A 4C 3364 3123 3019 3687 3532 2919
43:A GENb60217A 1OB 134 310 309 413 191 150
64:A GENb60217A 48 177 191 132 194 816 229
45:A POV8602 17A 1 1C 1986 1522 17o7 1877 Jtg5 1472
46 b:A POVb1A 4C 1602 1454 1620 23ZI 020
4 ?T:A HHG660217A IOC 261 231 129 207 159 214
48:A HM&6:60217A 4C 274 167 1%4 325 328 208
14 9:A CNX860217A lOB 0 29 0 0 135 0
50:A CNX860217A 48 a 0 a a 0 0
51:A P0Vb60217A 108 0 24 882 0 272 U
52:A POVS60217A 48 0 a 0 255 0 0
53:A FRZ860217A IOC 0 0 0 0 0 054:A FNZa60217A 4C 0 0 0 0 0 0
55:1 POW61701A 1OC 3008 2514 2460 2417 2514 2671
56:A POb617L1IA 4C 2748 3921 '018 4452 3744 3587
57:A HHGU617uA 108 1100 861 1528 730 844 2056
58:A HHG6170]A 48 803 1254 1887 1865 1854 1597
59:A HHGb61701A IOC 601 886 547 588 573 524
60:A PHG8617U1A 4C 294 411 551 739 520 381
61:A CNX617.1A 108 2939 2528 4507 4683 11U 5272
62:A CNX6617OIA 46 5769 9304 4716 2582 2642 5607
63:A GEN861701A 1011 1864 2353 2017 1021 1803 1277
64:4 GENb61701A 4M 1567 1402 1512 2191 2363 1405
65:A 0f11,61701A 108 263 376 4f05 74 429 317
66:A GLb61701A 48 392 217 347 282 331 321
67:A SPCb6l7blA I0B 7592 233 1469 737 792 315
68:A SPC661701A 48 672 562 809 646 543 413
69:A ,MOt,61701A lOB 0 0 0 0 a 0
70:A A0tb617ulA 48 0 0 U 0 0 G
71:A AM 61701A IO 0 a 91 41 a 108
72:A AM061701A 4m 24 574 466 0 20 14
73:A POVU617UIA IB 0 0 0 0 U 0
74:A P0Vb617U1A 4B 0 a 20 0 0 0
75:A GLNG617u1A IOC 0 58 668 42 0 63
76:A ErN,61701A 4C 62 60 21 470 25 t '24

* 77:A CEN66C351A IOC 12440 14194 12153 12163 11996 1502q
78:A GL '?613515 A C 16590 16613 IbO& 14162 129u

9 
14349

79:5l G-Nts6L351A 10B 896 39 417 524 380 442
80:5 GLF4860351A 46 749 576 4d0 609 683 530
81:A AM0860351A 11B 2298 2298 2298 2298 2298 2298
82:A A h, L6(135 1 A 48 2298. 2298 2298 2298 7298 229b

-J Figure J-4. Forecast Merge Routine Output
(page 1 of 14 pages)
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3"A M0860351A 10c 0 1 3 U 19
4:A AMOb6O351A 4 C a 9 0 0 0 0
85:A SPCb6O351A 105 896 399 '17 524 36U 442
86:A SPC860351A 4B 749 576 40u b09 683 530
87:A SPC860351A ICE 132 82 178 234 68 22
88:A SPC660351A 4C 172 93 100 117 235 231
89:A POvb60351A IOC 332 265 36.6 367 310 330
9C:A PUVb6035lA 4C 418 30 447 569 581 368
91:A Fib60351A IOC 340 401 375 336 357 348
92:A FRZo60351A 4C 352 353 351 351 351 351
93:A CHLb6O351A lOC 166 153 208 240 263 305
94:A CHL660351A 4C 270 239 255 307 211 226
95:A HHGb60351A 10C 30 50 31 43 5 49
96:A HHG860351A qC 4 86 237 240 178 151
97:A CNX860351A ICC 17 8 4 6 2 4
98:A CNXb6C3SEA 4C 2 7 33 3 32 4
99:A GEN860351A 1CM 0 a 0 0 0 0
100:A GEN&60351A 4M 0 a 75 0 0 0
IOI:A CNX60351A lOB 0 0 0 0 a a
102:A CNXb6O351A 48 0 0 0 0 0 20
103:A SPC8617[2A OB 10119 0 699 0 0 0
104:A SPCjl617u2A 48 0 266 0 0 926 202
105:A POVb67U2A 100 1129 1542 1089 1225 698 771
106:A POV661702A 48 1047 1149 2000 1042 146U 1251
1fl7:A POVd61702A IOC 359 313 271 387 161 267
108:A POV6617U2A 4C 160 259 470 450 862 435
109:A HHGd617'J2A 108 0 0 0 a 0
110:A HHGb66702A 48 0 0 0 0 0 0
III:A GENb61702A 108 1974 242 0 0 76 210
112:A GENa461702A 48 541 0 70 360 3 258
113:A GENb617J2A IOM 297 20b 513 608 631 405
114:A GEN861702A 4M 165 461 396 96 524 181
115:A HHG8617U2A IOC 369 87 5 3 46 0
116:A HHGb6I7O2A 4C 0 39 O 0 0 0
117:A SPC6b1702A ION 0 0 0 0 0 U
r18:A SPCb6172A 4M 0 0 0 0 a 2
119:A GENb6O327A lOC 5816 5317 5537 4528 5737 7212
12J:A GLN660327A 4C 7114 7881 7514 7864 8249 7494
I21:A GEN 60327A 108 45 48 9 69 9 72
122:A GEN860327A 46 92 87 43 86 25 79
123:A POVW60327A JOB 2013 1429 1779 1926 1939 1735
124:A POVb60327A 48 1782 2329 2869 3474 3077 2879
125:A PUVa60327A 10C 8 a 10 7 11 10
126:A P0Vb603j7A 4C 3 4 6 4 5 2
127:A HHGb6U3 7A 1OC 121 118 83 77 93 83
iZS:A HHGb60327A 4C 88 60 67 76 119 96
129:A SPCb6C327A lOC 0 7 b 12 1 7
130:A SPCdbo3 7A 4C b 26 2 2 4 5
131:A AM06n327A lOC 0 0 0 0 0 0l
132:A AM0660327A 4C 0 0 0 0 0 0
133:A FPZObC327A 108 84 69 78 69 80 91
134:A FkZb60327A 4B 83 86 1U4 106 95 87
135:

A  
FZo60327A IOC 7 9 27 9 23 21

136:A FZb60327A 4C 8 19 7 27 8 39
137:A CHL860327A 108 18 26 29 41 11 6
138:A CHlL*60327A 48 5 8 10 19 31 ?U
139:A CNX660327A 1CC 4 1 1 2 2 3
140:A CNXo6U327A 4C 3 2 2 3 5 3
141:A 1:A AMO6b327A 108 0 0 0 0 0 0
142:A AMOb60327A B 0 2mL0 200 200 200 200
143 :,. SPC160327A 108 34 169 U 0 22 95
144:A SPC860327A 48 746 264b 1670 656 253 86
145:A CHLb6[J327A IOC 0 0 0 0 75 75
146:A CmLtbG327A 4IC 75 75 75 75 75 75
147:A GErb6u 25A IOC 3695 4108 4274 3464 4384 5048
148:A GLI'Nt6,425A 4C 5480 57U1 5091 5U26 5708 4986
1149:A HH68604 25A IOC 203 179 182 183 189 19U
15Qr:A HlfGb60425A 4C 187 193 192 192 191 190
151:A CI;L6bo425A IOC 90 9U 90 90 9U 90
iS2:A CIILc)6'4 25SA 'C 90 90 9U 90 90 9U
153:A f1L 6042SA IOC 33 13 39 31 3 59
154:4 A bkq60425A 4C 39 19 4b 32 15 52
155:A AMO9u1425A inc 0 0 0 1 1
156:A AMO0b6v425A 4C 0 U O 0 2 U
157:A r ,.,4r,254A 1OB 0 G U 0 Li a
158:A (,E!db6C4.'Sm 48 0 4U L 0 a U
159:A PHGo6I 425A llB 0 U 0 0 U U
16U:6 HH b6U',eSA 48 0 o C 0 Iu
Ib:A SPCo6042SA 18 659 318 141 188 192 501
162:A SPCabU425A 4b 205 255 1.0 164 498 191
163:A SPCbbC4ZSA 19C 25 25 25 25 25 25
164:A SP'Cbb0425A 4C 25 25 25 25 25 25

Figure J-4. Forecast Merge Routine Output
(page 2 of 14 pages)

J-10



CAA-SR-85-11

.65A POV.60425A 108 1171 93 867 912 1114S 1162
66:A POV66042SA 48 1252 1083 1219 1730 1371 1061
167:A POVS60'425A IOC 18 8 6 0 0 25
168:A POVb60425A 4C 14 30 0 697 886 852
169:A G6L601 18A IOC 6231 6269 5492 5696 5961 6560
170:A GEN860 ISA 4C 5805 6450 6514 6977 7727 6892
171:A POVW60118A 10C 69 31 qu 56 23 51
172:A POVb601IRA 4C 45 58 124 117 106 58
173:A SPCbbOi18A IOc 5 a 0 a 0
174:A SPC660118A 4C 23 a 0 0 a 6
175:A HHG660118A lOC 214 b 7 5 11 11176:A HHGb6o11BA 'C 14 % 17 16 11 7
177:A CNXb6I 1A IGC 7 6 1 4
178:A CNXb60118A 4C 13 2 SA 11 8 13
11 9:A AMOb60118A 1 0 0 0 0 0 0
IAM066018A 4 20 0 35 0 Q 0
181:A GEN660118A I08 U a 0 0 0
182:A GENS60118A 48 0 0 0 8 0 30
183:A FRZb6011,A 1CC 0 0 00 a a
184:A FR/b60I18A 4C 30 0 0 0 0
185:A SPCbs60118A I0S a 0 0 0 0 0
186:A SPC860118A 48 0 0 0 0 a 10
18?:A GENb603SOA IOC 4493 410b 3906 2966 36 6 j
188:A GLI4660350A 4C 3476 5387 4857 6296 4931
189:A G- b6O50A 108 129 102 190 109 97 85
190:A GEN860350A 48 95 106 72 93 88 148
191:A FRZbI63SOA 1CC 158 133 143 146 144 160
192:A FRZ860350A 4C 195 143 178 173 163 204
193:A CHLb6O35r0A IOC 90 71 103 82 91 82
19'4:A CHL66U3SOA '4C 103 69 77 101 80 97
195:A SPCb60350A 108 '47 '4 94 '41 36 59j96:A SPC86O35OA 48 61 36 48 73 177 62
97:A HHGb6L;350A 10C 6 0
198:A HHU660350A 4C 36 3 40 61 29 19
199:A POVs60350A 10C 0 20 19 17 10 12
200:A POVS8i350A 14C 3 17 21 6
201:A SPC63 13 C a 0 0
202:A SPC060350A 4C 0 0 0 0 0
Z03:A SPC862727A lOB 0 0 0 0 0 0
204:A SPC862727A 48 1027 787 0 3848 6699 947
205:A GENb62727A lOB 364 341 259 212 326 291
Z06:A G N862727A 4 246 670 610 601 744 579
207:A POV8b2727A lOB 59 56 39 53 45 42
208:A POVa62727A 48 44 17 50 46 56 51
09:A AP0862727A 10 46 50 25 23 58 25,:A AM0862727A 4 31 35 29 112 36 62
211:A HHG862727A 108 2 0 14 1 2 0
212:A HHGa62727A 48 6 1 1 8 5 19
213:A CC1862727A 108 195 0 0 0 a 0
214:A CCT662727A 48 a 297 0 0 143 30
215:A CNX862727A 108 0 0 0 0 0 0
216:A CNX862727A '48 0 0 0 0 36 0
217:A CC1861817A 108 '757 451% 4204 3353 3296 448b
218:A CC1T618l7A 4B 3824 4340 4549 4248 49614 4b4
219:A SPC861817A 1OB 0 0 0 0 0 0
220:A SPC861817A 'B 0 0 0 0 a 0
221:A GENS61817A 10C 125 103 109 160 141 40
222:A GLN861817A 'IC 45 197 66 440 89 202
223:A GENa61817A Ins 0 0 0 0 0 0
2214:A ,E N 861817A 48 0 0 0 0 a 0
225:A HHG861817A IOC 0 0 0 73 5 U
226:A HHlGa618 17A 4C 2 a 0 0 a a
227:A CNXa861817A lOB 0 3 85 0 U 0
Z28:A CtXb618I7A 48 0 75 0 0 0 0
229:A GEN6OI19A IOC 2659 2241 1591 406 0 0
230:A GENG60113A 4C 0 U 443 694 1698 1709
231:A GENbbIO9IA ItB a a U 0 U 0
232:A GC rto6o1 19A 48 0 a a 0 0 U
233:A POva6U119A IOC 491 393 398 351 352 46U
23%:A POVt6OII9A 4C 325 639 544 638 655 564
235:A POVo6O119A 108 0 0 0 9 U 1
236:A POVeb6i9A '4 0 4 0 14 11 U
237:A AM4U6..I

a
A InC 0 U 0 a 0

238:A AMUo601l9A 14C 0 U 0 0 j U
239:A SPCb60II9A 108 72 72 0 0 j 179
Z40:A SPCu6011A 48 55 o5 21 94 123 144
14:A HHG8 60119A IOC 66 69 31 30 11 19%Z:A HHbtb6b1)qA 4C 15 71 69 66 107 4 5
2t13:A CNxb60119 lOC a a 0 .0 C u
2144:A CNxo6fl11qA 4C J 0 0 0 0 L
24S:A HHbbbUI19A ICB 0 39 U 0 0 26
246:A HH6b6{0119A 48 0 II 0 ZO U U
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247:A SPCb61IIgA 1CC 46 198 0 48 12 20248:A $PCd60119A 4C 9 U 123 34 71 16249:1 GAN86011A IOC 4213 4351 3134 1924 2267 3817
ZSU:A GFNb6OII4A 4C 3458 2912 2438 3527 3761 4043251:A GEN66U 14A JOB 7q 7 21 0 0 U
252:A GENd6011 A 48 51 U 35 0 O253:A SPCb6OIl4A JOB 486 571 565 374 5G9 497254:A SPC8601I1A 48 481 539 813 678 301 500255:A SPC66C14lA IOC 7 24 25 24 33 11
256:A SPCO1'14A 4C 11 9 11 11 20 31257:A POV660114A 108 247 209 208 205 162 224258:A P0Vb6CIIA 48 212 276 312 382 399 331
259:A POV66011A lOC 1 j 6 2 12 2260:A POV6OI1A 4C 18 0 0 0 is 4261:A FHGo601 4A IOC 32 ?2 19 19 25 14
262:A HHGb6GlI'1A 4C 8 9 22 15 19 28263:A AM]660114A IOC 0 0 V 0 0 0264:A AM06OGI14A 4 C 0 0 0 0 0 0265:A HHG8bUI1A IOB 0 a 9 6 5 1
266:1 HHt,601Il1A 4B 15 a 5 29 2U 7267:A GENb6U16A ICC 3867 3817 3929 3231 3117 4C74268:A GEN86UI56A 4C 3658 3963 3568 3490 4461 4228
269:A PoVb60156A IOC 668 579 643 497 '45 622270:A PUVb6O1S6A 4C 588 642 649 771 917 970271:A SPCbbUi56A 10B 0 13 0 0 0 0272:A SPCo6O1S6A 18 0 0 0 0 13 U
273:A SPCb60156A lOC 142 198 119 164 173 95274:A SPCb6O156A 4C 292 134 202 154 169 208275:A HHGuo61156A ICC 0 0 0 0 0 a276:A 4

HGb601b56A 4C 0 0 0 0 8 4
277:A CNX660156A IOC 6 12 18 1 19 43Z78:A CNXb60156A tC 5 0 4 8 9 6279:A POV660156A lOB 21 a 0 18 0 8
280:A POV,60156A 48 0 0 a 0 0 16281:A GENb60156A 1OB 1 19 1 3 27 1282:A GLNu6015fA 48 1 0 0 0 0 0
283: a CHL86UI56A IOC 0 0 0 0 0 0284:A CHLb6CI56A 'C 1 0 0 0 0 26285:A AM~b60156A ICC 0 5 6 13 5 4286:A 1MfO601564 4C 0 7 2 41 1 '
287:A GLN860120A IOC 1801 1630 2245 1918 1887 2354
288:A GEN66012[A 4C 2389 2389 2113 1751 1935 1831289:A GEN660120A JOB '91 2, 0 0 0 0290:A GEN66OI20A 48 231 0 0 0 0291:A SPC660O20A 108 2903 0 n 0 0 0
292:A SPC660120A 48 0 0 0 726 0 0293:A SPC6O120A iOC 99 1

6  
51 31 61 25294:A SPCd6OI2OA 4C 35 4 30 4 47 49295:A P0Vo60IOA IC 108 117 105 95 94 80

296:A POVb6O12OA %C 78 111 137 98 181 59297:A HH6b60120A 10C 0 0 0 0 0 0298:A HHG86(12CA 4C 0 0 0 3 0 U
299:A CmtL86012OA IOC 0 0 0 0 0 a3o0:A CHLb6O120A 4C 0 0 0 0 0 33O1:A POV860120A 108 0 0 13 0 j 03,)2:A POVd601OA 'B 0 0 1O 0 0 20303:A CNX660120A JOC 0 U 0 2 0 U
304:A CNXb6012OA 4C 0 3 3 0 0 26
305:A FRZ86012CA ICC 0 8) 2 234 U 181336:A FRZb6O19A 4C 133 IC3 128 97 127 171307:A GiENk6U352A IOC 2320 2U61 2297 1748 1828 2254306:A GLNb60352A 4C 2259 2142 2157 2061 2341 2482
309:A GEJb6t1352A 10 25 j 241 218 61 94310:A rENb6O3SZA '8 55 0 0 0 192 135311:A SPCob6352A 108 0 U 0 7 0 0
31 :A SPCb6U35?A 4 a 0 U 0 2309 388313:" HHbb61i3 52A IOC 2 3 0 0 0 U3141:A HHC6U363A 4C 0 a 0 0 0 O315:A FJZo60A,?A 1CC 54 33 25 17 2b 66316:A FRdb603b?A 4 C 29 64 55 42 63 55317:A AHOb60352A 108 0 U 5 0 o 166
31 B.:A AM0060352A 'B 175 29 25 129 lir 188319:A AM086I352A IOC 0 u 0 0 U a320:A AMOb6C352A OC 0 0 0 2 a U321:A CHL660352A ICC 53 41 37 31 23 9322:A CHL860352A 4C 35 7 17 22 4' '5323:A POVa60352: 1Cc 0 a 0 0 [ 1o3Z4:A POVb6032A '1C 0 j 0 16 12 0
325:A ChX860352A 108 u 0 104 0 U 142326:A CNX860352A 48 0 0 0 0 0 U327:A GENo6WAS1A IOC 658 943 923 812 946 1117328:A GLNo6l'51A 4C 1477 173b 997 1301 b63 902
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329:A GENb6O4Q51A 10B 809 318 833 1129 500 1418
330:A GEN86[,451A 4B 945 1114 660 1645 885 1339
331:A POVL6U451A IOC 91 108 93 80 104 74
332:A POVb6U4SIA 4C 135 166 194 271 276 235
333:I SPCU60451A 108 0 405 8 139 27 0
334:A SPCb60451A 4B 0 32 13 0 0 9
335:A -PC86O4S1A IOC 0 1045 U 0 0 5
336:A !PCb604SiA 4C 0 D 11 0 0 19
337:A PObo627U3A 1OB 1742 2148 1779 1527 1552 1909
338:A POV8627U3A 48 1753 3275 3443 3287 2609 1864
339:A HHGob27U3A 103 ( a 17 0 0 0
34tU:A HH666b7U3A 48 0 U 38 0 30 16
34 1:A HHU6627iu3A IOC 77 18 42 6 1 0
342:A HHtb627 U3A 4C 0 0 0 0 47 182
343:A GEN662703A OB 0 0 0 0 0 0
344:A GEN8627 J3A 48 0 0 5 0 0 0
345:A SPCb627j3A ICB 5 a 0 0 0 0
qb:A 5PC6627U3A 48 1 0 21 0 a 0
47:A AHob627d3A 108 0 0 -0 0 0 0
348:A AM0b62703A 48 0 0 0 87 0 0
349:A GCN660356A IOC 2513 2579 1463 1608 1413 1912
350:A GENb60356A 4C 2021 205S 2933 2930 2883 3012
351:A POVbbO356A iC 79o 30 54
352:A POV660356A 4C 42 16 80 61
353:A CHL1,60356A IOC 0 115 24 67 16 52
354:A CHL60356A 4C 21 40 15 4 13 32
355:A FRZe60356A IC 48 46 23 58 32 H7
356:A FRZ660356A 4C 41 51 45 46 59 55
357:A HHG60356A IOC 0 0 0 0 0 0
358 :A HHGb6C356A 4C 0 3 0 0 0 0
359:A GENbbO332A InC 2175 1808 1765 814 2281
360:A GENbbo332A 4C 2466 2543 2618 7 372 2380
361:A GLNb60332A 108 28 7 32 22 4 122
362:A GEN6U 332A 4B 31 42 21 20 33 18
363:A CllLb6C332A ICC 43 59 q8 59 49 35
364:A CHL860332A 4C 26 37 33 47 43 47
365:A IIHG860332A 1OC 56 31 4 28 40 8
366:A HHG66L;332A 4C 24 50 50 88 78 53
367:A FRZ56U332A IOC 65 5U 54 68 45 61
368:A FWZb60332A 4C 58 65 85 87 86 84
369:A POVb60332A iOC 10 8 11 18 20 6
37U:A POV860332A 4C 10 18 15 21 22 21
371:A SPC660332A 10B 128 0 0 0 0 0
372:A SPC860332A 4B 32 94 0 0 0 78
373:A SPC860332A iC 0 a U 23 0 0
374:A 5PC860332A 4C 9 0 a 0 131 a
375:A AM0860332A IOC 0 30 U a a 0
376:A AMO60332A 4C 92 a 0 0 0 0
377:A GENbbU317A iCC 515 577 295 398 258 456
378:A GENb60317A 4C 493 307 513 336 348 484
379:A POVb60317A IOC 0 a 0 0 0 0
380:A POVb60317A 4C 0 0 0 0 u 0
3 81:A GLNb6U328A IOC 1145 1045 1050 965 936 1087
362: A UZENb60328& 4C 1262 1237 1601 1053 1008 1128
383:A GENb60328A 106 59 68 71 22 54 79
384 :A G[Nb66328A 48 21 35 55 13 38 19
385:A FRZbbO32PA inC 4 17 0 36 0 83
386:A FRZ 6032A 4C 39 55 28 27 25 .17
387:A SPCb60328A JOB 60 9 0 0
388:A SPCE60328A 48 0 0 0 19 0 0
389:A SPCb6O328A IOC 0 6 9 0 U 20
390:A SPCbb328A 4C 0 0 13 13 0 0
391:A CHLb603,2A 10C a a 0 20 L 20
392:A C4Lb66032PA 4C 0 a 0 0 0 0
393:A HHGbbG3i'8A 1OC 68 46 37 51 18 48
394 : A HHbb6L348A 4C 66 51 121 92 59 74
395:A RLKo6L328A 19C 0 U 0 0 0 0
396:6 A SLKb66308A 4C 0 0 U 0 0 0
397:A AMOW6328A lOC I U U 0 0 0
398:A AM04*6C.3,PA 4C 3 0 0 0 1 U
399:A CcT861718A 108 2922 3245 2061 2056 2783 2675
4OO:A CClb6il7JA 48 2136 2991 2577 2451 2711 2401
4U1:A SPCt61718A 108 438 67 U 0 0 0
402:A SPCb617AA 48 0 0 0 0 U 0
403:A G[Nbblli8A IOC U 0 0 0 U U
4t]4 :A SENb617itA 4C 0 0 U 0 U U
405:A HHGb6l718A 108 0 j a 2 U 0
406: A HGb6 17 IPA 48 0 U U 0 0 U
407:A GLNa6l7 IPA JOB 0 a 0 0 L U
408:A GENb6b718A 48 U LU 56 9 U 1
409:A HHGb67I A IOC 0 5 0 1 ; 9
410:A HHGb617186 4C 0 2 0 o 0 8
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411:A CCM62b,2'A 108 172 178 154 135 14b L54
412:A CC l62020A 48 154 122 lub 64 74 65
413:A SPCb62 A 106 1155 707 678 726 517 654
414:A 5PCL6202nA 4B 860 a11 918 473 876 804
415:A GEIhbb2O2CA 106 83 U 83 5 0 24
% 16:A GENb62020A 4B 0 0 0 0 0 a
417:A POV8620 2fA lOB a 0 0 0 2 1
418:A POVb62020A 46 6 14 7 0 a 0
419:A HHG66202nA 106 0 0 0 a 0 0
42U:A HHG6b202nA 4B 5 a 12 0 0 0
421:A POV660127A lOC 592 505 616 621 508 6g1
422:A PO;,60127A 4C 675 794 946 1210 980 759
423:A POV86O1 TA 106 0 0 0 0 a 0
424:A POVbbI27A 4B 0 a O 0 0 0
425:A 6LN60127A 10C 488 483 568 28 617 65j
426:1 A ENWb6127A 4C b29 634 700 866 8 6 64
427:0 bEt-b60127A OB 69 0 0 0 0 0
42b:A GEkts6rl 27A 4B a 0 U1 0 0 0
,429:A SPCbO127A 108 0 0 'Ub 0 0
430:4 h SPC660127A 4B 0 286 260 lU 157
4 I:A HHG.bb6027A 10C 4 19 35 28 8 6'
2:A 2G 33 11 33 227 172 1081

433:A GLNb6U256A ICC 84 0 0 0 a 0
434:A 6ENb60256A QC 0 0 0 0 0 0
435:A GENbCZS6A lOB 234 617 216 269 39 38
436:A GEt.60256A 4B 280 95 880 110 245 28
437:A SPCb60256A ob 312 368 0 '37 0 3888
438:A SPCb6L'25bA 48 0 50 36 0 0 0
439:A POVb6O256A 106 116 162 145 221 97 243
44f:A POVb6O2S6A 48 0 0 0 0 0 0
441:A H4Go60256A lOB 8 12 1 20 11 1'
442:A HHG666256A 4B 0 0 20 0 0 0
443:A HHG660256A 10C 0 a 0 0 0 21
444:A HHGb6D256, '4 0 23 42 25 12 37
445:A SPC86015 10 98 232 0 17 12u0 202
446:A SPCb61A5 46 0 410 150 0 659 198
447:A GofI60151A IGC 262 106 197 125 77 713
'4C:A GEkb60lSIA 'C 102 232 227 76 205 '3
449:A CEN60151 108 6 7 91 1 7
450:A GLNb6fUISIA 4B 1,12 4 8
451:A SPCbbOIS1A IOC 288 262 10o6 197 125 77

*.2:A SPCL60151A 4C 713 102 232 227 76 205
453:, GENbSO123, 1C 591 572 513 5 425 8
454:A ,E Nhb 0123A 4C 490 548 407 61 s8 501
455:A GENb60J23A OB 0 0 0 0 0 0
456:A GENb6123A 46 0 a 0 0 0 a

45 7: A FqJZ660123£ 100' 110 1 1 156 186 17
458:A FR 60123£ 11C 171 1 6 41 53
459:A POVb6OI23A 106 19 a 0 0 0 0
bU:A P0Vb60123A '.8 a 0 a 0 0 0

461 :A SPC860123A IOC 0 a a 0 0 0
462:A SPC66OI23A 4C 0 0 21 0 0 19
463:A POVb6CI23A IOC 0 0 is a a 0
464:A POVb6O123A 4C 0 0 25 1' 12 9
465:A POV u62504A IOC 274 598 .60 282 257 '23
466*.1 POV662S5i4A 'C 309 775 920 '.35 207 147
%67:A GEN662504A 1OC 57 31 20 17 38 20

468:A GENS6254A 4C 37 20 10 1' 19 15
469:A SPCb62S04A 10C 0 0 0 a 0
470:A SPCb62S34A if C 0 0 0 #4 0
zi7I:A CNXo625G4A 10C 0 a 0 4 a
472:A CtlXbb2Si4A 4C 0 0 0 0 0 101
473:A POV6250A 108 0 a 0 0 0
474:A POV662504A 4B 0 0 0 133 30 404
475:A GNtJ865251A 10C 0 0 0 0 0 a
476:A GEt865251A 4C 0 0 0 0 0 0
%77:A GENb65251A 1OB 0 1 0 0 0 0
478:A GEN865251A 48 0 0 0 0 0
479:A SPC865251A 10B 0 140 0 0
480:A SPC865251A '8 0 U 0 0 0 0
481: A Hf665251A 106 0 a 0 0 0 0
482:A "4G6S6251A 46 0 a 0 0 0 0
483:A POV865251A OB 0 3 3 2 8 0
48':A POVS652SIA 48 a 3 2 6 6 2
485:A GEN860329A 1OB 7 a 0 0 0 0
486:A GENd60329A 46 0 0 0 0 0 0
487:A POVu60329A lOB 25 57 76 51 35 48
488:A POV860329A 46 47 52 58 '7 55 62
489:A FRZ16O3'9A lOC 36 30 27 31 29 34
490:A FRZn60329A 4 39 41 35 51 51 48
491:A SPC860329A lOB 0 G 0 0 0 0
492:A SPC6O329A 48 0 0 0 16 a 0
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493:A NHG860329A IOC 0 0 0 0 Li 0
494:A HHGc60329A 4C 0 3 0 0 U U
495:A CHLos6C329A ICC 13 15 I 13 15 b
496:A CIIL660329A 4C 9 8 8 23 12 22
497:A GEth60251A 10B 9 6.2 80 35 20 4G

-' ,. '498:A GENb6J2IA 4B 25 1 69 7 0 47
499:A AMob60251A 1OB 0 0 U 0 C I
SUG:A AMiub60251A 48B 0 a U a C, I
531:A GLNo165 d3A lOC 102 69 44 52 18 111
5J2:A GENt651 3A 4C 78 lab 165 157 56 77
503:A SPCo651U3A ICB 0 a 0 0 a 0
504:A SPCa65103A 48 478 0 0 0 Li 0
505:A POVo651U3A IOC 0 U 0 0 U3 U
5c,6: A POvb651G3A 4IC 0 0 U 0 U U
537 : A POV665163A 108 0 3 0

• 508:P POVO651U3A 48 15 11 77 1 J3 10
509:A AMU*65103A 108 337 140j 3 0 14 i
510:A AM0b65IU3A 4B 8 280 U 0 60 245
511:A IIHGb65 I u3A 1OB 37 25 Q 61 37 73
512:A ,,HGb651.3A 4B 60 auB "/3 43 7b 36
513:A HHG65103A UIc 255 61 71 32 16 0
514-.A HH&b65I03A 4C 63 31 62 40 29 0
515:A PO~b62001A 1OC 48 55 57 7 31 5
516:A POV662OUIA 4C 104 91 lu5 5 61 4
517:A "H062001A lOC 0 0 0 0 0 0
518:A HHLo62[!GIA 4C 0 a U 0 0 0

* 519:A GEN862001A IOB 320 0 0 0 0 0
5 520:A GENb620GIA 4B 0 G 0 0 a
521:A GENo6ZCOIA 1OC 0 0 0 8
522:A GEN662UIA 4C 0 a 0 0
523:A GENb65051A 1OB 139 70 87 70 5 U
524:A G[Nis6501A 48 0 0 0 0 0 0
525:A GLN665051A lOC 5 0 0 0 I
526:A GENa65051A 4C 0 9 0 0 0
527:A HHGb6SOlS1A 108 0 0 10 0 0 0

* 528:A HHGb65051A 4B 2 0 8 7 a
529:A GEN8602188 18 0 0 0 0 0
530:A GEN,60218A 48 0 0 0 0 0 0
531:A SPC660218A 108 0 0 0 406 G 0
532:A SPC6602ISA 48 0 U 0 220 63 259
533:A POV86O21BA lOC 2 0 0 0 0 0
53'4:A POVb6C218A 4C 0 a C 0 0 0
535:A HHGb6(j218A IOC 0 2 0 0 0 0
53b:A HHG6602 18A 4C 0 0 0 0 0 0
537:A GEP 6461A 10B 0 a 0 0 60
538:A Gtti8646OlA 4B 0 173 0 0 0
539:A PoV86461oA 1OB 2 0 0 2 0 0
5qO:A POV6646O1A 4B 0 0 0 0 0 0
541:A CNXb6l4O1A 108 0 0 0 0 0 0
542:A C1xb6140lA 48 0 0 a 0 0 C
543:-A PUVb6140lA 1OB 145 76 88 119 16 82
544:A POV861401A 48 82 141 246 133 161 93
545:A GEN61401A 1OB 0 a 0 0 a 0
546:A GEN6614UIA 48 0 0 0 0 a 0
547:A GLN6614'1IA lOC 13 52 0 1 9 39
548:A GE;b614UlA 4C 0 0 0 0 U 0
549:A SPCb66401A 1n9 136 0 0 0 0 0
550:A SPC66 I dA 48 0 a 0 0 a 0
551:A HHGb6I1 I]IA lOC 0 a 0 1 0 0
552:A HHGb61'OIA 4C 0 0 16 3 67 64
553:A HHGo6lu4IA 108 0 0 6 0 2 0
)54:A HHGo614 LA 48 0 0 7 0 0 0

555:A POVb561A Ins 0 0 0 0 0 0
)56:A POV865601A 46 0 7 74 5 0 a
557:A GEN6656UIA 10C 50 0 0 0 0 U558:A GEtJ65bJIA tc 0 0 0 0 0 U
559:A GEN6656.IA 108 0 0 0 0 0 19
560:A GENb6560A 4B 4 3 U 0 0 U
561:A HH6656uIA lOC 22 22 8 3 1 6
562:A HHG 6S6,1A 4C 0 0 0 0 t 0
563:A HHGb656ulA 108 0 U 0 0
564:A IWHGb656 j1 4B 0 0 0 3 U
565:A SPC&65601A IOB 0 2 23 16 13 13
566:A SPCo6SbOIA 'B 17 63 5 17 0 14
567:A G[:4b6172nA Inc 125 lib 98 77 5u 56
568:A GENE6172A 4,C 72 4 50 50 14 5u
569:A GE~.o61720A Ils 0 J U 0 u 0
57[1 : A f;,1.o61 7

20A 48 0 U. 0 0 0 i
571:A FRZo61720A IOC 0 0 52 62 bb 2a
572:A FNZb6b720A 4C 0 j a 0 Ui 0
573:' POV0 61720A IB 0 0 9 0 U
574:A POVo61720A 48 0 a j 9 u U
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575:A CHL61720A IOC a 0 1 1 U 0
57b:A CHL661720A 4C U 3 G 0 J a
577:A POVb69UIA 108 0 a 0 C a G
573:A P0vz619JlA 4B a a 0 0 U U
579:A HHG8619U1A IOC 49 '4 4 ,9 3A 59
S80:A HHGo6l9UA 4C 43 3 5b 63 . 91
581:A GEN.619CJ1A IOC 10 a 0 0 U U
582:A GLNt;619L'IA 4C 0 0 0 38 U 73
5d3:A POV6627UIA IOC 0 a08 a 0
534:A Povi-62701A 4C 0 237 734 6T8 575 378
685:A SPC6627UIA 108 35 29 9 11 12 66
86 :A SPCtb627CIA 48 23 57 63 148 2b 5-

5d7:A GLNo6271!IA 108 20 a 0 0 0 &
588:A GEN*627UIA 48 0 a 0 0 U
589:A GL.Ntb66 27A 108 38 32 0 a a 3
390:A GEN660427A 48 0 U 0 0 a U
591:A POVe.6&427A 1OB 193 190 192 247 188 232
592:A PCVb60427A 48 212 251 361 512 356 376
593:A POV6sbr427A 10 5 4 1 1 1 3
594:A POV566427A 4 ] 1 2 3 2 2
595:A HHGb66'427A IVC 0 4 0 0 0 0
596:A HHGo6U'427A 'C 0 6 0 ' d597:A CHLo6O427A IC 0 150 0 0 a598:A ChLb60D427A 'C a a 0 0 a 0

599:A 1HGo652U3A 108 0 0 0 0 0 U
buO:A HHGob62U3A 48 0 0 0 0 a 0
611:A GENb652 33A 108 1 5 0 0 4 0
bU2:A GcNa6Sk2U3A 'B 0 10b 492 0 0 0
,03A:. GENo65203A IOC 0 0 0 0 0 0
6C' 4:A GEF4665203A 4C a 0 a 0 a 0
bIS:, AMOb65203A 108 0 a 0 0 a a
606:A AHOb652L3A 4B 101 0 232 0 0 0
b07:A SPCbb5203A 18 0 0 0 0 0 5
638:A SPC65203A 46 0 a 489 0 0 0
609:A POVb65203A IOC 0 0 0 0 0 0
610:A POVi6r.,2U3A 4C 0 0 a a 0 a
bl:A POV665203A 108 0 0 8 0 0
b12:A POVu65203A 4B 0 0 0 0 a
613:A POb60301A 108 94 147 155 147 74 79
614:A P0U60301A 48 150 159 232 175 157 148
615:A GENu6O3O1A 101 2 29 25 5 27 0
b16:A GLNb6O3UIA 4 0 0 8 2 0 0
617:A GENb6O1I46A IOC 221 155 220 119 271 187
6186: GEN860146A 4C 218 189 247 332 215 310
619:A SPCbbOI146A i0c 0 0 0 0 a 0
520:A SPC 6D6146A 'C a a 0 0 55 11
621:A POV660103A IOC 177 168 152 111 153 110
622: POV66OIO3A 4C 126 146 190 179 501 131

63A SPCb60227A 108 958 287 0 451 1781 5302
A SPC860227A B 11479 a 0 a ,4715

bZ5:A POV86n227A 1OB 2 93 50 210 128 82
626:A POV860227A 48 126 1oa 156 118 144 71
627:A GENa60227A 108 0 0 0 0 11 0
629:A GENBtn227A 'B 19 0 0 0 0 0
6Z9:A HHG860227A 108 7 2 0 2 0 12
630:A HHG60227A 'B 0 a 0 0 0 U
631:A GENa6021l4A 108 0 a 0 0 0 0
632:A GENb,02q1A 48 0 6 0 0 0 0
633:A POV8s60214A lOC 169 111 151 97 129 13b
634:A POV6b6OZI'A 4C 116 138 164 203 199 153
635:A POVb6O 21'A I08 28 43 41 0 42 23
b3b:A POVf660214A 4B 24 33 63 42 8 46
637:A SPCb602lIA IOC 0 a 0 0 0 0
638:A SPCb6OG1'A 'C 0 a 0 0 0 43
639:A SPC60214A 108 0 0 0 295 0 0
640.:A SPCb602I4A 48 0 0 0 0 54 51
bI:A HHGab02'IA IOC 34 is 18 16 1 14
642:A HHGb602l4A 'C 25 21 15 26 27 25
643:A SPCb6I80IA lOC 281 0 0 0 0
644:A SPCsb~ld8A 'C O 30 8 0 0 0
b45:A POVb6ISOIA lOC 0 a 0 0 a 0
646:A POV61801A 'C 0 9 31 64 41 10
647:A POV*6IBIA 108 0 0 0 0 0 0
648:A POvb6ISOIA 4B 0 12 0 0 0 U
649:A HHGb6I8UIA IOC 2 0 0 0 U 0
650: HHb61 IIA 4C 0 a 0 4 0 U
651:A GL jb6045 2A 108 51 35 14 110 I0 93
b52:A GE N ,oi,U4 5 'A 4BZ 33 11 is 22 87 81
653:A HHG.60) 4 5A IC 16 B 13 10 15 9
65'4A HHGtb6L'52A 'C 12 11 13 25 21 19
55:A CHLb6O6452A IOC 0 68 0 0 0 0

656:A CHLb,014!)2A 'C 0 a 0 0 0 0
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b57,A POVb6O4S2A IOC 0 J 13 0 U U
658:A P0v6b6052?A 'C 0 0 0L 0 18 11
659:A GEI.b60'50A 108 22 25 15 35 2'4 4G
66j:5 GLNb6tJ4AOA 4B 50 4b 24 53 69 53
661 :A rRZk6 04 10 C 40 43 0 a 0 0
b6,e : A FRZt L6 (A'!OA 4C 0 U [2 0 0 ii
b63:A CHLb6L45CA 10C 0 241 0 0 U 0
664:A CiLb,6I50A 4C 0 a 0 0 a L
66 5:A POvb60450A IOC 0 3 1 0 a 0
b6b:4 POVab6450A 4 C 0 1J G 0 0 0
667:A tHGto604 50A 10C 0 13 0 5 &1 3

gaA IIHGA$604 50A 4IC 0 0 Ui 8 7 4
69:A 66 o OA 108 J3 147 71 108 62 77
67;:A GEN663 !A 48 52 5E, L83 69 393 233
671:A POV660I56A IOC 7 2 0 1 2 3
b7:A POVbOj6I56A 4I 8 11 4 3 17 19
67-:' POv865603A I 0 0 a 0 0 0
674:A P0Vb656J2A B 0 a 0 0 0 U
b 675:A Povb65602A bOC 218 111 116 148 92 119
676 : A POVb65602A 4 C 20 408 0 477 228 88
677:A SPCbgJ602A 10S 0 a a 5 0
678:A SPCb 6,2A ' 1619 3888 0 2 0
679:5 GLNb656JA lOB 0 G 0 0 9
680:A GENb656U2A 48 1 9 26 0 29
681:A GEN665602A lOC 36 12 41 0 1d 9
68 :A 6EN6656 02A 4C 0 12 1 so 20 29
683:A SFCb60l1SA lOC 0 38 13 0 0 a

684I:A SPCb6OISA 4IC 0 0 90 0 0 20
685.,A GENbW3115A 106 98 8 91 84 g 112"t.' b~: PbO 1Aq 09 Yb

686:A GE.Nt6OIISA 'S 84 1313 87 85 9 46
687:A GENbObIISA 10C 0 209 0 0 G 446

688:A GEN bII 5A 'C 84 197 89 31 0 0
689:A POV6U 11SA 108 7 0 6 0 U
690:A PO Ve0I SA 'IB 0 0 a 1 4 29
691:A HHG660 1 15A 10B 0 0 a 0 a 0
692:A IHG80&115A 48 0 0 0 0 51 0
693:A POVI65101A 108 0 0 0 8 0
694:A POV86S1UIA 48 0 0 134
695:5 POVI;6Si] nA Inc 108 136 90 21 39 8.5
696*:A P0V5 6s11 'IC 24, 299 697 376 263 225
697:A SPCi65101A 108 36 0 0 12 0 0
698:A SPCB6510 A 45 0 35 0 0 0 22
699:A CEN8651U1A 108 0 0 0 4 0 0
730:A GEN665101A 'IS 0 0 162 45 46 42
701:A MH6665101A 108 5 7 12 12 11 23
702:A HHG665ll5 48 10 9 13 20 9 12
703:A AH0*6 5 101A 108 0 0 0 1 a
704:A AM08651UIA 'I 2 0 a 0 0
705: A GENb61301A lOB 0 0 a 0 0 0
7136:A 6ENb613ZIA 'B 0 0 0 0 a 0
7o7:A POVb613UIA 108 0 0 0 14 0
708:A PoV861301A 48 0 0 8 9 0 0
709:A GENb65U2A 10B 0 a 0 0 a 0
710:A GEN665IU2A 48 0 0 0 0 0 0
711:A POV&65102A 108 0 0 a 0 0 0
712:A POvb65102A 4B 0 0 17 0 0 0
713:A POVb651U2A 10C 18 53 59 47 70 20
114:A POV 651d2A 4C 63 128 333 127 86 87
715:A HH6865102A 108 6 & 28 31 11 14
716:A HHGb651U2A 48 14 12 11 10 9 1
717:A AMOz65lb2A 108 8 0 0 0 0
718:A AHtb65102A 48 U 0 0 0

"" 719:A GENa6O1U2A lOB 0 0 0 0 0 0
720:A GENa*6U2A 48 0 0 99 0 73 0
721:A POVb60102A 108 0 0 0 0 0 0
722:A PoVb60 02A 48 0 0 0 0 L 0
723:5 GFNb65232A I0B 0 0 U 0 a 0
724: A GE N 652 32A 'B 0 1 a 0 0 0
725:A GLt665152A inB 0 0 a U 0 8
726:A GEN65152A 46 0 0 a u 397 632
727:A HHGb66552A 108 2 4 7 0 1 4
728 :A HHG665152A 48 7 5 7 0 2 5
729:A AHUb65152A ins 16 a 0 53 U 0
730:A AMOo651b2A 4B 0 0 0 0 87 0
731:A POVb61703A inB 0 CA 0 0 0 0
732:A POVL617U3A 4B 121 165 0 0 a 0
733:A POVt61703A lOC 26 30j 37 21 2" l
734:A POVu61703A 'IC 354 a a 30 40 9
735:A *HGo6& 1)3A 108 13 3 15 0 0 IS
736:A HHGb628u3A 4B 0 a3 0 a U 1b
137:A GENo628.A IOC 49 115 76 89 81 45
738:A GLNL.62803A 'C 59 66 58 78 53 52
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739:A GEN6628;3A fl.B 0 0 37 0 j U
740:4 CEub62803A 49 a a 0 102 15 19
741 :A GEN60220A 10B 0 94 0 0 U 0
742:A GENb60220A 49 0 0 0 d 0
743: POvt.b022DA IOC a a 0 0 U U
744:A POVb6C220A 4C 0 a 0 0 u a
745:A GE b60J223A lOB 0 8 0 0 44
746:A GLNb60223A 46 U a 88 3 0 U
747:A C.'. 66022 3A IOC a a 0 0 U 11
748:A GLt.b6G223A 4C 0 a 0 0 b
749:A POVb60223A 108 b 0 j 4
75U:A POv8bU223A 46 1 0 0 9 0
751:A GENb60121A InS 0 U a 0 0 0
752:A GENb60121A 46 U a U a 0 0
753:A GENbC1 21A VIC 124 15 8 0 U
754:A CEN6lI 6dA 4C 45 0 4 0 t
155:A POVb60121A 108 0 2 0 0 a
756:A POVh60121A 4B 0 5 16 16 16 8
757:A GEN861CS(IA 10B a a 0 0 0 0
158:A GENi16l5zlA 4B 0 1480 154 0 a759:A GENo60219A I C 0 0 0 0 a76C:A GEt, b60219A 4C 0 0 0 0 0 El

761:A Gi.Nb6O219A 106 24 0 9 0 0 0
762:A G[ No6W219A 4B 0 0 1 0 0 0
763:A POV660219A IOC 0 0 0 0 13 11
764:4 POVJ60219A 4C 0 0 0 0 0 0
765:A GEhb6525JA IOC 107 41 49 39 61 61
766:A GEtao65250A 4C 42 68 144 154 143 216

% 767:A SPCb6S250A 108 0 0 134 0 0 109
768:A SPCb6S25nA 4B 77 0 0 185 9 0
769:A HHGb6525fnA 10B 8 2 0 0 4 3
770:A HHG6652bflA 48 0 0 0 0 0 6
771:4 POV.6525OA 1OB 0 0 0 0 2 0
772:A POV865250A 48 0 0 9 0 a 0
773:A SPC865052A 108 0 0 0 0 0 6
774 : A SPC665352A 46 0 0 0 0 a a
775:A HH6665C52A 108 0 0 0 4 0 0
77b:A HH6865052A 49 0 0 44 0 0 0
777:A PUVb6SnL52A 108 0 0 0 0 0 0
778:A P0Vbfi5052A 48 0 0 10 0 0 a

.779:, Pb,.2A IO 29 C9 32 42
78(1:4 Pov86190ZA4 'C 31 31 4 3 38 2sq38 24
781:A GEN661902A IOC 13 a 0 0 93 0
782:A GEFU61902A 4C 0 0 0 140 0 0
7d3:A GLN860113A 108 52 273 82 77 17 69
784:A GEN6bl 13A 48 77 73 72 67 65 62
S5:A HHGb60l13A lOB 63 58 3 0 27 52
86:A HH &60 113A 4B 53 11 46 0 a 4
787:A POVZ60 113A lOB 3
788:A PCV66013A 48 0 a 8 1 1 11
789:A AHOU60113A 1OB 0 1 0 0 0 a
790:A AM066rll3A 4S 0 0 0 0 0 12
791:A GENi6215A 108 1543 832 391 0 0 0
792:A GLN860215A 48 0 a 0 0 0 0
793 :0 G£N860 215A IOC 0 0 0 0 2 202
794:A GEU6Z215A 4C 863 314 0 0 0 0
795:A POV8b02154 10B 3 0 7 6 1 0
796:A POV660215A 4B 0 0 0 0 0 0
797:A GEN8650U3A lOC 1 0 0 0 0 a
798:A CEN86SUG3A 4C 0 0 0 0 0 0
799:A HHGb65G53A IOC 5 0 3 3 1 0
800:A HHG665003A 4C 7 4 19 18 7 7
801:A HHGb650U3A 1OR 15 0 0 0 0 0
802:A HHG865003A 45 0 0 0 11 19 21
803:A POVo65003A IOC 0 3 2 0 0 0
9814:A POVt.65OO3A 4C 0 a 0 3 0 0
b3S:A POV665003A 108 0 0 0 0 0 0
806:A P0Vb6SUO3A 48 14 0 0 0 a 0" 837 : A SPCbO1OIA 108 0 0 1323 0 0 1984

SO8:A SPCua6UO0A 48 0 1323 0 0 0 0
0 d9:A GENb614U2A IOC 0 0 0 0 0 0
810:A GENi614 02A 4C 18 a 0 0 6
dll: SPCb61aU2A 108 0 0 a 0 a 263
812:A SPCL61402A 4B 0 100 61 0 0 0
dl3:4 SPCb6l4U2A 10C 0 3 0 8 0 0
814:A SPCb61%2A 4C 6 0 0 0 0 0l
815:A HHGbbbl4u2A 10C 0 0 0 0 0 U
816:A HHGob6l4U2A 4C 0 0 0 0 0 0
817:A PoVb65603A IOC 103 10 122 47 57 so
818:A POWb656U3A 4C 109 101 137 105 67 67
819:A P0Vab65633A 106 0 a 0 0 23 20
82G:A POV8656u3A 48 0 0 0 0 0 0

Figure J-4. Forecast Merge Routine Output
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821:A Gfhffl656U3 JOE 2 1a a82:4 E ,.GENb6563A 1 22 0 37 (
823:A GCNb656U3A IGB 0 a 0J C
82Z4:A GENb6S603A 4B 0 b 197 G u
825:A HHGb65603A ICC 0 0 0 0 U 0
826:A HH6b6563A 4C 0 3 0 a 0

% b27:A SPCb65603A 108 0 0 0 51 131
828:A SPCb656]3A 4B D a" 0 0 U
A29:A GENbOCI 29A JOB a 0 0 25 3 U
830:A Q 1a)o61 29A48 LO j G a 0 1 0l
831:A SPC601lZ9A lOB a a a 0 U U
832:. SPC,60129A LOB 2 7q a 0 a U
833:A P8Va60129A IOC 1 13 16 2 4
b34 A PVbLCIZ9A 4C 22 14 18 26 24
855:A CHLL604J2A 19]C 0 1l41 0 0 0 Q
836:A 0 A OC a 0 a 0 0 0
837:A PCyVb6L32A IOC 21 9 U 9
43e:i POVL60432A 4OC o , 9 .59 a. o
339:A PH0L604OJ2A IOC 0 0 0 3 0 0
6,0o: A HHbb6,(4 3 ?A C 0 10 0 0 '. 1
d I 41: CINb6r52A 108 a a 0 a u 0
d42:A GLt6uI 152A 4B a a 6 0 a 73
143: A SPl60 OB2A 108 72 , 2 0 Q G

45P 1 , 4B 91 493 0 l 0
845:A AMi i6031t"A 108 Z02 347 112 103 548 121
,IL t:A AM'b6C, 3 IVA 4B 101 27a 171 184 95 87
84 7 :A (N6O310A 108 57 198 ,L 0 78 50
348 : A EF4,60O 3 1CA LB 736 181 0 92 0 0
8149:A GLNb65229A lOC 198 158 042 66 31 177
850:A GE. t652-'9A 1 C 139 96 76 183 151 248
8:A SPC86jjj7A 108 0 a 106 92 25 a
2:A SPCb.b ?A 118 157 0 Ib 0 118 52
853:A GLN*6512"A 108 0 0 0 0 0
b5sq:A GE NbhSl. Z7A LO 0 0 U 0
655:A PUv865127A JOB 19 3 Is 9 6 2
AQ. :A POVb65127A4 B 11 1 4 30 3? 29 10
8 :A  POVU65127A inC 0 Gi 22 13 0 0
858:A POVb65127A 4C 9 15 0 0 0 0
859:A HHGb65127A lOB 5 6 i5 0 6 0
d6U:A HmGb 65127A 4B S a 31 0 3b 0
861:A POVhbaO.,0A lOB 36 56 144 35 20 12
d62:A POVtbbO UA B 44 19 51 53 30 LOS
863:A GEN66bJ302A lOB 10 7 0 0 a 0
864:A GLhb6C32A B 0 0 0 0 a
865:A SPCa627IA 10B 15 D a 0 a t
d6L:A SPCb62751A 4B 247 185 163 134 164 131
867:A GNo62751A 108 1 0 2 LO 40
668:A GEN662751A L0 O 2 13 0 0 5
d69:4 GE.kb27!IA bOC 0 0 0 23 0 0
870:A GENo62751A 4C 0 a 0 fl 10 C]
871:-A PuWb62751A lOB 10 4 3 21 L4 1
872:A POib62751A '18 10 34 23 19 21 19
873:A POV662751A 10C 0 0 0 0 0 0
'7%:A PQWr62751A 4C 0 9 a 0 0 0
875:A GLji.65227A lOC 0 U 0 a U 0
o7b:A GENb6S227A 4C 0 U 0 0 0 289
877:A GENb65227A 1OB 28 10 L 3 6 32
a78zA GV:;b65227A LB 11 3 5 5 22 4
879:A HHG665227A 10B 11 1 0 0 5 7
980:A 11HGb65227A 14B 0 4 0 25 1 16
b81: HhG436S227A lOC 0 0 1 35 2 6
882:A HHGo652270 LOC 0 0 71 0 21 0
a83:A PVb65227A 108 0 0 0 0 a 0
834:A POV665227A LO 0 0 3 0 3 3
685:A GLNbbS2ulA 108 0 8 0 33 6 0
88b6: GENb6521A LB b 0 0 0 U
887:A PUv6520A IOC 0 0 0 0 0 0
888:A PO b65201A C 0 13 0Ci
689:a POV 65201A loB 41 0ts
890:A POV b' 2U1A O 0 a 0 0 a 0
"91:A HHG4652dA IOC 51 42 7 0 12 0
892:A HHGub6,2"IA 4C 0 d 30 0
893:A G tiw63 1A oB 0 0 0

894:A C(N[6b325rA LB 0 G 5 0 0 21
895:A (LNdIb32b1A 1C 0 a a 0 0 0
896:A GEhti632t1lA LC 0 0 a 0 C1 U
897:A GLI8b32?51A 10 a 0 0
898:A .LNtb3251A LB a0 0 9 1 .
o99:A HHGbb32"IA InC 0 50 a 0 l3 Is
900:A HHGob3251A LOC t; 3 0 34 1 . 29
901:A POVU63251A Inc a 0 U 0 29 9
902:A POVb3251A LC U 0 0 20 1 8
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*9133:A GEN662728A 108 U U 0 a U 0
9US:A SPC86272RA lPB 26 7 35 23 49 529:16:A SPC z617 28A 48E 7 55 118 168 42 6b9(JI: A SP 4o627 ,-S A ICC 69 a 171 31 19 140
9038:A SPCc62728A 4OC 0 3 j 0 4U 0
909:A HHGk:627 28A ICC O , 0 s 13 a
910:A HHGb62728A 4C 0 a 0 32 0 0* 911:A ANUiU62728A 10C a 0 0 a a L
912:A A4Oo62728A 4 C 0 0 0 0 LO913:A GLNa632(,3A lOB 5 12 0 L U914:A GE(:,b632,3A 48 0 225 0 a U 0915:A HHG0632 )3A IOC U U 7 0 0 0
916:A HHu6632 3A 'C Ca 0 L 0 0 1917:A PUVb632U3A lOC 0 a 0 8 d 0
918:1, Pov6632u3A 4C 0 0 0 0 U
9 19:A G.No62

7
u2A 108 0 0 B 0 14920:A GENb627J2A 4B 0 0 0 a-,- 921:A POV8627U2A 108 0 0 0 76 a a- 922:&. PUVb62702A 48 0 3 0 0 0

_" 923:A HHG665132A 108 a 0 a 0 a 0. 92%:A HHGdbSI32A '4B 10 0 41 0 0 0925:.A IHGb6293A 10C 0 a 0 8 1 0
926:A HHG.j6293 j3A4 4 0 0 0 0
927:A HHSLb29,3A 108 0 0 0 0 0 a- ,.928:A HHGb629U3A 4B 0 0 0 0 0 0
929:A G(Nb629U3A 108 63 32 2 a G, 0
930*:5 GINb62903A 4B 0 0 0 0 a 1)931:A GLN6629L3A lOC 2 0 1 12 0 0
932:A GENb629u3A 4C a 0 20' 0 0L 1933:A HHGb6333A 106 0 2 0 0 201 11934:A HHGb60333A 46 a 39 55 0 0 0
93S:A GENb60333A 10C 5 U 0 0 0 0
93t,: A GEt,60333A 4C 0 0 0 0 0 0937:A GENb60333A 108 a 6 a 10 6
936:A CENr.6C3S3A 48 7 6 16 1
939:A GLNb61717A 108 0 0 U 0 0
914 0: A G[Nba6I7I7A 48 0 a0 0 0 a94 1 : A NHGN61717A 10 0a
94 :A HHG61717 0 0
913:A POVbb5252A lOB 0 0 0 0 09144:A PGyo65252A 4H 0 a 0 O 0
945:A GEN860252A 108 0 0 0 0 0 0
946:A GENa66252A 48 0 0 0 0 0 0947:A GCN NOSA IO 0 a 0
9198:A GE-Nb6UlUSA NM 0 a 0 79 0 0
949:A POVb61917A lOC 0 14 0 9 is 0
950:A POVb61917A 4C 19 12 0 10 0 13
951:A POVb65104sA 108 O 0 0 0 a a952:A P0WuV651 4A 48 0 3 17 0
953:A HHGb651O04A 108 88 14 0 0 299514: HHG86SI3 '5 '46 0 a 17 0 0 0955:A HHG6510 4A 10C 80 68 2 0 0 0
956:5 HHGb6514 l4A4C 0 0 a 0 a957:5 GErS602 32A 106 0 11 0 0 0 0
958 : A GL,4602 32A 48 0 a 0 0 0 0
959:A G[ Ns6l7l9A 10B 0 0 0 0 26 0960:A Gt NW1719A '4 0 0 a 0 a 0961:.A POVo61719A OC 0 a962:A POV8b6?19A 4C 0 0 a 8 0
963:A HHCd,52j'4A 1OC 19 1 12 27 15 39b14:A HH(,u62U4A 4C 10 14 4 15 15 10
965:A POV865204A 1OC 0 0 0 0 l 3
966:A P9b652U'4A 4C 11 30 0 1967:5 G.NE62729A 10B 1'. 8 17 14 1 11
968:A E[J662729A 48 9 20 12 12 16 30
969:5 PoVo627295 10B 26 3 5 0 0 097O:. PCVd62729A 46 0 a 0 0 0 11971:A POW6601'44A 108 0 U a 0 0 0972:A POVU6144A 48 0 a 32 0 U 0973:A GEN,60144A 106 0 59 0 11#4 0 105
974:A C('4.601' 4A 4b 0 3 1U S 1 7976:A CL ,*a632S2A 10b 0 0 0 0 0 0
976 :5 A rGE46632 ,2A 48 43 a 0 0 Z) U977:A GE(bb5 I 5(:A 1OC a 24 0 0 0 0
978:A GP6651 hlA 4C 0 a 0 0 ci 0979:A HHGb6515nA 100 14 0 a 0 a 0
980:A HHGs651LAIA 46 0 U 0 0 0 54981:A sL,,.659UIA 10B 0 0 a 0 0 0992:A GENb6SjO1A '8 0 8 0 0 U U
983:A HHG61' 13A IrC 0 0 0 0 0 12
984:A HHG61'413A "C 25 , 0 0 U 0
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985:A P~v662927 A 10b 0 U 16 0 0j 0
986: A P0V662927A 4 B 0 a a 0 Ul 9
987:A P0V662 927A 10C 16 U U 24 a 6
988 :A PO~o62 927A 4C1 0 a 38 9 34 1s
989:A HHGb629Z7A 108 a 2 0 2 U
990:A HH6662927A 4lB 0 3 5 6 Q0 (
991 :A HIGJ6o927A lOC a U 0 14 2 U
992:A H4(6b6 927A 4C 0 a a 14
993 A tUN(62:117A inC 45 2 1 36b 0 91
99 4:A Ulljob,217A 'aC 0 36 l 143 0 U
995:A GEtlo66'U I 7A 106B 47 b 0 0 a 0
996:A CENo6 I 711A 48 U a J a 0
997:A Povb620l17A 10C 0 1 0 0 4a
998:A POVta62017A 4C 0 2 1 'a a 0
999:A GENo62752A ICB 4 2 1 0 0 L
hO:A GEW6c62752A 48 0 a L 0 1 0
lu;Dl: A HH0662752A 108 0 U 0 a U U
10,)2: A HHGkb?752A 48 a a a a 41 1
1033:A G1Nb62732A 108 a a a a 0 0
IUU4:A GEN6j 73'A 48 0 a 0 2 a 2
1 V05 :A 0LNb6273 A 10C U a0
IL)6: A tiLtbb2732A 4aC A aa0 a
liia7:A POV662732A 108 a a a a s
1038:t. P0Y662732A 48 a a 11 a a
1009:A SF?4b6 19 19A IOM 5 6 3 7 2 2
1010:A CENb61919A 4aN 6 2 2 3 7 6
1011:A HHG665U27A 10C a U a a al 0
1012:A HHGLSSU27A 4C a 0 a 21 a a
1U13:A G.LNb65027A 108 0 a a 0 0 a
1014a:A GENb6SII27A 4B 0 0 a a a ai
1015:A GEN665027A 10C 1 a A
1016:A GEN665327A 4C a a j 0
1U17:0 ~ENb601'a9A 108 5 0 a 0 0 a
1018:A PIENL60149A 46 0 0 3 C G 0
1019:A GEt~b66149A 10C a a 30 17 a 0
102 a : GENbi601'9A 4 C a a a 0 U G
Ij21:A POV660149A 106 a 0 a a a a
1022:A POV6H49A 48 0 a a 9 11 0
'023:A GENb6182A lOC a a 0 2 0 81
f02.~A GEN661BL2A 4C 27 0 0 a 0 269
1025:-A P0b618L2A lOC 0 a 0 a a 0
10Z6:A POVb61SI32A 4aC 0 01 2 a a a
102 7 :A GEN8l61313A 108 1'. a 0 0 a a
lu28:A GEN861313A 46 a a a a a 0
lj29:A PO0VS61920A 10C a 21 a 0 0 a
1030:A PvVb6920A 4aC 19 a a a 0 11
Ia : APV6514A Ias a a 32 a a 0

0 A POVb6S614A 46 a 11 0 25 a a
1033:A PaVb62951A 108 9 16 16 10 12 13
1034*:A P0Vb62951A 48 8 14 20 21 12 19
IU35:A HH466 91J A 10 C 7 0 a 2 0I 06: AHHGb 9U1A 8F 0 0 0 a 0
1a37:A HHGd629t-IA 10 8 a 1 a a
1038.A HHGb62901A 4Bs a a 0 0 1
IU39:A P0W86014aSA 108 a 3 2 0 9
1 U% 0: A Povb6014SA 48 1 4
bU'a1:A GENb63201A 108 3 a a a 199
b0'a2:A CLNb63201A 48 0 a 0 a a a
14'3:A GEN624aA 105 0 0 U 6 0 a
IG4a':A GEN660244A 48 a a a a
la'a5:A PO~624aA 108 0 2 0 2 a a
104a6:A POV66024aA 46 a a a 8 3 4
1U47:A GEN660122A 108 0 a 0 a a 13

N. U48:A GEN66C122A 48 0 41 a 0 0 0
1U49:A POW66CI22A 10B 'a 0 0 1 1 5

*1050:A POW660122A 48 2 10 2 0 4 3
1051:A HHGb6OI16A IOC 0 a 59 23 U 19
1U52:A HHbb6CI16A 4C 0 0 68 10 0 5
IU53:A P0V660116A lOC a U C 0 19 0
1054a:A P0Vo60116A 'aC 0 12 34 10 22 U
1055:A GENb60116A 10E a 0 3 0 1 U
1;356:A GEN66CI16A 4C a a a a a I
1057:A POVt61714A 108 0 a 0 0 U 11
1058:A POVc61714A 46 39 0 a 15 0 71
1059:A GLNb65202A 108 0 0 a a j ai
1060:A 6L 1466! u 2A 46 a U U 0 j U
LAI : A POVt.65117A InC a a C, a a a
IU62 :A P0~b65117A 4C 0 2D 51 le 3
1063:A PO~b6Gl3r'A 10C a a a a a a
G 64: A POVtG6013lA 4C 0 9 a 0 j a
OLS:A POV660429A I108 9 4 0 0 U C
lUb:A POV6604.29A 48B U a U 2 13 7
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(page 13 of 14 pages)
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Figure J-4. Forecast Merge Routine Output
(page 14 of 14 pages)
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APPENDIX K

METHODOLOGY TRANSFER

K-i. GENERAL. All of the programs and data used during the implementation
phase of this study were written to an ANSI tape and delivered to MTMC.
Additionally, either complete or partial printouts corresponding to the
tape files were delivered.

K-2. TAPE CONTENTS. The tape delivered to MTMC contained 12 files. Five
of the files were program files containing FORTRAN symbolics, executable
programs, and some data elements. The remaining seven files were strictly
data files. All of the files were separated by end-of-file marks. A brief
description of the contents of each tape file appears in Table K-i.

K-i

............,..
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Table K-1. Tape Contents

File I File I Type of I
number name file Description

1 G4TWFI Program Data screening, reduction;
Winters model, forecasts;
routines to merge Winters,
Box-Jenkins results

2 START*G4TWFIRUNS Program Runstream for G4TWFI

3 G49186 Data Copy of original raw data set
supplied by MTMC to CAA for
study

4 G4TWFIDAT1 Data Raw data base after first
level of sorting (described in
Appendix D)

5 G4TWFIDAT2 Data Raw data base after second
level of sorting (described in
Appendix D)

6 G4TWFIDAT3 Data Raw data base after third and
final level of sorting
(described in Appendix D)

7 G4TWFIMAN Data Contains manual or stipulated
forecasts

8 G4TWFIWINDAT Data Contains Winters forecasts

9 N7BJ Program Contains Box-Jenkins runs for
model identification and forecast
production

10 N7SHORT Program Contains partial output from
N7BJ runs, including forecasts

11 N7MTMK Program Contains full output from N7BJ
runs

12 G4MERGDATA Data Contains final merged output
from all sources (562 forecasts)
(see Appendix J)

K-2
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APPENDIX

SPONSOR'S COMMENTS

STUDY CRITIQUE

(This document may be modified to add more space for responses to
questions.)

1. Were there any editorial comments? No If so, please list on a
separate page and attach to the critique sheet.

*: 2. Was the work accomplished in a timely manner? If not,
please comment.

*I  3. Does the work report address adequately the issues planned for the
analysis? Y If not, please comment.

4. Were appropriate analysis techniques used? S If not,
please comment.

5. Are the findings fully supported by good analysis based on sound

assumptions? Y If not, please explain.

6. Does the report contain the preferred level of detail of the
analysis? ITl If not, please comment.

4 k-1

.4- - .* % .S*** -. *

* . . . . . . . *S %S**-**
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STUDY CRITIQUE (continued)

7. Is the written material fully satisfactory in terms of clarity of
presentation, completeness, and style? Ys If not, please

--""  comment.

8. Are all figures and tables clear and helpful to the reader? .)E
If not, please conent.

9. Does the report satisfy fully the expectations that were present when
the work was directed? C If not, please explain how not.

10. Will the findings in this report be helpful to the organization which
directed that the work be done? yc-c If so, please indicate how, and
if not, please explain why not. - s u_. c- , riA s -,c o e .

N'"t -,S HI(HL 75 l Y u ocTO COQ.ITL rJ' PNS) S .PC -.- Q R --

-n-k Q iJTe'1 A 1ZLyr~ Pciet-. s:Mt r ( OF~ 0~ C- 'T-1%TiCt P)/A1M7-.T1IlAPJ.

11. Judged overall, how do you rate the study? (circle one)

Poor Fair Average Good

2
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GLOSSARY

1. ABBREVIATIONS, ACRONYMS, AND SHORT TERMS

ACF autocorrelation function

AR autoregressive (model)
Army regulation

ARIMA autoregressive integrated moving average (model)

ARMA autoregressive moving average (model)

B-J Box-Jenkins forecast method

BMDP Biomedical Computer Programs, P Series

CAA US Army Concepts Analysis Agency

CONEX CONEX container

DTS Defense Transportation System

EEA essential element(s) of analysis

FY fiscal year

HQDA Headquarters, Department of the Army

HHG household goods

JCS Joint Chiefs of Staff

MA moving average (model)

MAC Military Airlift Command

MILVAN military container used in transportation

MSC Military Sealift Command

MSE mean square error

MTMC Military Traffic Management Command

MTON measurement ton(s)

ODCSLOG Office of the Deputy Chief of Staff for Logistics

PACF partial autocorrelation function

Glossary-1
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POD port of debarkation

POE port of embarkation

POV privately owned vehicle

RCM route-commodity-mode

RMS root mean square

TWF transportation workload forecasting

TWFS Transportation Workload Forecasting Study

W Winters

W&M Wheelwright and Makridakis

2. MODELS, ROUTINES, AND SIMULATIONS

Box-Jenkins A flexible class of linear statistical models that are
used to fit stochastic time series data and produce
forecasts.

Winters A seasonal, heuristic, three-parameter exponential
smoothing method that iteratively determines the sum
of squares of residuals over the data interval.

Glossary-2"V.
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" TRANSPORTATION WORKLOAD FORECASTING STUDY

CAA STUDY - IMPLEMENTATION SUMMARY
So "(TWFS-I) CAA-SR-85-11

THE REASONS FOR PERFORMING THIS STUDY were:

(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods.

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize
either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in implementing
a forecast system using the Winters and the Box-Jenkins methods of fore-
casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).



THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo
requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to

produce the FY 87 forecast.

THE BASIC APPROACHES were:

(1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts
using the root mean square error criterion, and retain the route forecast
which had the smaller discrepancies between observed values and those
predicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks.

THE STUDY SPONSOR was the Commander, Military Traffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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TRANSPORTATION WORKLOAD FORECASTING STUDY

'CA ~STUDY - IMPLEMENTATION SUMMARY
. (TWFS-I) CAA-SR-85-11

THE REASONS FOR PERFORMING THIS STUDY were:

(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.

0'
THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods.

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize
either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

" . THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in imp]ementing
a forecast system using the Winters and the Box-Jenkins methods of fore-
casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).
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THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo
requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to

produce the FY 87 forecast.

THE BASIC APPROACHES were:

(1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts
using the root mean square error criterion, and retain the route forecast
which had the smaller discrepancies between observed values and those
predicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks.

THE STUDY SPONSOR was the Commander, Military Traffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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CAA STUDY - IMPLEMENTATION SUMMARY
(TWFS-I) CAA-SR-85-11

THE REASONS FOR PERFORMING THIS STUDY were:

(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods.

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize
either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in implementing
a forecast system using the Winters and the Box-Jenkins methods of fore-
casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).
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THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo
requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to

produce the FY 87 forecast.

THE BASIC APPROACHES were:

;-.- (1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts
using the root mean square error criterion, and retain the route forecast

-.which had the smaller discrepancies between observed values and those
• ipredicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks,

THE STUDY SPONSOR was the Commander, Military Traffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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SCAA o  STUDY - IMPLEMENTATION SUMMARY

° (TWFS-I) CAA-SR-85-11

THE REASONS FOR PERFORMING THIS STUDY were:

(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.--

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods.

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize
either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in implementing
a forecast system using the Winters and the Box-Jenkins methods of fore-
casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).
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THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo

" requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to
produce the FY 87 forecast.

THE BASIC APPROACHES were:

(1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts
using the root mean square error criterion, and retain the route forecast
which had the smaller discrepancies between observed values and those

• predicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks.

THE STUDY SPONSOR was the Commander, Military Traffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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CAA STUDY - IMPLEMENTATION SUMMARY

%111 STA (TWFS-I) ZAA-SR-85-11

THE REASONS FOR PERFORMING THIS STUDY were:

(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.

S

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods.

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

* THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize

4 either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in implementing
a forecast system using the Winters and the Box-Jenkins methods of fore-
casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).
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THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo
requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to

produce the FY 87 forecast.

THE BASIC APPROACHES were:

(1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts
using the root mean square error criterion, and retain the route forecast
which had the smaller discrepancies between observed values and those
predicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks.

THE STUDY SPONSOR was the Commander, Military Tra.ffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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4" TRANSPORTATION WORKLOAD FORECASTING STUDY

CAA STUDY - IMPLEMENTATION SUMMARY

o . " (TW FS-I) CAA-SR-85- 1

THE REASONS FOR PERFORMING THIS STUDY were:

(1) To develop a fiscal year (FY) 86 surface cargo forecast requested
by the Military Traffic Management Command (MTMC). Transportation workload
forecasts are statements of worldwide peacetime cargo lift requirements
which are provided to the Military Sealift Command (MSC) and Military Airlift
Command (MAC) by the shipper services. They state requirements in measure-
ment tons by route, commodity, and program.

(2) To assist MTMC in the establishment of an operational forecasting
capability using a combination of Box-Jenkins and Winters forecasting
methods.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The Winters and Box-Jenkins forecasting methods were obtained by
MTMC and their personnel trained in the logic and use of the forecasting
methods.

(2) The FY 86 long-range surface forecast was produced and delivered to
MTMC on 25 March 1985. A forecasting methodology consisting of computer
programs and a data benchmark to test the programs was provided to MTMC on
7 June 1985.

(3) Postproduction analysis which utilized backcasting techniques was
used to gauge the accuracy of the FY 86 forecast. The root mean square
error (based on differences between observations and values predicted from
the model) was the initial decision criterion for selecting the "better"
forecasts from the two alternate methods.

THE MAIN ASSUMPTION was that the transportation workload forecasting require-
ments contained in Joint Chiefs of Staff (JCS) Publication 15 would remain
unchanged.

THE PRINCIPAL LIMITATION to the forecasting method was that certain route-
mode-commodity groups have insufficient shipping frequencies to utilize

.* either the Box-Jenkins or the Winters forecasting methods to obtain usable
forecasts.

THE SCOPE OF THE STUDY was to develop and provide an FY 86 long-range, over-
ocean surface Army cargo forecast to MTMC and to assist MTMC in implementing
a forecast system using the Winters and the Box-Jenkins methods of fore-

*g casting recommended by the US Army Concepts Analysis Agency (CAA) in the
Transportation Workload Forecasting Study (TWFS).
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THE STUDY OBJECTIVES were:

(1) Produce forecasts of 75 percent of the FY 86 ocean cargo require-
ments using the Box-Jenkins method and 98 percent of the FY 86 ocean cargo
requirements using the Winters method.

(2) Assist MTMC to establish a forecasting system to enable them to
produce the FY 87 forecast.

THE BASIC APPROACHES were:

(1) To obtain and evaluate cargo-lift data from FY 78 to FY 84 in order
to determine which route-commodity-mode combinations occurred frequently
enough to provide sufficient data points of monthly tonnages to make valid
forecasts of future cargo requirements.

(2) To forecast cargo requirements on the retained routes using both
Box-Jenkins and Winters forecasting methods, compare the two forecasts
using the root mean square error criterion, and retain the route forecast
which had the smaller discrepancies between observed values and those
predicted from the model.

(3) To conduct postproduction analysis using backcasting methods which
derived a FY 84 forecast for comparison with actual FY 84 movement data.

(4) To provide the forecasts, and the software which produced them, to
MTMC to enable MTMC to reproduce the FY 86 forecasts and to use the same
methods in future forecasting tasks.

THE STUDY SPONSOR was the Commander, Military Traffic Management Command.

THE STUDY EFFORT was directed by LTC James Keenan; and later, Mr. Harold D.
Frear, Force Systems Directorate.

COMMENTS AND QUESTIONS may be addressed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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