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ABSTRACT

Comprehensive étudy of Provincial Commodity Transportation

A. S Narasimha Murthy, Ph.D.
Concordia University, 1987

"
a \

—

This thesis makes an attempt to develop an objective, comprehensive and

statistically credible method in the development of provincial commodity distribution

and modal split models. The first stage of the thesis d;:als with the commodity

distribution models based on the commodity flow survey data. -The commadity
classifications are grouped into manageable commodity categories. A set of
Origin-Degﬁf}ation (O-D) tables, and an_optimizcd grivity model for each
| commodity category is developed. The optimized gravity model f;r each commodity
category has a unique spatial scparanon factor. This factor is determined by using a
power funcuon andlcast square mcthods The impedance or frxctwn ‘factor is
based on trip dlstancq between origin and destinations }ak]ng into accouﬁi

commodity category. The results of the calibration are tésted using standard

statistical tests.such as cdcfficicnt of dcterrningtion, coefficient of 'corrclatior{, and -

‘using commodity haul frequency diagram. The results are compared with previous
calibration efforts of this nature. The results of this’ modeling show that the
. developed models are acceptable, The calibrétion of the model—s'—.using the
" optimization .technique has potential for further applications in 'commodity‘

e

transportation planning.

] The s€cond stage of this | thcsxs dcals wnth modal splxt analysm and modcling
“ across thcprovwcc First efforts are madc to rccognize’ the pattern of commodxty
mvements * across Alberta. Then the modal split models are constructed usmg

-
- . . [}

-

— ~.
. .

“Q,
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N U . ot

~log-lineay Mmodcls. The main factors used in modal split analysis and .
N ' . ; .
. modeling are the type of commodity, average shipment size, total s}npmcnt size,
- type of load (full load or less than full load), type of. hu'e (private or for-hxre),
.
-~ of control (yes or no) and, dxstance (kﬂometérs) between origin and destmanon

. . —

[}

Under r modal split modelmg, log-lmear models are constructed in order to

uncover assocxahons among the, vanables and to choose a suitable unsaturated model
'to build logit models. A secondary analys1s is carried out by constructing a suitable
Togit model to obtain the table of log-odds. A logit model is constructed so as to
undcrstand the effect of various factors.on a des:gnated response vanable In the

| analysm, the desngnated response vanable is the mode of transport. The method
suggested is a useful tool in analysing the commodity data required in-commodity

-

transportation planning.

the final stage of the thesis, a discussion on the practlcal applications of
the developed distribution and modal split models is given. The proposed
commodlty dlstnbutlon and modal split methodology has 1mp11catlons for

improving commodxty transponatlon planmng across the province.

o

N




. s - o . : a N T O T p——
. - — — M . . .o -
v . . ' Lo~ ) , ~, -0‘ R Lt
. . . ., . L.
- — »” ' .«
f, -, s , L &
. L) .
- . L4 -
' W ’ ' - . f
. . .
- ’ . . * o - .
4 ’ . R - s
N .
. . . ‘
) «, . .
pe o 1 - , vy w o ? . Lo
) . - . . .
. - - “ . . .
‘, .
. * 1
. - L. ool
\ , .
'
- .
- RN
e - - N -
* ‘ '
. .
- [ .
-
Pl ’ . -
‘ . . . N .
- . o ’
-
. a . .
’
. . "
.
. . . . . N
— .
o
.
’ - 5
. Lo ——
. To My Family
- ..
. )
' Especially to my MOTHER and Late FATHER -
- - R .
.
N QI |l /1
X .
. . P
. .
. . .
4 . . .
' -
R . R
.
» . ° -
\\ .
5 1
q" n 1 . v
.
. )
. .
,
. P
R I . .
. ; e A
——
. '
- . .
a .’ +
f
f .»’b, t v
2 - . :
L - N ) Y c 4
. - <
] T > +
: ) ) * -
- ., “
. ’ ,
¥ . .
. ,
hY
R .
. * -
. - ‘ -
: : . ¢
~ - ] . 0
, . -
» - " b ; .
. . “ N
- i - .
) . . - R P
- t
n~ 0 N , o, :
' .«
' < N ‘ .
3 * - A}
- ~ 4 -
. . .
. - -
" M . A ‘<"
°. . ’ >t ‘ ;
’ \ * o
C N Lo
. L ‘,‘ ~ 4 »
: ‘ - ., © ‘L . .
. oo
- AY . t - 5. E
. ) . . : A . N ., r.,‘.,‘;“
. - . , , T _‘;.,}J:




‘rescarch pro_lect. o Co- .

'{ ACKNOWLEDGEMENTS

I wish to express my gratitude and‘deep appreciation to pr.B.Ashtakala

for s;xpcrvising and guiding me through all stages of this thesis. Iam indebted to

him for providiné financial assistance for my dodtroral studies at Concordia'

_ Umvcrsxty, through his Natural Sc1cnce and Engmecrmg Rcscarch Council of .

Canada (NSERC) opcratmg grants

”~ 5 -

—lam thankful to the Chanman DrMM. Douglass and other thcsm review

. commiittee: mcmbcrs I thank Mrs. Anne Barkma.n computcr analyst for her interest
, 'and assistance. This thesis could not have bccn complctcd w1thout thc help of

| computer, facxhtlcs provided by the "Faculty of Engmeenng and Computer

/Sc1cncc Also, I am thankful to the library scmccs at Concordia Umvers1ty, special

. thanks to Ms.Gail ickcr, Borrowmg Assistant at Intcr Loan Library for hey efforts
" s to find books and research materials for this study. # 0

.
. ' - o
’ @
+ ' L] . -

A
I extend'my thanks to the Govcmmcnt of Alberta Transportation Department-for -

' allowmgthe use of its' "' Alberta Commodlty Transport Survey; 1977" data for this

- -

a

Finally, 1 wouhi like to convey my grcat appreciation and, love to my

) ‘famﬂy mcmbe:s to whom this th¢sxs is dedxcatcd I thank my wife for proof reading

$ ; -

the ,manuscnpts.



|
M - -

~ . TitlePage . ; T i

~ Signature Page ' S o A
- . ‘,A_\cimowledgemnts - - oW
‘ Tabié:oi' Co-“ntents .( . | - ' . | vii
Li;tofl"‘igurap . R o S x |
ListofTables . _ . 7 xii

List of Symbols ., - - ’ | $ xv
. LL COMMODITY TRANSPORTATION A GENERAL FRAMEWORK t

_ ' 12.0BJECTIVES AND SCOPE OF srun&
1,2.1. Introducnon )
l.2.2.0bjcctivcs ) Lo ¥

B TR - AW ~ W B

.~ 123, Scope of Study
1 ORGANIZATION- S f:

- . CHAPTER2: mmwﬂmmmmmmmmmm
" 2.1.INTRODUCTION , -0

' 22.COMMODITY DISTRIBUTION MODELS - = — - 11

T . . 23MODALSPLIT MODELS | d B

s



CHAPTER 3: DATA BASE ,

' 31.BACKGROUND ‘
32.COMMODITY FLOW SURVEY * | -
EPN 321 Introduction |

(\% - . 3.2 Communities Selection .
- L 3.2.3. Consignee or Shipper Interviews
| B 2 2 4. Classlficatxon of Commodmes
- CHAmM mmpm_mmmnm_mm
y " 41.INTRODUCTION ‘ S
42,00 COMMODITY FLOW TABLES
& umovf ngMULATION
| , (u OBJECTIVE FUNCTION
"% ¢ ' 45MODEL CALIBRATION o
LA 46, EXAMPLE
‘ 47.EXPONENT VARIATION AND MODELRESULTS
N 4.8,SUMMARY AND CONCLUSIONS ‘

4.8.1. Summary
% ‘4.8.2. ﬁonclusions .
GHAPTER 5 : MODAL SPLIT ANALYSIS AND MODELS
© 5. INTRODUCTION | |

“‘/\‘/ ~ 52.COMMODITY MOVEMENTS ACROSS ALBERTA. -

5.2.1. Ahalysis of Commodity Flow
¢« S 2 2. Average Shipment Sizq agd Commodlty Type
- ‘_ ' " 523.Full Load and Less Than Full Load
| 5.24, anate and For-Hire ‘
 5.2.5. Sclecfion of Mode by Control -

- 28

29
30
32

" 34

36
36
39
43

49
53

58
58

.63,
65

67

" 68



@

53.LOG - LINEAR AND LOGIT- MODELS

5.3.1. Contingency Tables ' . 69

5.3.2. Log-likelihood Ratio ‘ T 0n

SO 5.3.3.LogitModel *+ -« ' Ty T
5.3.4. Example .76

5.4. ANALYSIS OF MODE SELECTION . v g

5.5. SUMMARY AND CONCLUKIONS | .,
55.1. :Summary | 87

5.5.2. Conclusions _ ‘ . 88

CHAPTER6: AEBIJCAIIQNS_QLDEMBED.MQDELS
6.I. INTRODUCTION . r 91

62. APPLICATION OF DEVELOPED MODELS B 96

71 SUMMARY AND CONCLUSIONS | | A
72 RECOMMENDATIONS FOR FUTURE RESEARCH ;}' 107
- ’ - | .
REFERENCES , K _ 108
FIGURES . - | 112
TABLES ' - - 135

-

APPENDIXI Codmglnstmcﬁms,and Sample Survey Data Format. 175 .

]

APPENDIX m: Instruetlms and Lixing ofOomputeergl? : 182

\

<

=



~ Fig. No.

10
11
12

13

14

15

16

17

- Commodity Transportation Systcni;

" — LISTHF FIGURES
Particulars

e

Stages in Transport Model Development

Commodity Movements and Classifications;

Discriminant Function Method ‘

Log1t Model

Probit Model

Map of Albcrta;

‘Sample Survey Form;

Spatial Separation Factor; | o T

R2.Vs A (Food Stuffs);

Commodity Haul Frcqucncy Diagram (Food Stuffs);

RZ Vs A (leght),

r

Commodlty Haul Frequency D1agram (Frelght)

R2 Vs 7\. (Forest);
Eommodity Haul Frequéncy Diagram (Forest);

' R2 Vs A (Petroleum);

Commo&ity Haul Frequency Diagram (Petroleum);

" R2 Vs A (Bulk Liq. and Dry);

Commiodity Haul Frequency Diagram (Bulk Liq. and Dfy);

RZ Vs A for (Heavy Mach.); | .

Page

M2

113
114
115
116

116

117
118 -
119

120
121

122 .

123

124
125

126
127

. 128

129

130



-

18- Commodity Haul Frequency Diagram (Heavy Mach.);
19’ Plotted Logits for [CL[CM](HM] Model; and =
‘@ ——

- 20 Example of Distribution and Modal Split for Food Stuffs.

P

-
- _ -
a [
L4
- " —
. -
. ] -7 L -
. « .
- R . .
Q
¢ s -
il L]
s
2 -
I
- - -
-~ \
!
. -
~ -
~ * .
'
~ -
~
u -
o - -
-

t»

1S
131 "
\‘ F ad
- '
132 .
133 !
1
[ ]
-
[~}
‘A
N
.
“ 4




Table No; _ - Particulars

& woN

5
6

7

8

14
10

11
12

13

14
15

16

17

Study Community CE;rwwﬁsﬁcs; //

Major and Minor Commodity Classifications;
Commodity Categories; . )

Distribution o{ Commodities by‘\Avcrage Shipment Size
and Modes; . ; _‘ f .
Obscrvec! O-D M‘alrix for Food Stuffs;

‘Obsegvéd O-D ,Matrix for Freight;

Observed O:D Matrix for Forest;

Observed O-D Matrix for Petroleum? \

Observed O-D Matrix for Bulk Liq. and Dry; e
Observed O-D Matrix for an\;y Wch.; ~
Distance Matrix - I; |
Distancc};datrix -1I;

A, R2, and\r Values for Food Stuffs;

l‘, R2, &nd r Values for Comniodity Cateéories;
Optimized Gravity Models; J
Modal Share by Average Shipment Size and Commodity
Classificgsions; 2

Distribution of Commodities by Mo,des_;n;l Loads;

. A
< } o *

Page
134

135
136

137

138

139

140 -

141
142
143
144
148

146

147

148

149

150

Yo s



e
&

Distribution of Commédities by 'Avcragc.Shipmcnt Size,

18
Modes, and Loads; - e 151
19 Distribution by Average Shipment Size, Commodity
‘ Classiﬁcations, and Loads; - 152
20 Distﬁbut;;l\bf Commodities by Commodity Classifications, | |
Modes, and, Hire; - | 154
21 Distributio“'g of Commodities by Modes, Loads and , Hire; 154
22 Mode Selectiofi by Control; L 1s4
23 ContingcpchahlcC X2; . | .- 155
24 Mode Preference [LM][HM] Model; ' 155
25 Degrees of Freedom and Computed G2 [LMI[HM]Mgfel; 156
26 Estimated Effects and Logistics for [MI[HM] Model; 157
27 Standardized Residuals for (LMI[HM] Model; T
28 SelectedModels; - , 158
20 Mode preference [LCI[CMIILM] Model; . S s
30 Degrees of Freedom and Computed G2 [LCICMILMIModel; 159
31 Esumated Effects and Logistics for LCICMIILM] Modpl T
32 Standardized Residuals for [LCJEMI[LM] Model; 160
33 Mode Preference [SLISMIILM] Model; S 161
34° Degrees of Freedom and Computchz [SLISMILM] Model; 162
35 Estimated Effects and Logistics for [SL)[SMJ[LMJ Model; . 163
36 Mode Preference by Average Shipment Size and Load; 164"
" 37 Standardized Resadualsfor [SLISMIILM] Modcl . 7165 -
38 Mode Preference {KL”Hm]m Model; g 166
39 Degrees omeedomgndeputedGz [KL][KM][LM] Modcl 167



-

40 Estimated Effects and Logistics for [KLJIKM][LM] Model;

41 Mode Preference by Commodlty classifications and Load;
42 Sundardized Residuals for [KL)[KMJ[LM] Mode;
43 Degrees of Freedom and Computed G2 [DK][KM][DM] Mode;

44 Estimated Effects and Logistics for [DK](KM)[DM] Model;
T, ,
45 Mode Preference by Commodity category and distance;

46 Standardized Residbals for [DK][KM][DM] Model;and

47 Example of Distribution and Modal Split for Food Stuffs.

5 \
rf\ .

168 .

169
170
171
172
173

173

174

Lo
v



- . “xv
.' ., = D
LIST OF SYMBOLS
’ Symbol- Particulars 0
| Al , = 'Gravity model ccmstant, -
' | C Q = Contrpl type (ycs or no); )
,/"\ ) _ _ Cj o= Consmhpti'én (tons) at dcs{:inations (sinksgtons;
| : Cj*' = Cons‘;xmpﬁon vahicf.at the cnd o,i".?t‘eratibg_&
B CFT = . ' Commodity Flow Table; - Y
CHFD = Comn?odlty Haul Frequency Diagram;" '
) dy- o o= ' sttancc between ongm and dcstmanons, km;
i?ij . =" Obscrved mtzrchanges,tons (ongm & dcs;maﬁons) )
. R - Fulload; - . T . - '
. L = Load | type (full load,orlcss than full load); 4 ? s
) ‘H = Hu*ctypc (pnvatc otfor-hu'e),
\ K -—-‘,‘" ! 'Specxfie;i range (d1stnbution m&el), .
' K = Commodity clnsslficauons (logit model);
- akm._' = Kﬂomcgcrs, e B
. -2,‘”., "= - Opﬁmﬁ}rlcqndiﬁph @istribpﬁo_ﬁ modcl), ' -
G2 = Liclodriosmtiie; " A
LTRL = Less than foll load;
M e Least Square Method N
o m = Commadity category (gravity models); o
| Ry - . Fittedo¢ll counts (expected); _




(08 » R
P; o
Pij' =
T =
RZ __ =
RDC =
S =
Tij , =
W - =
xij =
Xps' =
Z =
o I=
A =
u =
‘3 .
e =
(o o] =
e =

s

4

Origin and Destinations; - .

L

Productions (tons) at origin (source), tons;

i‘rpporgion (%); - ,
Correlation coefficient;
Coefficient of Determination;
Regional Distribution Centre;
Avcr‘g'ge shipmenf size;
Modcl'intcrchqngcé in tons; :

Coristant (logit model); -

. observed cell counts;

. Total observations; -

Arbitrary funcﬁon;
Level of significance; N

Power parameter;

-

il

K, terms (log-linear model);

-Summation; .

' -
*Chi Square;

Infinity; and

“
.

Odds Ratio.



-
. - .
'
n * N
-
.
»
—— .
.
- —
s
:
- . .
- .
-
= -
— -
v
. .
.
-
' . ., .
.
.
.
’ . s
o~ . e
r
f
<«
. - ., «
0 R
-~ \
A . N
. .
‘
,
N
L - -
i
N
: PR N
X . I
h .




;
. . o / CHAPTER 1

INTRODUCTION .

* 1.1.COMMODITY TRANSPORTATION: A GENERAL FRAME WORK

i
&

Commodity transportation represents an unponant sector thhm any regional
or nauonaf economy A transport modcl ‘which forecasts the. rcglon to region
gommodxty ﬂow pattern given the rcgnonal lechS"df'p‘roductxon and consumption is
very 1mportant for Jong range planning and in improving transportahon cffic:cncy.t

‘;I;hc transportation network at any given place has implications for both private and
. public agencies. Tl;c cost at which a ﬁroduct is available to the consumer may very
\wcll depend on the existing transportation network, The knowledgé of commodity

-4
) ltransportatlon at the regional and national level will assist in nnprovmg the network

for future demands and making suitable policy decisions \thch relate to the systcm. ‘

. The principal components of commodify transportation are, the source (point of
production), the sink (point of consumption) and the system (modes used). The.

inter-relationships are studied in order to develop a déscriptive or predictive

/7 modeling tcchﬁiqﬁ;:- The appropriate relationships are entirely dopcndcot on the size-

_ of sources and: sinks including locations, the available modes of*trﬁnsportaiion

- between them and the specific cominodity under tonsideration. Fig.1a shows the

/

basic commodity transportation system.
\ \

The transportation of raw materials to the plant and later transport{ng the

2

* finished goods to the market place at an oconbmical cost in a timely, undamaged

f

“ . . condition xeqmrcs an efﬁcxcnt and rehablc ;ransportatxon nctwork(43 A44). 1t is

—




/ ' . | B
current;g"noted that a significant percentage of current traffic on highways is due to |

comn(odxty movements between cities. . The travel time value of commodlty delayed g
7hcd to the maxkct value of thc commod1ty(2) Cbmpared to urban transportanon -

N 7 plannmg, commodity transportatnon stands insharp contrast in many aspccts For
. -
/ instance, in urban transportation there is only one clxcnt (govemmcnt) and one

PR,

/, commodity (people), however in case of com_modxty. transportation planning, the S
‘/ ., complexities are enormous when we consider the different types of v
. // ' commodities(35). e v ) '
v ) .
‘// . . v ' "
// — In provincial commodity transportation plahning, the two most impottant
/ . . questions that frequently arise are the following: (1), What is the commodity

distribution pattern across the province? (2). What is'thetypcof mode used in
distributing these commoditi¢s? Given the largely privaté‘cha;'actcr oé:ommodity
transport, it is necessary to obtnin satisfactory answ:u:s to the above qnesﬁons §0 as
to have an efficxcnt transportation- network. In commodxty transportation

° ’ *3.4 ] plannmg the emphams should be on early 1dcnnﬁcanon of the problcm followedbya = .
' feasible solution. For example, it is necessary to know th'e present level of

commodity movements in order. to make decisions on investment in facilities or
. \ . ‘ .
' Y . . o ° s
equipment, taxation policies and regulations governing future demands by, the: -

T

transportation industry.

_“
-

The study of comoaiw movements within the province is a study of a closed

i ’ enonomy with greater emphasis on rcgiona.l economy. It involves the identification ..
~— * . . ofregional econamic scctors which are either well served or bcmg ncglected and in
understanding the type and cost of services being offcrcd The provincial

P | ‘ transportation departments and other agencies have come to understand that their
n‘ . . N \ . )

b
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&-r

\ ‘ ¢ . *
rcSpons'ibilitics are not solely confined to the provincial highway system, but include

the broad spectrum of commodity transport services being provided by numerous

y pnvatc agencies and the different modcs used for this purpose. The attcnuon to this -

area i§ mamly led by the abandomng of light anSlty railway linEs and a surge in ;he
cost of hlghway mamtcnancc by the use of heavier trucks - |
ra

There is a need for developing systcmatlc and stanstxcally credible methods by
which one can analyzc commodity flow across the province. In most provmces

future truck volumes are forecast as a percentage of aggregate traffic volume for both

"existing and proposed facilities. The major problem stems from the lack of data base

answered under transpo txon pohcy by provincial government could be t.he natum

. of subsidy which should bc dlsglbutcd to retain a balanced service. - Urban -

transportanon plannmg cxpcnehco is hclpful but cannot be considered as a direct

substitute in solving commodlty transportation plannu_lg problems(35).

e~
3

There are a number of factors tl;ai restrict the developmgnt and use of a
suitable mathematical model to understand the movements of commodities across a'
prbvince. The first major jssu7ane the data limitations in tilc cdmmodity sector 'I‘ﬁc
lack of data containing commodity move'mcnts is crutial to devéloping a demand
forecastmg models. The cost of collecting necessary commodnty data is enormous
and requu'es a large staff. Commodlty transportauon planning is an extremely
broad field and it is impossible to have all requlrcd data collected. Thus,

investigators are forced tomake several assumptions and adjustments in using

-



5 -

>
4 1

avaﬂablc data; in many cases, they are constramcd to put toghether useful aggrcgatc
data wlulc developing® modcls The shipper or consxgnee survey reqmred to validme -
V/'.Q .
the data requires a large’ costs and manpower.  One of the greatest needs at
‘present is to imprqve collection of -data on a regular basis, particularly the

commodity flow information on medium and long-distance.
o

[ d

The second limitation arises from the inability‘to forecast economic activity.
Many planning decisions require demand forecasts that ,rather‘ involve
comparisons bctw;eax proposed alternatives and existing conditions over.a short
; period due to the unpredxct\ablc economic actmty over longer pcnods Onc prime
)\examplc of unpredlctablc economic activity is the recent introduction of
. dercgulation in some areas of ground transportation. chegulation ilas brought

- both ad_v'antag'cs and disadvantages to both consumers and industry.

(" The third limitation is to deal with the problem to users of these madels.
Models have been devcloped,by researchers from many different fields with many
' diffcrt:.nt objectives. j‘his wide range of -approach leaves the user of thcsc. models ’
%" with a problem; the uger must be carcful.‘not to try and al;ply the :model for
situations where it is not suited and has spcciﬁc'linﬁtations. Thus a well structured '
‘model is requirea with complete description of data source in order to tx:i‘lﬁtand .
commddity &anspogaﬁon Rlanning. It is also required to dcvélop comprehensive

methodology that is applicable to the needs of éommodfty transportation planning.
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13, OBJECTIVES AND SCOPE OF STUDY
1.3.1. Introductlon

&

@

This thesis deals with transportation demand modelingTn the commodity
-/

., movement sector. Recently the ficld work involved in collecting commodity flow

. data has been intensified and provinces have become increasingly aware of the

issues rclaqing to c;)mm0dity 'movcmcnts on the provincial highway systems. In
commodxty transportation planning, the objecuvc is for early detcctlon and rcsolunon
of problcms with respect to hlghway network. i

~ In transportation demand modelin_g,*thcﬁ: are four major gfages as shown
in Fig,1b are usvally used. They are trip generation, trip distn'butioﬂ, modal split,
d tﬁp assignment. The purpose of‘cacp stage is defined briefly as follows: '

J- Trip Generatign: involves the determination of the quantity of trip ends associated

“within a mne or zones. %

2. Tnp Dnstnbutlon is the determination of the trip interchanges in the base year of a

given number of trips between zones. This stage involves the use of mathematical

formulation and calibration process.

?.Modal Split::6 the division of trips ‘between competing modes used for

_ transportation,

" 4Traffic Assignment: the allocation of interchanges among available routes between

the zones. ® ’ ‘ L

This study is concerned, wnh the tnp dlstnbutlon and modal split stages of
commodity transportatxon planmng Thc data collectlon done by Alberta
TragspOrtanon comes under trip geheration, and hence that stage was not

considered, except for checking the data and using it for furtf®r analysis.

..!‘ .



t \

1.32. OBJECTIVES ' - - :

The following are the main objeétivés of the present study;
e e .1:;? .

1. To develop comprehensive @ statishi:glly crgdiblc methods aqd
' models required for commodity transportation planning. "
2. To develop an intra-provincial ‘commodity distribution model, by
suitably modifying the standard gravity model.
3. To Formulate a methodology to analyze the vast commodxty flow data and
- develop modal split quels that distribute the commodity flows among
competing modes. ‘ — ..

4. To review of the data requ'ircments and applicatioxi of models for

commodity transportation planning.

1.3.3. SCOPE OF STUDY

In province wide commodlty transportation planmng, the two questions that -

frequently arise -is the typc of commodity-distribution and the mode(s) uscd for

distribution. It is essential in commodity transportation planning to understand

existing conditions before making any decisions. The knowledge of commodity
transportation is essential because it contributes considerably to the gross domestic
) pmdﬁct of a place from the service sectdk both at a national and provincial level. The

- cost at which a prbduci is available to the consumer depends on efficient and reliable

a

transportation planning and the operation of the network. T

2 - -
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v The present study deals with the dis%\ution and modal split analysis of the _

. commodity movements across the i’rovinée of Alberta. It takes into consideration
only the mtra-provmcml commodity flow survey data collected by Alberta
Transportatlon in 1977. The actual tonnage that is distributed between certain
selected communities across the pnovmcc :s only considered as these are expgcted to
represent the movement of commodities across the entire province. 'The details of

the commodity. flow survcy and thc selected communities is discussed later in the
text. The modal split analysxs is studxcd with respect to the two major modes of

- transportation in the province, namely truck and rail. The modal split analysis and
modeling is based on several factors, some of which have not been used in garlier
e studies of this nature. Some of the important factors \considered are the commodity
+ type, type of loads (full load or less than'full load), type of hire (private or

for-hire), control (yes or no), average shlpernent size, total tonnage, types of modes,

etc. The logit models are used to build modal-split models. This study i is invariably
limited by the non-availibility of certain commodity flow data.

14 ORGANIZATION : .

L) N )

3

Chapter 2 presents an over’view of the commodity distribution and modal opﬁt
m'odcls in cxxstcnce It provides a background on the commoduy distribution and
modal split modcls considered as important for the present study durmg the literature

survey. This section examines the differences between various models used for

) commodity disu:ibﬁtion and modal split by previous researchcrs Under commodity
»ie
_ distribution models, some of the major commodity flow studies are dlSCUSSCd

-

(9 11,20,21,26,45). In the brief review of modal split “models; the regression

¢
’ r "



model, abstract mode fhodel, discriminant analysis and, probit and logit models are

60n§idercd(39\,40342).

. The data base is discussed in.Chapter 3. It provides a compre
the way in which the data were developed for the present study. It desc
commodity flow survey conducted by, Alb}:rtagTransportation in 1977 to obtain
commodity flow data across the px"ovince‘ The sub-sections in this chapter deal with

the community selection, shipper or tonsignee interview and classification of

- -* commedities. A description of the community characteristics is also included in

this section’
8 J
The theoretical framework of the commodi‘t—y distribution model developed by

. this study is given in Chapter 4. It provides a consistent linkage between data

structure and the model building procéss. The standard gravity model is modifyed

to distribute the commodities across the province. This chapter also deals with the
calibration and analysis of the{developed model.

;
) _
V

“ ‘(Shaptcrﬁs examines info the modal split across the province and develops

modal-split models for the commodity movements. First a d;tai?cd analysis of'the |

comrodity movements (pattem recognition) is carried out based on some important
factors such as average shipment size, type of loads, etc. Secondly, log-linear and
logit models are used to construct modal split models. ' ’
Chapter 6 gives an example of the practical application of the developed
models in éommodity transportation planning. The final chapter presents

>

- [

- T
o
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\ o the summary and cqnclusioné of the present study. Also, suggestions are made for

future research in this area. Under conclusions some of the important findings of

3
this stugdy are indicated. The appendix contains coding instructions to shippers and
consignees, sample survey data output format, instructions to computer programs,
and program listings. - ;
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: CHAPTER 2
COMMODITY DISTRIBUTION AND MODAL SPLIT MODELS “

o

2.1 INTRODUCTION o -

Commodity transponagion has been growing at a rapid pace over the years. It
is worthwhile to record the importance and impact that-the trangportation sector has
-on the ccc;nom‘y. Research regarding commodity movcm&s began to dcve',,lop‘
rapidly due to the iargc movement of commodities crossing borders, parﬁcula;ly the
study of national and international movements as shown in Fig.2. The one
_ important factor that contributes to_the movct;lcnt, is the' disparity in-resources that
'cxists between regions. People of different regions need different pmducéts that suit
their living conditions, and are required to exchange good‘s for mutual advaﬁtagc.
Each place will have some kind of economic relationship with the other place by the
flow of goods between them. This commodit‘y flow could be achieved by any
available mode of transponarJ:on. In order to understand this comple;( nature of °
commodity flows, various theories and models related to cdmmodity transportation

plant{ing were developed. ®

™~
x

~An ex;cnsivc search of pertinent literature on commodity distribution and
modal split analysis uncovercd/information on analysis and thetheoretical
framework for modeling. The first and most corﬁprcl;crisivc commodity flow
mafﬁﬁ“as_qohucwd by E.L.Ullman(45)-, using the 1950 commodity data for
United States of America. Recent developments on commodity flow patterns
have endeavoured to integrate the theoretical developments of the gravity formoula -

into cecasting models. In thé following sections a few important commodity

s s
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- applied to commbdity distribution is rather limited(21). .,

11

\ | 3

distribution models based on the gravity model and some modal split models are

discussed. The advantages and disadvantages are also assessed where possible. -

Y

The commodify distribution models reviewed undcr scctxon 2.2 are; the

grav1ty model and commodity flow studies by E.L. Ullman, W.R, Black,
B.G.Hutchinson, and W.Leontief. The modal split models reviewed under section
2.3 are: regression .analysis, .abstract mode model, disérin}inant analysis and, logit

and probit models.

2.2, COMMODITY DISTRIBUTION MODELS

To enable transportation planners to meet the anticipated capacity

requirements, it is necessary to have some cxplanatidn of the demand for transport

and estimate the growth in the consumption for commodities over long-term. In .

developing models it is assumed that the models can provide reasonable estimates of

the movement of commodities and future consumption. Though the success of

urban transportation planning and forecasting is well known, its success wﬁep ]

L

'I’he most widely used dlstnbutxon model is the grav:ty model. This modcl

was ongmally derived by analogy from the famous Newton's Law of Gravntatmn
The law of gravitation states that the attractien between two bodies is directly

proportional to the mass of the bodies and inversely proportional to the square of -

the distance between the two bodies. However, this law is adopted for
transportation by substituting trip production and trip attrac;‘tion for the mass, and the
distance is ;'eplaced by travel time(21). The proponents of this model poinicd to
the apparent analogy between
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movements of people from a lower economic zone toa higher economic zone.

. Earlier researchers believed that just as the interaction of two bodies is governed by

Newton's law either due to force, energy or f)otential, 50 mus,t‘there exist similar

relationship for the ‘movement of people or commodities between zones. Hence this
cmpcncal formula for trip distribution has become a corner stone and was

appropnately named gravity model. The gravxty model has been extensnvely used by

. both urban transportation planners and commodity transportation planners throbgh

the years to estimate the interchanges between zones(9,1 1,20,i1,26,45 47,48).

The Grav'ity Model is exppassed mathematically as follows;

T - pi;__n__f___)_ e e (21) 3
AaGh
Where, -
S Ty = ‘trip production from zone i to zone j

P = ;;roductionin zone i ) . _

C,j =' _ attraction in zone j. C

Fij o= f(tl.l ‘
- t1J D= unpedance. which is usually the d:stance, time or cost.

Rrgorous theorencal development was necessary m order to suprcss
apprehensron about_:he use of gravity model in transportation planning,
Partlcularly it was appcalmg to study the r‘rugratlon of population and passenger
movements. The only cmpancal support for gravity model comes from the
observation that the mtcrchqlges between two regrons is clearly a decending order of
the- d‘xstance between the origin and desnnatlon Several studlcs dealing with

tra-urban movement phttcms made use of a gravrty type chstnbunon mode‘l(ZI\),

. ) ' /
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‘ 'l’hc‘on:t‘ica\l~ basis for the gravity has received sorﬁc attention and, this has

increased ;{m confidence in its use as a trip dxsmbiftxon model. In recent yom there
~‘ ‘has been two important studies relating to the theoretical dcvclopmcnt of the gravity
model for transportatlon studlcs The first is the cntropy maximizing methodology,
bascd ‘on an analogy w1th mlcro-canomcal ensemBle tcchmquc m statxstlcal
mechomcs by Wllson(48) WI]SOII in thc above study -has provcd that thc
oonstraincd gravity deel can be derived direclty from probability or cntropy
‘mz;ximizing priciples and the use of staﬁs'ticai analogy. The results of Wilson study

improves the justification in using this model in transportation studies.

\

-

The second thcoretlcal support is put forward by Niedercorn and Bechdolt ir.

_ bascd on economic denvatxon(utxhty thcory) of the gravity modcl(36) Thclr

comnbu/u('m has opcned ways fo link cconormc theory to the empérically formulatcd )

gravity model There has been some criticism of their derivation and it is to do with
the basic hypothcs1s made in the study. The hypothesis states tht the net utility is a

functién of the number of trips from a single origin to numerous destinations. Apart

. form the criticism and 8oubts the Niedercorn and Bechdolt derivation, their work |

ties the gravity model fo the economic frame work of utility theory is most
significant and proivedes necessary theoretical support to the gravity model.

<

Probability approach by Walter Isard(22) was the first attempt in the

dcvelopment of gravity modcl without rclymg on Ncwtons law, His model

development is based on probabxhty concepts. He divided an metropolitan area
population P into several subareas depending on the population characteritsics based

on age, occupation, sex, etc. If Tchrcscntp the total number of internal trips in the

metropolitan area, he ftried to estimate trips Tij beteen subarea i and subarea j

assuming that neither cost or time are involved in undertaking tho%?p(i.c the friction.

¥

i
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factor,is zer0). Next, he postulated that for an individual in subarea i, the fraction of -
hisﬁjo:xmcys.tcrmiriating in subarea j will be equal to Pj divided by P. thtc Pj is~

~ the subarea j's popul;atiOn. Also, si-ncc ghc individual in subarea i is identical to an
ingiividual in any maer subarea, and since transportation costs are zero, he estimated
the total number of trips that the individual' undertakes as the average number of trips
p;rc,apita for the cntxrc mctm;blkitan area, or T/P. He replaged this quotient by the
letter K. thus the absolute number: of trips that an individual from subarea i makes to

%
subarea j, is K(P;/P;).Since there are P; individuals in subarea i, then :

He propojed that.in'a similar. manner, the total expected number of trips for every -
. . ' % ' :
- possible combination of i's ‘and j's can be estimated. Eq. 2.2 resembles the

- formulation of ﬂ1c g;avity model. o e
» . .
The fjxrst ahd most comprehensive commodity flow analysis to date was
condlicted by E.L.Ullman(45). He used the 1950 Commodity flow survey data of
.United Statgﬁ America to draw flow diagrams depicting 6rigins and destinations
of several commodity grouﬁings. His work was the figst break-through for
researchers. The data base he produced was useful for other researchers o test their
tl}eorics and models.
. . - ' T
-~ Black(9) also attcm_pted to.s y the commodity flow within United States of '
America. He used 24 commodity groupings and gravity model for distribution.
He used consumpﬁo: coslrained’ model for the commodity distribution. The model
)

—
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) A ™
formulation of Black was:
' © Lk ke K
O, DYF :
X S T R R (2.3)
3 x» pFEr . ‘
=1 7§ Tij
Where, = - e i

-

Tijk - total tons of commeodity k produced in region i anc% shipped to reéion i

Lol
Oik - total shipments of commodity k from region i,

Djl,‘ - total demand for commodity k in region j, and

?

Fijk - friction factor equal to I/dija, where d,-j-ie-thc straight line distance bet\.veen

region i and region j and « is an emperically derived exponent which may vary

~ depending on the commodity group under consideration.

In estlmanng the value of the exponent, he started thh a zero exponent thh

mcemmcnts of 0. 925 at cach iteration until the corrclanon between the actual and the ¢

——E—

-cstlmatcd flows fa11 to increase. Also, he assumed unimodal over the entire rcglon

' of search. He hypothesized the follwing for his study:
a, The grcater the spccxahzanon for a partiuclar commodlty, the lowcr the cxponent '

value.
b. The greater the intra-regional consumption, the greater the exponent value.
c. The grcatcf the per unit-value of a commodity, the larger the exponent value.

—t—
«

The exponent values obtained by Black are.discussed in distibution model *

Chaptereb. Thc model does perform slightly better for highly aggregated data,

wh:ch substanuates the vxew of many researchers about the reliability of gravity

model with aggrcgatc data. Fmaly, he states that, the efficency of the gravxty
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model is quite stablc and'is not seriously affected*by dxsaggrcgagoq of flows. The
model does perform better with highly aggmgated data, which tends to be consxstent

~

with the appication of the model in other research areas.

- . ' 4
o

. . '
Hutchinson(20) attempted to forecast commodity flow in 19 regions -of

Ontario prbvince using published data. 'To estimaté the regional production l;c
utilized the anmx‘al) censds of manufacturers. Where data was not available, they

were estimated from labor force statistics and the, average productivity rates. The
> F-) ' N

consumption was obtained from the product of the regional average per capita

consumptlon of each commodity type and rchonal populatlon Thc distribution

modcl expressed the importance of transportation cests in distribution, .

. Hutchinson's proposed model was ;

whcnc, T. -a squae matrix of the mter-m"glonal commodity flows by
mmodity type.

P? - 2 diagonal matrix of the production of'éo'mmodity k in region i, and

. Ak Fk
D asquaremamx,equalto—J—i—J— “
. : Z jFij .

Ajk - cash value of the annual cosnumption of commodity k in region j, and

‘ Fijk' - a function of the transport costs involved in moving commodityk

between regions i and j.
The proposed gravity mode for the inter-regional commodity flow above is similar

to one in Eq.2.1with impedence related to transport costs.

.
/Q
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Leontief(26) propos'ea that the flow of iny ﬁarticulér good 'k ‘from rékidn .
'to any other region 'j' is assumed to be directly’ propombn}l to its output in

rcglon 'i', to its tofal input to the aggregate amount of commodity 'k’ produccd and

consumed in all the regions of the economy as a whole. The model is written as

follows:
of D o |
X i k .
Tij =-Jk- Ki‘j . . “ ;ntcuusu:- (205)
) T . . .
where,

) \ Oik total output of commodity k in region i

™

. D" - total input of commodity k in regfon j
' _’I‘k - total output and input>of com.{nodilty k in all regions.
' Kijk - emparically derived constant of proportionality.

'

‘ L
The model' rescmblcs thc gravity model, with impedance functxon bemg a

relationship between total input and output instead of distance. 'l"!us modcl

resembles the concept of supply and demand in the inter-regional movements. The

developed distribution model is discussed under Chapter 4.

The objective of modal split analysis and modeling is to allocate commodity

movements among competing modes. The identification of mode choice is an

' important step in any commocfity transportation planning process. The decision

process in commodity transportation are complicated. For example, a firm should

L3

1, - o ~>



measured by saf'cty, reliability and transit gnc(ZZ).

18

L4

) *considcr long-rarige decisions of plant location, technology of producﬁm etc., to
the more short-run deciqiorﬁ‘involving available modes of transport and shipment _

-size to be considered for raw materials and finished prbducts.

' From several studies(10,12,18,23,24) it has been shown that :shipmcnt
weight and transportation cost are more significant factors in shipper selection of
a mode than the length of haul. Some researchers have considered quality of service

as an important factor in mode selection. In general the quality of service is

—

> Meyer et al (22) in 1959 were the first to attempt to develop an analytical

modal choxcc model. The model selected used the lowest cost criteria in sclectmg the.

v mode depcndmg on length of haul. The followmg gives a combined list of thc

various important factors considered by different researchers in explaining the mode

selection and in model building(39).

1. Commodity Type, -

2. Transit time, ’

3. Transit Distance,

S 4, Transportation Cost,

N ) 5. Weight of Shipment,

' ' 6. Size of Firm,

7. Frequency of Service,

8. Reliability of Service;

- ' " 9. Measure of Safety,

' 10. Volume - demand limit time,

11, Handling cost, terminal cost, line haul cost,
12 Compleuon of Service,

L

-y
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‘model. The general form of the multiple regression equation, where there are n

19

\

13. Fragility, Perishability, Adaptability and
Seasonality,

14. Value of goods, and

15. Dcnsny of goods.

The ‘following are certain requirements and problems encountered durmg )

modal split analysxs and modeling;

1) the availability of reilable data,

2) the proper categorizing of different commodities into manageable size, and

3) the difficulty of recognizing and including all parameters in analysis.

. . ok
The following describes few of the modal split models selected for research.
Each model has its own, general fdrmulation, application, data requirements, and

evaluation for use in province wide transportation system applications.

, Simple and multii:lc regression methods have been employed extensively to

examine modal choice. Due to the numerous variables that contribute in the selection -
of a mode multiple regréssion has been used more frequeéntly. Surthi and

. Ebrahim{31) used the census of transportation data to develop a mode selection

.-independent variables is written as;
Py (xij)'= a+byxg +bpxg + byxgy + “ +bpx, +€ ........... v.(2.6)
Where, , . :
Pyl =  estimated magnitude of the dependent variable; in ths Case
the probability of selecting mode k for transportmg goods /
between origin i and destination j;
Xn = independent variables;
by = ' parameters; and
c =  cmorterm. . | S r
" -

- e X
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Regression models are descriptive and attempt to explain the modal selection -

behaviour through mathematical relationships developed from a.cross-sectional

analysis of data. "The methodology is mathematically based procedure utilizing

_statistical measures to determine the effects of independent variables have on modal

shares of goods movement. Regression analysis seems ideally suited for
dctcx;nining estimates of modal choice probabilities, from which expected mode use
can be calculated. The stepwise regression procedure is widely adopted in most
rescarch and the methodology has been computerized for an efficent and easy

use(7).

Tﬁc advantages of using the regression analysis’is that-it allows the modeler to
understand the contribution of the selected independent variables in @tcrmining the
modal share. The stepwise procedure allows the ranking of the independent
variables. The methodology is totally computerized, simpl(%ﬁd easy to interpret.
The results are cvgluatéd pricipally using standard statistical tests such as the F-test

or t-value tests. - -

The disadvantage is one of unbeuned probability by using this methodology,
that is, the estimated conditional probability may produce values greater than 1 or
less than O which is not acceptable. For this reason many researchers select logit or

probit models(li. Also, this method requires largc'amount of data for reliable

b}

o

results. <
The abstract mode model views demand for corr{modity along any link in a
network and a particular (abstract) mode as dependent on the characteristics of that

mode and on key commodity attributes. Abstract mode models are so called because

the modal attribute variables used, can describe any particular mode. This approach
: r ‘ o

- ©
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handles the distribution and modal split elements as one task. Turner(42) noticed
that the abstract mode technique was the method suited for explaining macro-level

mode choice decisions under existing data availability limitations. He used the

following variables for his model, origin and destination, distance shipped, transit

time, size and commodity group of shipment and value. For Turner lack of
information, on reliability of service measures caused him some problems in the

calibration of the model. The advantage of abstract mode model is its capacity to

" evaluate the sensitivity of the changes in mode, travel time or cost. This flexibility

-

allows to evaluate the-impacts of policies, such as revision of the commodity rate
structure or provisions of capital investment subsidies for updating and improving a

particular means of transportation. [

-~

The abstrgct mode concept addresses the problem éf predicting the mode of
transportation between specified origin and-destination pairs by using disaggregitc
data. The stﬁdy by Tumer concluded the abstract mode technique is best suited for
explaining macro-level mode choice decisions. : Herendeen(19) proposed a modified

u\;crsion_of this model as follows:

Pk(xlj) = (10 Rkal Cka2 TkaB Fka4 ................... (2 7)
with the constraint )
Py(Xj)) = 100 s .(2.8)

Py(X;;) = percentage of X that will be shipped by mode k;

“. Ry  =reliability of mode k;

Ck = relative cost of mode k = (relative cost of ali available modes l rate of mode k)
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Ty = relative transit time by mode =(lowest time by all modes / time by mode k)

Ek = relative frequency of service = (frequency by all modes / best frequency of ~
\3 . . . w

sefvice)

ag= coefficient to be determined by the regression analysis ; and

L

°‘1 a2 o, 04 = exponcnt’s to be determmed by the regresgon analys1s

Hcrcndeen used this model for _Lust two modes highway and rail frexght for

five commodity groups all of whcih were manufactured goods, and: three |

independent variables such as the relative costs, rclﬁ‘vcltransitd time, and reliability. -

e

The disadvantage of this methodalogy is the lack of consideration given to the -
type of commodity type being transported: Turner has tried to add commodity
'characterigtics to the model as dummy variables to help eliminate this problem, The

py ,

g.t"fcct of inter-modal are not taker\sinto care since ,thé model is formulated to consider

. eaeh mode seperately.

. s -

Discriminant analysis methodology is a multivariate statistical methodology
used to develop rhodal split models. The methodology is useful to classify a goods
N rd

to one of schral modes with a miniminurri of error based on a set of specified

charactcnsncs of the modes and consrgnment 'This is achieved-by the use of a linear

discriminant functxon that i is compnsed of a linear combmatvn of éxplanatory

variables(7,13). ) _ L —

e

Fig.3a shows graphicall); the intrinsic properties of the discrifninant function

8
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thethod of estimating modal share. If the frequency dist;riﬁution of the shipper's
modal-choice characteristics are known for each mode of transportation, for a given
consignment a disutility value, Z, can be.computed and the 'proba'ble mode of

-

transportation can be predicted. ) s

’

From Fig.3a it is clear that, if the computed value of Z is greater thatn Z/,

mode 2 is likely to be selected and vice versa, In the figure the two modes are |

seperated but with an overlapping region marked by shaded area. This shaded area

indicates the possibility of misclassifications of consignments to either mode(34).

. %
The general formulation of the discriminant function for a two mode choice
can be written as(33,34): )
Zij =[X-12(X%; -X381%-X;) EES—E)
in which, ' ;
. ¢
z ij= linear discriminant fucntion value; i
X = the vector of characteristics of a given mode and/or commadi to be used to

categorize a consignment as using mode i or mode j;
~ °

)?i , X j= the vector of mean characteristics of all shibmcnts that use i aﬁd jr

lespecgivcly;

$ -1 = theinverse of the estimated variance co-variance matrix of X chara;:tcristics of

a mode and/or commodity within each mode; and

| [ ] = the transpose of the vector expansion within the brackets.

If there are only two modes i and j, the discriminant function can classify a

consignment ac;cording to the value of Zij >0, the consignment as a user of mode.i,

1\



otherwise, the consignment is classified as a user of mode j. Two very important
assumptions, must be made in using linear discriminant method;.1. that the ,
distributions of the variables are multi-variant normal and ‘2. the variance-covariance
matrices of thc two sets of variai;lcs are thc same. The methodology can be tested

— ————

for its ability to classify correctly using a confusxon matrix' and an F-statistic can

— i

also be used to test if the sample size is adequate. - -

Milkus(29) u.sgd‘ l"incar discriminant function to estimate the allocation of
traffic between rail and truck mode. He used syippment records for frozen
vegetables from the 1963 census of transportation. The data requirements were
shipment weight, distance, and employment size c;f the originating plant. Milkus
concluded that discriminant function appear to be better multi-purpose estimator
' funct.ion than any of the freight rate functipns(simple liner régression model;) that he
could develop. Sasaki(40) used this method to allocate freight between rail and
water. He found that jwcight and distance were significant. He ;oncludcd that
discriminant function does have the ability to classﬂfy correctly individual shipments
by mode of trans;portation The method appcars to be a relevant tool 'for analysis of
commodity movements by dlffcrcnt modcs and discriminant formulatxon is quite
sensitive to data changes. In using this method it is necessary to have quality
and sufficient data to calibrate and test. This method has been W1dcly used by
many rescarchers in modal split modeling. -

{ : s

The logit model is chosen for revnew because of its reasonable explanatory -
powers to predict thc probabxhty that the shipper wiil sclcctaspecxfied means of
* transportation from a set of alternative modes . ‘Mode choice models of the logit
form have been used to predict the truck-rail modal split as a‘eﬁon of modal and
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' commodity characteristics using' aggl:egate data by Kullman(24), and using "
- disaggreagate data by Hartwing and Linton(18). Ifo'git malysi§ is another
multivariate statistical tool used mainly in biometrics and has been used in the field
of disgggrcgatc modal choice modeling. The use of this xﬁodc:l is mainly due to its
"two improtant characteristics; the first is that the estimated i)robabilfty of mode
choice always lies within Oand 1, tlus climinates the unbounded probability inherent
in using linear probabxhty functions such as the rcgrcss:on ptocedurc The scnconcf
charactcnsncs is tha; the sum of the probabilitics of cach altermative modes will

o

be equal to 1. . co N

b

-

Flg 3b shows the logxstxc formulanon for binary chonce modcl(33) In the
figure it is clear that the loglstlc model is a non-linear modcl that is able to fit a lmcar
probability function to a lognstlc growth curve. The general formulation of the

logistic model in its multinomial form can bc written as;

. eu(x) Co L
P) = e ok, (210) \
. 1 +e i e :

where,

Pk (x) = the probabﬂxty of a slupper choosmg mode k out of the full set nf%odc

altanauvcs
u(x) ='xo +x1. X1 P +x3Xp

X1 Xh = independent variables, expressed as differences, and .

Xn

coefficients of X,

}

_ therefore if Py(x) is the probabilty of choosing mode K, the probability of not - -
5 ' ) .
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" in transit time or reliability. ' —

S
-
-

choosing mode k is 1-Py (x), in which D -

1P = 1(1+e8(%))

The logit transformation of the linear probability function is written as

( Pk (X) , .
log, TF® RS T SO +x X
in which LHS is called the logit.

The best method for estimating the values of the coefficients (Xg» X1 -Xp)

one‘can use the methods of maximum likelihood estimation méthod.
N\

Probit analysis, like logit\;malysis, has been used extensively in the field of
biometrics. Probit analysis provides a means of assigning a linear relationship to a

probébility function. Modal separation is accomplished through probability

- functions that can be represented by a cummulative normal- distribution frequency

curve. Identification of the shippcr's threshold response level is one of the key

concepts of the pnéﬁit analysis. The S—cprch shown in Fig.3c is usugly referred to

as a sigmoidal response curve. Identificatioin of the shippers response level is one
. Q -

of the key concepts of probit analysis. It represents the indifference level where a

shipper's preference is equalized in relation to selecting-alternative modes. The

value of X in Fig. 3c depicts a shipper threshold level, where any value greater

than X represents a shipper's preference of choice to mode k over an alternative

mode. The threshold response levels are assumed to be normally distributcd(33):
Hartwing and Linton(18) concluded that the probit analysis form. is applicable to

- disaggregate mode choice modeling. Their analysis showed that binary mode choice

truck or rail is more sensitive to changes in transportation costs than either changes

b
\
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Researchers using the logit apd probit analysis has o deal ith the problem of

dlsaggregate data availibility. Logxt and probxt analysis are suﬂcd for relating

~ observed shipper behaviour to factors for dctermmmg mode choice between two

méans of u'ansportanon "'The draw back with respect to probit model is that it
.rcquires a more nmc-consummg cahbrauon procedure than most other models

(1,34). Modal split analysis and models dcvclomd are dxscussodm Chapwr 5.

) i |- - ’ i/




o7 . > ° o - B A T
- Al . - - -~ ' — .
- . ' K3 ,
. - . v - s [ H
' . i P . N
’ . . .
' s -— - — ' . N
oo - - .
- . * \
. ’ .
. - I » '
’
- o 1Y . - . .
. K ) .
. '
N . » » - 0 ’
B ] . 4 - . co
. v i
N . i r A w i .
L .
. ‘o .
+ ’ ‘ p
, il : '
~ ¢ .
Co °© 4
. u ‘ " . .
N . . N F—
— . ]
i hd . k] » .
-
— . . P
4 * ’
)
r . f
~ .
s .
a .
‘ . JU—
e -
.
.. .
. -
- .
' , . N
. . R ° 2 \
.
.. % . .
N . . B .
v .o “ .
. - h . R
- ' ~
N .
. k) - . * . i}
r . ° M v
1 - ’ -
s .
. ¢
- - .
. " - N . v
. Al
» . . - .
E ' - . ¢ -
. »
Y s .
v o . - .a
. . ) . . T
¢ . . .
N - 1
A N + - .
. . . § .
- '
. .
[ N R . .
\\ . s . .
N
. ‘ - .
. . . .
* i .
o .
]
v . ‘ " t .
4 . \ * .
- —— - .
) - . - .
* - « v Kl o
0y . L 4 \ . s
. ‘ 4 . N et—— s -
L} - f
. < - i - <
N - ' .
o - . '
. B . - ) 1
. A » ' '
.. .
- N . , >4 ’ : .
: . L ) f
: . . . -
) —— - . R v
.o - .o . ,
- - h . w— - v . '
5 ’ . . . . ' ’
B . ’ v * 3
. ‘ ., - >,
e .
_ . . . . . : ¢
- . . “« L. .
o o . Lo i~
" -
. - , . . L . , K
v . . - - y
) r +
. . et * . . , * . .
. ° . £ . . . . ' o
h * - . . .
' v . N N .
4 - . - [ o
. . . € N C ' . . ’ N "
. Lo o . ® , ,
- ’ " ‘ Y ~ ¢ Y
- - * - P s - b .
' -y, . .
5 , ~ , . 4 . . .
v Lo ‘ - . - N
* ™ -t © + .- - ’ —— — - . ! ' - Ty
. : P . ] e s .
. ‘,l' + 4 - N . -+ . . » . N 4
.- ' ‘& 5 R S — . . ) .
- N - \ . LI = . 2,
. . (S - 4 . , . ih
. . N . . l
. : -~ A ' 4 . . . B - . — = v
- o k3 o — - . — v » . * . - * ’
. ) - - . ] N
. * * . B B ' . . . ‘ ' B
. . —— + - ” . e h N
. . ) + . » ) .
L v . PO ‘ . - ,
Y - - R . , e L f - . Ta
. - . . ' : < et :
fus 0 - i -t - Yoo . ‘ N w0,
s T - B R ' R v . T . R t . o . - . L e




CHAPTER 3
DATA BASE

3.1. BACKGROUND
Alberta is one of the ten provmc:cs in Canada and has & population over two
mﬂhon and a land area of 250 000 square miles. Agriculture directly accounts for
nearly 17% of Albertas net value of production and 25% of personal income.
Edmonton and Calgary are the two major cities of Alberta. The principal pnmary
‘industries are grain, cool, oil, gas, sulphur, forest produots, dc(43,44). In tr;'ing to
V undcfstand th:c vast commodity distribution and modal split across the province, the
' Alberta Transportation Department instigated a major study in 1977, The study was

limited to selcctcd commumtlcs across the provmq: Fig.4 shows the ﬁﬁp of

Alberta with the important communities across the province.

=
o

’ The mai; objeotivco of the su;vcy were; (1). to develop a first level
. understanding of commodity flows in Alberta, (2). to determine, the best method for
a major comprehensive study of commodity transportation in Alberta.(3go cxamine
the possibilities of developing mathematical relationships describing commodity
transportation, and (4). to develop appropnate generahzauons for expansion or
forecasting of commodlty activity beyond the sample universe. The study was
limited to (1). Pnncxpai primary industries such as grain, coal, oil, gas sulphur,
forest products etc., with emphasls on resource outﬂows, and (2). thc primary

highway and railway network mtcrconnectmg major populatlon zones.

s

Ex

-
s 3, o
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32. COMMODITY FLOW SURVEY
3.2.1. Introduction |

a

‘The commodity flow survey was assigned to a private gonsulting firm and one
of the principal objectives of the survey was to dc»;clop commodity volume
estimates. The commodity related information WL\obtained through informal
iptcrvicw techniques with both shippers and consignees using pre-forwarded sutvey
forms as shov&;n in Fig. 5., The survey questionnaire was dev'elopcd by consulting
' the chents To the extent possible, lines 1 and 2 of the survey form were prc-codcd
in the ofﬁcc prior to the surveyor visiting the community. The information for thc
first 2 lines was taken from existing telephone directorit:s. Once in the field the
- surveyor was able to confirm the firm type and proceed to gather the data. The,
‘community file could bc ;&vised on these visits by cicletihg firms which might have

gone out of business or changed owners or names and new businesses could be

added to the file(43,44).

The survey took the form of interviewing consignees and shlppcrs of goods in
any s1gmﬁcant quantities across the province. A significant amount of tt;;“
interviews were cpngluctcd in person and the rest by telephone. The initial list os
interviewees were compliled from current telephone directories and the list Was‘
updated by the sru‘vcyors on visits to the comimunities. The basic information to be
collected during the commodity flow survey was to develop commodity movement
csﬁ;natcs from all interviews. Later the data was transfered on to a computer in a
pge-cpded format . It should be noted that place information and commodity coc}cs

_ had the same structure as the codes currently used by Alberta Transportation for
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2 4

wclgh scale mtcrvxcws - with certain modlfxcanons as deemed necessary to

-~

ovcrcomc specific deficiencies when they wcrc encountered-were made, The basic

mformauon on commodxty flow data collected were, origin-destination, type-of
commodlty type of firm, type of goods, annual tonnage, average shipment s1ze, type
of- load (full load or less than full load), type of hlrc (private or for-hire), control

\ (yes or no) , market share etc. In addition to commodity flow data,

demographic data, such as populatlon, employment, income, 'agc distribution,

etc. were also collected from vanous sources. The details of coding instructions and.

.samplc data fromat used are shown in Appendix L.

© 3.2.2. Communities Selection

The initial survey consisted of classifying the communities across the province

as sources, sinks, or as both. The identification of communities is an very important

32

" step in conducting a commodity flow survey of this dimension. Production centres

can be considered as sources, that is a place from which suppfy is originated.

Consumption centres can be considered as sinks, that is places of demands for

commmodity. A few c‘?mmunities can be considered as sources and: sinks,

because they behave as re-supply centers along major corridors of commodity
‘ . : D
movements.

The 1dcnt1ﬁcauon of communities hclps to dccxdc \ﬁ/hcthcr to collect data from

sources (points of production) or from sinks (points of consumption) or from both

-

~ depending upon what the community is classified. Few of the mjm sources and -

sinks in the province of Alberta are shown in_shown in Fig.4. In {\lbena, majority

of the émds are distributed from Bdmonton: Calgary, RedDeer, LethBridge and

'
, [ ]

3
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- Medicine Hat. These places are used for principal distribution of commodities
across the province by pg‘oviﬁcial, national, and international manufapturcrs and
suppliers. Itis to be noted that some of the source centers may not be the origin of
production for all commodities, but they are considered as main sources for the rest
of the province. Most of the provincial manufacturing sectors are also

.

located at the source centres.

In addition to these major centres which act as sources, there are many other

small, medium and large communitiés which behave as sqprces, or re-supply centres

either on a rcgi;)nal or corridor basis for the distribution of commodities. For
example, Peace River acts as .rc-‘supply centre. The other interesting categories are
" the oil and ;rﬁnes industries that anc spread across the province. These ‘places serve
both as sources and sinks for commodities that usually amount to large tonnage

movement even though the population at these places is very small.

~

1

The majority of the communities across the province are identified as sinks,
that is places of demand for comniodiéics. For example, Grand Prairie, Grand
Cache, Stettler, Three Hills, and Altario behave as sinks. It i5 to be noted tilat these
communities do produce some commodities, but they primarily ('dcpend on one or
more major source centres, and thus behave. predominantly as sinks. The selection
of communities were tonducted in consultation with Albcrta“'l'ransportaﬁon on the
basis of community size, population, industries and other important factors so as to
bbfaip a good representative sample for the suﬁcy. ;dso, the selection is made such
that the centres selected coulld be used for extra};olation for similar places cﬁ:lundcd

from the study and for any possible futufq strategic examination.
P Y ! ‘

7
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s "

+, Table 1 shows the selécted commimides in terms of 'economic base, and
commodity supply from competing sources. The type of community and other
factors represent very significant indices of activity. For, example, communities
{u/hich are closer to dominant supply sources others tend to has reduced
‘proportionatac retail activity, tl\xan .do similar communities that are not‘domin;tcd.
This is reflected in réduccd tonnage for consumers items, with the difference
accounted for by ipcreascd shopping travel by consumgrs going to alternate
shopping community. Another factor to be considered, which directly has impact on
the_consumptidn patterns is th;.z presence or a&smce of a high proportion of
transients (e.g tourists or oil field servicing crews, lumbering, ;:tc.) within a
cémmunity‘s market area. This factor also has been shown in Table 1.

3.2.3. Coénsignee or Shipper Intervié¢ws

r

-

commodities. An‘gttcrﬁpt was made to intcrvipw all éf the firms which moved
" comodities iri any significant qqantitics. Because of their size, Edmontp_n and
Calgary were treated seperately. For Edmonton ax:d Calgary, a 100 percent
commodity flow sample was not fesible, and conscqucntly‘ heavy reliance was
placedupon both consignee "source™ information withinthe sclccied communities.
Also, for this the Alberta Transportationis 1977 cordon survey was used. The data
that were collected was used to make a special "study entitled 'Mode choice Survey
prepared in 1978(43,4). A significant portion of the interviews were conducted in
. person. The rest wés done ov%r\ the telephone. ‘The initial list of interviewees were

compiled from current telephone directories and the list updated by the survey or on

}

i

1
i

visits to the various conuﬁ\;tﬁtics. With ‘the exception of alcohol -and grain
. ‘ . ® ,

~

The survey took the form of interviewing consignees and shippers of '

<
e i
ey
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movement, all businesses within the community were mtemewed ;hi\mformauon

on shipments of alcoholic beverages were developed with assmtance of the Alberta

Brewer's Agcnts. Grain shlprpents were devcloped on the basis of Canadian Grain

Commission published statisties for each county point. The number of people who

refused to co-operate was ms1gmﬁcant interms interviews conducted The n of
| people who refused to give data durmg the survey was not reported (43 A/ba

A large portion of interviews was conducted without prior discussion with the

subjects. In mijority of the cases, most people were co-operative once the purpose

of the study was explained and conﬂdenti'ality was etssqlged. Many of the firms
contacted were not able to talk in terms of truck loads or cas' loads except shippers
and receiyers of bulk commodities. Thus_when, calculating volumes, the
. interviewer would have to ask questions like, " How many cases of milk per week
do you receive?' or "pr much does the average tractor weigh and how many
‘tractors do you se}l per year?". Once.the basic unit was cstablishc@, it was
relatively easy to develep weekly, or yearly average movemeilts. In certam cases,.
it was necessary to follow-up a visit to outline specifically the type of data required.
*Although this procedure was time ccmsummg, it proved to be effective. In case of
suspected responses it was checked through suppliers and comparisons made

-

agamst compentors data and adjusted.

® - L™

~

r-
v

In dealing with certain commodity groups such as men's ’and ladies wear,
- drug and shoe stores, it proved expedient to extrapolate the data for some of the
businesses from c{a't_a collected from a representative sampling,of similar firms. This
was cffective in that there was a high degree of similarity in soruces of supply,

volumes and transportation modes. The validation of the collected data was




accomplished in \many wa;'s. -For example, intc;'vicw was conducted with both
consignees and shippers in order to qheck'consignce estimates and to provide a
comparative dcmonstratiop of the survey technique. In intzrvicwiilg the consignee
the emphasis was to collect commodity volume data along with an estimate by each
consignee of his market share. Namiesof the competitors were solicited in order to
ensure that no major consignee would be overlooked during the survey—Other
questions that were asked pertained to nature of truck service and problems
encount?red by the consignee with a vxcw toward further understanding the type of
service for a particular commodity bcmg transported Wherc necessary, new data
were developed with existing inventories and data base for maximum validation.

The suvaey was structured according to sampling of shipper or recepients of
commoditics' bascci on selected communities as listed in Table 1. In order to develop
the complete data, reference was made to various agcncic:v», publications, telephone
interviews, letters, and visits to respective agencies. The complete survey procedure
and validation of d;m has been presented in two reports prcscntcd by the consulting
firm to Alberta Transportaﬁon Department(43,44). “
3.2.4. Classification of Commodities

The classiﬁc‘ation of éomrﬁoditics.into distinct ciassiﬁcgtion forms one of the
major tasks in commodity transportation plénning and this work is cqx-nplicat‘zd by
the fact that there are numerous proddcts to be classified. In this survey, the
comimodities were classified as major and minor codes. There are 18 major
commodity codes and éach of the major commodity codes has several minor
commodlty codes. Tablc 2 shows the major and minor commod"lty codes adopted
durmg the survcy This list was presented to the cons1gnec/sh1ppcr in completing

o

»

. i
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the survey forms. It was expected that the classiﬁcation in T'ablc 1 is adequate for
the consignee or shlppcr to select a partxcular major and minor comxhodxty Sode
combination to descnbc the type of commodities bcmg transported. There were
7, 493 interview records available, of which 1,318 were of shxppers.and 6,175
of consignees, indicating that the communities across thé province are mostly
demand pomts The prmcxpal restriction of the data base lies in the suxtabxhty of
their use for dcvclopmg a'realistic sample of actmty pertaining to smaller centres
throughout _thc province. For larger centres such as Edmonton, and Calgary, the
statistical validity of the data collec:ed is greater Because of the larger sample size
mvof%d Overall the d#collected are rchab,le and can be‘ysed for commodlty

o “ " o

transportation analysis.
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CHAPTER 4 -
COMMODITY DISTRIBUTION MODELS

4.1, INTRODUCTION

. Ithas been predicted in our modem industrial world, over twenty percent of
the labour force is directly or indirectly-employed in the operation, sc‘rvicing,
manufactu{ing and seiling transportation facilities. From this, one can deduce the
importance and in;pact pf trapsportation sector has on economy. Commodity
transport alone has been growing at a rapil pace over the years. This substantial
growth has put a new strain on both national.and provinci‘al planners. The large

geographical dispersion of places and the wide variety of commodities require

innovative planning to effectively co-ordinate and integerate overall potential of our

tranpdo\&jon system(12). ) '
' y
In this environment it is necessary to develop models 50 as to make
dec.;isions‘ and obtain some kind of optimal solution to the problems at hand. The
models developed must be able to simulate the déemand for regional commodity
movgmcnté' so that the overall efficency of the transportation system can be

improved to meet any future demand perceived from the model.

'+ . 42 O-D COMMODITY FLOW TABLES °

The origin-destination (0-D) commodity flow tables indicate the volume of
commodity in tons shipped between each origin (source) and destination (sink). The

&

préparation of commodity flow tables is time consuming and a difficult task in the



n
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development of distribution models. The ‘Commodity Flow Table' (CFT) is similar
to the Trip Table' used in urban transportation planning(21). But preparing an CFT

is more complex than preparing a trip table. The complexity arises from the

thousands of types of commadities that are being transported by dlfferent modes of
transportation. It is necessary to reduce this vast data mto manageable

'two-dimcnsiona“l“ array for the dcvclg:mcnt of models.

The preparation of the CFT's was done in four stages. The data for this is

obtained from the commodity flow survey as cxplaincd in chapter 3. In the first
N

' stagc the modes or mode combinations to bc used were checked. For thxs purposc

" the average shipment size and modcs were consldcred From Table 4 1t is cv1dent X

that truck and rail mode are thc only significant modes of transportation across the
provmcc. Hence only truck and rail modes were considered in constructing the
CFT's. A further examination ilnto the actual modal share revealed that the
- commodity flow by rail was not much and hence there was no need to construct
sepearate CFT's for rail. Thus the commodity flow by trucks and rail were

combined.

J f
J

The second stage involved the'study of origin-destination(O-D) pairs across '
the provinte. In constructing the CFT's only the O-D pairs related to the calibration

- communitites listed in Table 1 were considered. All other available O-D pairs were » -

" eliminated from the record. After deciding the mede combination and O-D pairs, the
next task was to allot the observed flows into the Cl;—l‘s. For this purpose, the total
. annu.al tonnage of commoditics transported between each O-D pairs is used. ﬁe
preparation of the CFT's was accomphshed by making it as simple and objecnvc as
possible by taking mto consideration all important movements and chmmatmg

relatively unimportant movements betwwn the Q-D pairs. That is, interchanges

5
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bctwec;n origin and destinations, which contained large number of zero flows(tons)

were considered as ihsigniﬁcant to be included in developing the CFT's.

The third stage con%is@ of categorizing commodity classifications shown
in Table 2 into a manageable number for meaningful cominodify cat;:gorics. The
first step in this stage was to identify individual commodities with similar
characteristics and group them {nw a single category. This task 'was accomplished
by carefully looking inje the major classifications and the minor classiﬁcatipns given
in Table 2 for each coimodity. The commodities Wcre grouped into six categories
as listed irgl‘ Téable 3. From this p<;int on in the text these six categories will be refered
as General Freight; Food Stuffs, Forest, Petroleum, Bulk Liq. and dry, and Heavy

' Mach. (Heavy Machinery). Some of the commodities had to be left out because of )

their characteristics or due to lack of sufficient data in the records. THe commodities
‘eliminated at this stage were, live stock, trailer-mobile homes, household goods,

grains, feed prcducts, and mail.”

" The final stage of constructing the CFT's consisted in compiling the annual
tt;nnagc fc:f cach category listed ip Table3. From thc- point of keeping the flow
tables simple and objective as mentioned earlier; all insignificartt flows between O-D
pairs were omitted at this stage. CFT's were constructed for each of th€ commodity

éatcgorics. Hence the O-D tables are simply the sum of the pbserved O-D flows

Dij ba( truck and rail for a particular category within the calibration communities
' ]

listed in Table 1. The CFT's for each category is shown in Tables 5 to 10. All the
& - -

T intra-jrips inthe study are equal to zero, i.e., no intra-trips are considered as

we are interested in modeling the external flows from each origin or source.

-

Similarly, the zero flows in each row was replaced by the minimim value-

e

]
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O-D pairs with respect to a sbeciﬁc commodity category. At the modeling(in the

_algorithm) stage the allotment of intra-trips by-the model was avoided by giving a-

largé distance valuqfor the particular origin under consideration.
¢ . r ¢
o - The distances between the O-D pairs are shown in Tables 11 and 12. A
comparison of the CFT's and the distance matrices indicate that majority of the
'comgnoditjr flow occurs from the two major cities Edmontdn and Calgary. Also, it
is interesting to noté ‘that the commodity flows divide between Edmonton and

Calgziry debending on tl;c nearesg source. The summation of the row values in

Tables 5 to 10 are considered as the productioﬁs(Pi's) and the column summation

. for each destination gives the consumption(Cj's); which are used as inputs to the

-~ -

model. "
, r "

v

" Finally, it is to be noted that commodities are produced at a city (source) to

. satisfy the local ¢onsumption and also to meet the demand (consumgption)-in otherl '

towns. Thus, the external component of production is relatively small compared to

vf@‘ . ’ N
" the local component. The local component is not taken into consideration in
. " constructing the O-D table. For thjs reason, the tonnages shown in an O-D table

! may appear to be small quantities.

43. MODEL FORMULATION ’ o

N

Commodity transportation is characterized by the movement of a commodity - )

" from an o}igi;l (sourge) to a destination(sink). The amount of flow depends on the

4"

\ of the row, with the assumption that some flow must have taken place between the -
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amounts of production and consumptic‘m andfa factor that represents the spatial
separation between the prodlfgtion zone and“the‘ consumption zone. In essence, this
can be represented by a gravity model. Since commodities are of several types, the
gpatial separation factor is different for different commodities. The spatial separation
fac;or that best suits the déﬁm;)dity ca.xcgory is the key element in the formulation of
the nodel. Thé‘ quantity of a commodity produced at a place is usually known. The
amount of consumption of a commodity is known or can be estimated for any given
place. A production constrained graviw model is appropria\tc under these

circumstances for distributing the commodity flows.

Suppose we are given Pi, the production of comn;odity for each origin.
" ¢ "

zone i, and Cj the éonsumption of commodity for each destination zone j. The spatial

LY . ¥
"

separation factor is defined by a function of the distance dij between origin zone i
and dcstin\ation’zonc j- In this study Fhe highway distance between the origin and the e
destination is used. If Tij\rcprcscnts the estimated interchang::s between Qrigin and -
destinations, i’t‘ca\ﬁ be expressed by a singly constrained gravity model of the form |
(Wilson, 1970): )

-

T, =A P, C f(d ;) ’ . (41)
—‘ b
This has to satisfy the production constraint: ’
g IT. = P, S SO &)

\ .
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A Therefore, the constant term A; and Tij are givcnﬁy‘: v
. , | R \
A i - - .'.'ll.'I,....Oll..l'.'(‘lsy
i . LC i f(d; ;). . )
y 1d ) - . e ! J .
. ‘ . )
L .
C.f(d..) <. - ' ‘ .
ij = P”i—L—'i-L_ .olo.‘no.oh‘l’lcboo.‘tll'.!iﬁo(‘o‘)
i1C; f(d, j) . . . ‘
j' ) )
v o The next step in the formulation is the deﬁniiipn of the spatial separation
,factor f(dij). A family of power ﬂansforjmatiéns of the type(Draper and Smith, -
) ' ' ’
1981), on a variable Z is introduced at thi§ stage: ,
‘ . N .
. \ . S p . ’ .
L fZ7-1 for A # 0 . ' o
AN _ [ A | S ,
N ‘ hZ fOf Av-'o . '0,0!!0._..10!900'(405)
] q ‘ . .
' This family of transformation.is continuous ‘on a single parameter A if it is b
" Speciﬁed as above. Transformations can be done on Z) instead of ( 7k - /A In J
: - such cases, only a scale difference and an ogigin shift are involved and the basic
‘ nature of the subsequent analysis is unaffected. The tranformations for the case of - 7
- - ' ’ "/
. A # 0 always refer to ZN, . 4
L ’ ” ! ’ . '
AR
S ‘

o
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]

=~

’I‘A Z = d i j : 0000000Iloon).oc.oo...:(ch)

and ZO')= d(‘j) = f(dij) '

BTN

. uno'oooonucnnoo;ou( 4.7)

Substituting Eq. 4.7 in Eq.4. 4;

' 5 ~"(ili), ° ool 48
Tij = .Pi - .‘..0‘.0...?!‘.'..,. | e )
: " ()
) By performing transformation on d',-j( A) , spccié models can be derived.
B 1. Transformation: A = 0 -
"_’—,-'\ 3 ' &\
Substitote for ;%) in Eq. 4.8, using tranformatior for the case A .0:
. S A o
3 . ‘ :_ - s . C j d i j . ' (4.
\Tilj s ﬂi N l ......‘..'.........'. .‘9).‘ v , ' ,
. -‘ Zj Cj - ‘d ij
-~ -
Different models can be obtained by giving specific values for A.
o
ﬂ" ‘ i -
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. the model. S

" and are expected to be simulated most accurately and the zero or negli
" will not be substantially inflated by the model.

4.

2. Transformation: A= 0, | ‘ : " °

Substitute for d;{ M) inEq. 4.8 using tranformation for the case , =0;
< 0

Tij= ¥y —"
® ' .Ej lendij

This is 4 special case of transformation which gives a logarithmic form for

4.4 OBJECTIVE FUCTION v

for the purpose of this thesis is to minimize the spm of the squaf;d deviations as
given by;

MinEiEj (Dij 'Tij)i""' .................. socoses (4.11)

am o

2

. Where, Dj; = the observed interchanges(tons) between origin i and destination j of a

particular commodity;
. Tjj= the estimated interchanges(tons) between origin i and destination j of &
, * 3 o

particular commodity.‘

By minimizing Eq.4.11, the algorithm will effectively minimize the

percentage errors of the largest flows and will keep the deviations of the lowest '

flows within limits. The large flows are of importance to th?(_ra

tion planner

S 7 X 1 S

The objective function chose to calibraté the formlGlated distribution model -
154 ) . .-

Yo
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The objective function is achieved by comparing the observed interchanges
Dj; and the estimated interchangés Pjj using Least Square Method(LSM). The value |
of the coefficent .of determination R2 for he various models 'fo; the different
exponent values of the spatial s;p;ation 'factor in Eq.4.9 are obtained. The
obje;:ﬁve function is’sktis{ied when R2 mgc%hcs a maximum value for a specific

exponent value. This procedure of finding the maximum R2 is explained under the

section calibration of the model. B
45. MODEL CALIBRATION | . ,
‘The values of A can be varied i!l a specified range lk (k=1,2,......,n), of

negtive values, including zero. A specific spatial seperation factor dij Ak and the

corresponding gravity }nodcl can be obtained foroeach value of A'k (A ) is replaced

by Ay in Eq.4.8 to indicate the range:

A
k
. Cj d ij ) ' . f -
(Tij ) k = Pi ) = sesess Oo...lﬁo.oco&oooooo.o(4¢l2),
e gk k=123
i iCidi; |
“ .

In this range of gravity models, only 6ne will givé interchanges (T ij)

closest to the observed inmi:hmgcsDij. The gravity model to suit this criterion can

\I



thre 'R _represents thc optimum condition. The above model is termed as

45 o
be written as follows: p
Ca
lg, )
(Tij)ﬂ, = Pi R —— ..u..............'.........(4.13)
: A - 1< L <n
) . <

optmuzcd gravity modcl in order to avoid any confusxon w1th the standard zravity

¢ - —
* model. .
LB . ‘ .
The spatial scparatxon factor d,]"y, in Eq.4.13 is specific to the gwen
P w

commodity category and thcrefore the optimized model. The optimum value A is

to-be determined for each commodity type within the range A} ." In order to

einphasize this requirement, a notation 'm’ is to be”included in Eq. 4.12 to indicate

the commodity category:
. ‘ ) . 1{("
- C. d. . .
m m "j i :
. ) . _(Tij)k '“ = Pi ) xm X L LAY AT 2 LY YT R Y Y] (4 14)
: . - m k ‘ l,iu ...ll
' . . ,u'npq
) o (,:J“ i .
The optimized gravityw model is therefore given by .
) ' ‘ m
. ‘ l’ﬂ,




obtained. : B .
w v s ’ 3 foA~ .

series of grayityThodels can be obtained. For each gravity model the value of R2 is

46

Let one commodity category be considered and the parameter Ay begivena

specific value, say A .Thcl gravity model for this value}; is as follows:
Q

| A
5 c. a

(T;); = B L T veeseianns (4.16) -\
o ! . "1 . -

~
The notation ' m ' fof commodity type is not included in Eq. 4.16 since the

o

equation rcp/rcscrits only one commodity category. The (Tij)l gives “the matrix

that shows the commodity flows between zone i and zone j when the sbatial

seperation factor assumes a value of dl-jll. The intcrcilangcs in u&(rij)l matrix can

»

be compared with the observed interchanges Dij and the differences cari be -

e -

. - T . S~ &

"LSM is used to compare the interchanges (Tij)l matrix and the observed
- - 4 .

interchaniges Dj; and to obtain the value of the coefficient of determination R2. ‘By
varying the values of Ay in a specified range.of zero and negative 'values, a

/

determined. The values of R? are plotted against the corresponding Ay .. The



values of A, at which the R2 reaches a maximum value is the one that gives the

4 - N

optimum gravity model distn'ﬁﬁtion and also satistfies the objective function in

Eq.4.11. The optimum gravity model is as defined carlier is:-

‘Where '3’ repregepts the optimum condition. Thus, the gravity model is
calibrated by op.timiz.ing, the power parameter ’X. The spatial separation factor dij7L 2
in the optimized gravity model is d.iffchI'lt for the given cor}xmodity type. ‘The above
proced:n'e for optimization is useful because (T and Dij valués are related in a

direct manner(3). The higher the value of R2 for the o‘t(i\mized gravity model, the
3 " o °
better will be the <:alibrauio§y

o

. _ i | | . AN
. . The singly constrained gravity model formulated in Eq.4.1 for estimating -

—— the interchanges between-origin and destinations is a non-linear function of-the

—

I T “

normalizin?ébnstant A;, and the exponent A. In order to achieve the objective

furiction, that is, to minimize the Eq. 4.11 it would be necessary to pro;re that the

_objective function is convex in A, Difficultits deriving the explicit relationship of the
. estimated flows Tj; as a function .of the spatial seperation factor 'cxponent have

<

av

prevented such a proof. However, attempts have been made to prove that the
[ 2 -

- . objective function, sum of squared deviations is convex for possible matrices.

LY

-3
® - . _
.
‘ .

w

T

{

e

/




seperation factor dij""".is shown in Fig. &

Leech | has wiitten the objective function as a edplicit function of the,

“ I . ’

exponent A for a doubly constrained.model with both column and row normalizing

factors(25). He has provcd‘tha't the second derivative of this explicit function is

~c
o

non-negative, proving that the objective function is convg:);c in A, This meéMs that
\ hd Al . . o

,thcrc exists a.zaluc of A for which thc objecive functlon in Eq. 4 i1 has a n'ummum

valuc, meanmg that it is possxblc to estimate the mterché,nges as cIosc to thc

. ' i
observed intcréhangcs fora particd'ltﬁr yalue of A. Thé current calibration procedu%‘e

at

~ ©

attcmpts to the same by ﬁndmg a A value which satlsﬁcs thc Ob]Ci' tive function by
'd

maxlmnzmg R? vilue and thus obtain cstm)ated mterchaﬁgcs as close to the

observed as possible usmg the developed dlstnbutmn modcl. " 4 ‘ff
. . \ Vs

-

As explained in the prcvnous section, O-D tables are dcchOped for the"six

, categone§ of commodmcs shown in Table 3 The 0 D tablc for each commodlty

°

category rs used for the development o{ the graV1ty model The sum of the

‘table is Cj. Yhe distance dij'betwccn ah,origih and destindtion is known. The

Y .
o ¥

‘ Vo U : 4 B é
interchanges (Tij)k can be detcrmincd by ,the model ih Eq.4.12, 'u'sing the P;, Cj

\

]

-

and ‘{IJ values.. The Spatlé.l; separatlon factor dlJ is conmdered as a dccrcasmg

functxon for. grav:ty modcl apphcanons(Zl) A typlcal curve for the Spatxal

-

[N

" quantities in a row of the table is P; . The sum of the qﬁms ina colump of the *

L
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+4.6 EXAMPLE L ' S ' }
../From Table 3 Food stuffs is considered as an example to illustrate the \5

o

., procédiie for the development of the model. A range of negative values from -2.0 -~

L . r ‘ -
s . . |

* to 0.0 is assu}incd for 7\.1; s;nce the spatial seperation fac;pr ( dijkk ) in’gravity

- model is a_decreasing function. In this range, a Speciﬁé value, for example.

. ! 7~ ’ g
- the first value A = -2.0 is assumed and substituted into gravity model given by ‘
© . . oL I's 6
Eq.4. 12. N -

.  The (T};); matrix is obtained using the above formula with known values

* for Py, Cj, and d;;"20. Each cell in the matrix gives the estimated interchanges

o
©

between each origin and destination pair. These intcrg:hangés in (Ti'j) 1 matrix is

©
al A
<

comparcd with the observed interchanges Dijiby regression analysis and the values
. . i i Yo e N
of RZ is obtained by LSM. .The above procedure is repeated for each value of

< -
%

7 Ay in the range of -2.0 to OTO;Lhowevér, the values of P;, C; and d;; remains the

same. The ;ralues of R2 corresponding to the value of A is tabulated as shown in

s N

. .
.,

N -

.~ R
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- . agreement with observed consumptions C;.

- . - N

- ‘Fable 13 for food stuffs,» &hig variation of R2 against A is shown in Fig. 7. The

maximum valug of RZ gives the optimum value for A which is -0.5 for food

stufi’s and this value of the exponent satisfies the objective function. Thus the

r

optimized gravity model for food stuffs can be written as:

t

“ . .
‘ 0.5
. " "V

— C * d- . PO )
(Tij) ‘= P’i . J ! J un-Taulnuo.uun(4.19)’
' -0.5
. /’\.. . .
! 5 € dij

-

Since this is a production constrained gravity model, the productions (P;) of
L X-{: o |

Tij matrix_are identical to the o%sc}ved productions of Dij matrix. Itis found

that the estimated con§urripﬁon values Cj * at the end of the calibration procedu'rq

for the 'Fu matrix of the optimizeci gravify model in Eq.4.19 are in general
e . LY N . . - .

L}

- The pptimized gravity model for each of the commodity categories in -.Tablc‘

3 is determined by the procedure described above. The variations of R? and. 1

- 4

~ against A for each commodity. category is shown in Table 14. A high correlation

coefficient is a most desirable as it indicates that the estimatod?‘lows are high when

"« the observed flows are high and that the estimated flows are low when the observed

flows are low. The correlation coefficient tompares only the relative changes

in two sets of figures. A’ high correlation value in a distribution model is of

- @ -

Iy
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primary interest, because it accurately differentiates I;étwccn the lirg'e and small
flows. Also it determines the degree to which vanablhty in the obscrvod flows is

explamed by the changes in the estimated flows by the model. The ma:umum value

of R2 (optimtim A ) for the six commodity categories are in the range of 0.71 to

0.88. These results indicate that the estimated Of'D interchanges of the optimized

models and the observed O-D matrix are highly comrelated. Thmfo/r:: the optimized
gravity models are acceptable: o ) -

The calibration of the gravity model is further substantiated by Rlotting
'Commodity Haul I:’rcquency Diagram' (CHFI‘)) for the model and the ‘obscrved data
as shown in Fig. 8 ahd making a visual comparison. For this diagram, the distance
is divided into ranges, 0 - 100 km's, 100 - 200 km. ctc. The O-D interchanges jn Tj;
matnx (optimized gravity model) which héve O-D distances in the given range are
adged and ezgprcssed as a per!entagc of total interchanges (total tonnage in the
matrix). This percentage is shown as 'percentage of commodity haul' in Figy. 8.
The percent.agc of comn;odity haul for each range is plotted against the midpoint of

distance in that range. The result is the CHFD as shown in Fig. 8. A similar :
diagran{ is plotted for the observed interchanges Dij . The two diagrams show

general agreement by visual comparision This indicates that the O-D interchanges
given by the optmuzcd gravxty model and- -the observed O-D interchanges are in
general agreemcnt Thus, the calibration of the optnmud gravity model is found
to be sausfactory However, it is to bc noted thatm d&vclopmg the observed

O—D Tables 5 to 10 the zero mtcrchangw between the origin and destinations were

&
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_ rcplaceci by the mirifzum interchange in that particular row. This was done with the

assump_tion that somé quantity of interchange must have taken piacc between the
origin and the destination for that particular commodity category under
consideration. The gravity model allots some tons to all these cells and they alter the
p::rccr;tagc of cqmmodity‘haul in the various ranges. This could besone of the
reason for the discrepancy between the two diagrams in some ranges in Fig' 8. Th;
CHFD s similar to the so ;:aucd Trip Length Frequciicy Diagram' used ifi the
calibration of gravity models (ol/nrban transportatioq planning (21). Therefore,
CHFD'Os can be used to substantiate the calibration of grgvity model for commodity
transpoi‘fﬂtion. o ’ -

L] -

The complete set of 6ptimizcd gravity models for the different commodity

categories are given in Table 15. The R2 vsA aﬁd the commodity haul frequency
diagrams.for the remaining five commodity categories are shown in Figs.9 to 18.

There is a general aggrement between the estimated and the olgscrved flow tons. The

A values for the optimized gravity models vary in the range of -0.25 to -1.0 for

thesix commodity categories. This is significant because it shows that the spatial

seperation factor dijx is different for each commodity cafcgoxy.

o

At this stage it is important to mention that, once the optimum A value is

found, any further attempts to improve the estimated flows by calculating new

consumption values and-conducting iterations (balancing attractions in gravity

model) as suggested by Hutchinson, 1974, did not improve the results (estimated

flows) obtained from the optimized gravity model. Hence the process of iteration to
- / i

A

Y
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~ -
-

unprove the esnmated ﬂows was not pursued The new consumption values for the

next iteration is given by the followmg algonthm(Zl),

. ) C - - .
k k-1 .
- New C. = —— C. ..., veesrrsearnerrertssans veeeer (4.20)
1 k-1 ]
Sj . . ,
. Where, ' , -7 ) ‘ \
- - G " = Consumption value used for iterationk, ’
S = actual consumption total(column summation of Tii-’ i.e, C; ) & :
, . . A )
Cj = desired consumption . g

”

4.7, EXPONENT VARIATION AND MODEL RESULTS

©

y -

The,fundamental question i the calibraiﬁox; process of the developed model
. " . L

is the value of thé power parameter A in the spatial scpérati'on factor dijx. Numerous
studies using the gravity model concept in urban uan§ponaﬁon plannfng(Zl) have
found that the éxponcnt v.ax"icd dépending on the dif%c_rcnt type of trips under
investigation These ﬁ;dings clearly suggest that similar variation may occur, with '
regard to commodity flows, as there are dxffcrcnt types of commodmcs This could
' also be expectcd by tnspecting the difference in volume tranSported in thc O-D tables
in 'I"ables 5 to 10 for each category of commodity.
- The major objectiw;e of a commodity distribution model is to move
commodmcs between points of ongm(sourcc/producnon) and dcstmanon
(smklconsumptxon) such that they approxunatc the observed mtcrchanges(BO) Ifa
model to detcnnmc the valuc of the spaual seperaum oxponént for given commodxty .
category would greatly enhance the efficency of the developed - d}stnbuuon' "

- \

Y
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L~

models(25). If it is posgiblc to identify that there exists a rclation’ between the
cxponctit and certain commodity characteristics, then it will be possible to update the
5tﬁp distn'buiion model over time without repeating the complete calibration.
¢ In the formulatidn of the model the exponent is the only fjaramcter.to be

determined and others may be introduced 1f ncccssary ‘Under some situtations the

’ value of the cxponcnt can be inferred on a pnon grounds(25,30,41). The exponent
| - g will have an cffcct as the number of producnon(souxce/supply) and consymption:
. (sink/dcmand) points increase. Leech(25) took into consideration thé following
hypothetical situations to explain the vanauon in the exponent value.' The most
extreme case is thc case where thc commodity is produccd in a very localized area
due to its unl}zatwn of a local resource or raw material. Assuming that all regions
demand the commodity, thcn 1t would be expected that the distance exponent w1ll be
very close to zero, since there is no other alternative supplier or neargr souce. It is
conceivable that the flows of a highly specialized product could behave in much the -

same way if the production of the product is concentrated in one or two regions.

\ Now, consider a dispersed type of production and consumption, that is, the
casc’ofd many soruces.and many sinks. In this case a large value of the exponent
/"’fé;écs demands to be satisfied as close to the demand points as possible, It 15{‘

/ evid‘cnt from the above reasoning that the ﬂuc'thati‘ons in the gravity models
cxponcnt can be viewed as a function of: 1) the geographical, concentration of

production ; 2) the geographical concentration of consumpnon, 3) the local dcmand

- for the commodity; and 4) characteristics of the oommpdxty such as the value per unit

of weight, commodity etc(25,30). ‘

2

-
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[
~The variation in the value of the exponent in the study ranges from -0.25 to
-1.0 foi the different category of commodities. This difference in‘ the spatial
exponent can largely be due to the concept of potential accessability due to the
difference in commodities and the availibility of many production and consumption
points. Furthermore, the nature of distribution across ihe sclc‘cted communities is
such that the place close to the sources will try to avoid the penalty of long haul by a
gréater degree of local self-sufficency for certain commodities (11). The second

reason is that the difference in the exponent could bc expected, smce the use of a

smglc exponent value for the whole province for all commodmcs taken togetlier may

result in serious over-or under estimation of interchanges.

A,study of commodity flows and spatial seperation factors in Britain are
reported in Chishlom and O'Sullivan, 1'973. In the British study, R2 values for.
7 individual commodity flow models vary from 0.24 to 0.62, whereas in this study

vary from™0.71 to 0.88 as shown in Table 15. The spatial seperation factors range

from dij '9-8 to dij -1.6 for individual commodity'flow models in the British study,

whereas théy vary from d,'j 0.25 dij -1.0 a5 shownin Table15. In the British
¢ L8

study the distance exponent for building materials is -1.6(high) and it is -0.8(low)
for steel,scrap, anud chemicals. The study states that there appears to be a slight
tendency for more highly valued -and processed goods, such as steel, transport
vehicles and equipment and chemicals, to have low exponent value as opposed to
higher exponent values for bulk goods such as coal and coke; and building
materials, but it is not very marked(11). Comparing thes:: results to the results of
this study, 1t is found that the distance exponent for heavy machinary and bulk
liquids and chcrmcals categoncs have - 10(h1gh) and itis -0.25(low) for highly
processed product category petroleum. The values obtained seem to be i m general

-
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‘aggrement with those of the British study.

Black(9) used Eq.2.3 which is similar to Eq4.4, hé tried to estimate the
flow of 24 commodity classes across nine census rcéions in United States of
America. The level of aggmgation he used were better than those used in the British
study and he had more encouraging results(11). His daté was more aggregate
spatially but much more fmcly'diff,crcntiated by commodity categories. He ignored
intra-regio;lal movements sipﬁlar to this study. The variance explained by hi.s.
'mo'dcl's ranécd from 73% for petroleum and coal products to 95% for textile and
leather pro&ucts. "The ¢ e)iponcnt value varied from -‘0.25 (low) for non—elcctrical‘
;ﬂustrial machinery to -5.3(high) for stone, clay, and glass product§. The
,{r;fcrencc was made that the value of the.exponent ranged widely, the general
teridency for more highly processéd goods to have lower exponent values and
bulkier and low value goods fo have higher exponent values. Comparing Black's
result with our exponet values, the following is observed. In our study the highly
proccsscc{ comn;odityrcategory petroleum products has a low exponent value of
-0.25 and bulkier goods such as constructio materials and baggcq products, and
heavy machinary commogiity categories have high exponent value of -1.0. The -
exponent value i'oxj other commodity categories such as general freight, food stuff,
forest .proucts have exponent values bctwce;n~-0.25 and -1.0. The variance
explained by the modcls'ran’gc from 71% for food stuffs ami 88%. for forest .
products. Thus the results presented in thq study are consistent with the results
‘expected for the exponent values taking into consdieration the commodity category.
However it is not possihle toclosely compare the results of studies with so much

bdiffcrence in data and commodx't)" classifications used.
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.The exponent value variation is expected due to the differences in the

= commodity catcgc;ry and the type of data utilized to construct the OD matrix. The

difference in exponent value may also be due to sampling variance. Thus the true

value of the exponent m;y be difficult to find taking into c(msidera.tio'n the
differences in constructing the O<D tables and the commodity category.

,"I'he significant feature -of the methodology used in this study is the

"development of a spatial seperation factor (d,-jx ) that is diferent for each commodity

.

category. The term (Cj d,-jx) represents the accessibility of the commodity at the

- _dcstinaiion. The term Zj Cj dijx feprcsents the total accessability(5) . Thus the
commodity prod:xced at the gi\;en origin is distributed according to the prol;orti‘on of
. accessibility at the given destination in the total accessibility of the entire area. Since
characteristics of commodities transported are different, it is logical to expect
different spatial seperation factors and this gives validity to the modelling proccdurf.
o ' ; 1 .

In this study, distgncc dij between origin and’ dcstinatipn is taken as a
measure of spatial seperatibn. However, other measures, such as transportatic;n
cost, travel time etc. can be used ifxdividually or in some combination. Fortran
computer programs (Computer Program I, Appendix II) have been ;writtcr} for data
processing and for tile computation:'of the optimized gravity model . Standafll
statistical package such as Mini-Tal? have been used to do the least square analysis

e

and generate R2 values for the different iterations during the calibration process.

£

- "t (‘ ‘ .
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4.8. SUMMARY AND CONCLUSIONS
4.8.1. SUMMARY

e \ 58 . .

This study deals with the dcvclop.ment of distribution models for
f&ammddity flows between communities in the province of Alberta, Canacia. The
data base for thls study is obtamed from the cornmodxty flow survey done in 1977
for Alberta Transportatlon Department.. The characteristics of production and
distribution of these commodities to satisfy the demand(consumption) at ‘various
population centres, differ from one commodity to another. This fact has been
rccoéniud in this study and therefore an individual gravity mo::lc_l is developed for

" each commodity category. - The gravity model is calibrated by z;n'opu'miz'ation
" technique which invloves the useof a power function for the spatial separation factor
and regression ana‘llysis. Regression analysis is used to test the agrccmcr; b“etwecl;
estimated O-D interchanges by the model and the observed O-D commodity flows.
The calibration of the gravity models are substantiated by plotﬁ;lg ‘commodity haul

them by visu inspectioﬁ for agreement.

-

frequency di}gram' for the estimated and observed O-D interchanges and co&?paring

A set of optimized gravity models for the various commodity categories
represents the commodity flows bctwccn production ccntrcs(sources) and
consumption centres(smks) in the province of Alberta. Results show that the

optumzed models are acccptable

. 4.8.2. CONCLUSIONS ’ . ,

This study is based on a comprehensive commothy flow survey done in

Alberta which covers the full-range of commeodities and the modes of trafisportation, _.-

. s
e

o e

¢
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The survey data is grouped to specific commodity categories.and a set of O-D tables
have been developed. These O-D tables are the basis for the development of gravity

models. The following are the conclusions of this study:
1. A set of optimizedgravity@ls, one for each commodity category is
~ A* 22y
.. developed to represent the commodity flows on a province wide basis. )
2. The optimized gravity, model for each categéry has a different spatial _
) i )

seperation factor. This factor can be determined by an optimization

technique, which uses power function and regression analysis.

3. Similar to the "Trip Length Frequency Diagram', the 'Commodity Haul
Frequency Diagram' can be used to check the agreement between the |
estimated and observed flows. ' .

"~

4. The results show that the above models are acceptable and that they are

consistent with_those cxpegted’ﬁo?ihaily for commodity transportation

models. = B
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<

“MODAL SPLIT ANALYSIS AND MODELS

5.1. INTRODUCTION o 7 ’
' Q3

0

) Modal split is the process of dividing commodity niovemc'nts among
competing modes. Modal split models are constructed to aid in forecasting the
demand for a particular mode. There are two very important reasons why modal

3 . . : _—-

split analysis and models are necessary. Firstly, it could be a market research,

. where itis intended to establish the importance of various factors in choice of mode.

-

Sccondlx," the analysis can be for fomcuﬁn;, where the objective is to forecast -

future demand for.different modcs"for planning purposes. The market rescarch type
analysis could establish the existing bc!lavioural factors lyin§ behind the obscl:vzd
distribution of traffic. Under forecasting it may be sufficient to establish that certain
commoditics or certain consiénmcnt weights are sent by a specific mode. From the
péiné of the planner an& operator, it is necessary to know why certain commodities

are sent by competing transi)ort modes(33,34,35).

T4

Modal split analysis %d modeling are basically carried out as only partof a-

global ffbrcca’uiﬁg exercises and cannot be seperated from traffic generation,
attraction, and distribution, because all thrcc react upon each other. For example if
large flows develop ubon 5 particular route, this may encourage the use of a

particular type of transport, whilst the development of & particular type of transport

might affect the traffic flows. Similarly, the introduction of a new and efficient

mode can affect planf location,in turn this affects the txa?sport demand. Therefore it

b




_ ‘ature of the gicmcommodity transport services. Therefore it is necessary to

- 'this'proccss. _Understanding mode choice is also in the interest of modémo

. is evideny/that there is inter-dependence of the entire system of traffic generation,’

o
0

tio, distribition afd modal split. “.,

{

-~

- » <

' The mode choice phcnomcnon'ha§ a véry com;ilcx character because of the

understand.and ide the fundamental relaﬁops in the mqde choice procéss
togéthcr with other decision arcas in;tllxc o.rganlization. of productior} inputs and the
organizatic;n' of distribution of finished gopds; Ifl: is possible,to d'étemly'nc these
fundamental relations between mé mode choice pr_qcés'sxand other relevant decision
] ar‘éqs‘ an explanation rﬁay be given for the actual observed mode split behaviour and

the changes that may be ;mticiphted on the basis of certain e){ogcneous variables in

" management where decisions-in the logistical area are becoming more-and more P

inwg;atéd with decisions in the production-and distribution area. .. . . '

A

movements across the prvince and to bigﬂd suit@blgmodal split xhodcl(s). The first

phasé of the study dca,l\* with the identificatic;n of the major carriers in the

transportation of fominédiﬁes in the pr:ovinc‘e of Albérta, Canada. The factors taken  *

in to consideration are ﬂlc avcragcsypmé‘nt size, doni’rol(ycs or no), loads(full load,

" . less than full 1o.ad);‘ hire(private or for-hire), and type of cam{nodiiy. For modal

split analysi$ Cross Tabs packagelwas' \iséd(Comi)utcr Program IT, Appendix II).

*
d

.
s ' & -

“~ : In the second phase of the moifal split study the data is collapsed to form
. ) , o
F i -
¢ - ‘ N . )
P A ; ‘ $ ' -

The main objectivgof this study is to recdgnize the pattern of commodity

L4

3\."



multidimensional contingency tables to develop log-linear models which assist in

uncovering association between the variables. After a suitable log-linear model is
selected, secondary analysis is perf(;rhcd ;1sin‘g the logit model to obtain a table of
log-odd effects from .which it is possible to determine the influence of the
explanatory variables on 4 désigﬂawdi'psponse variable. The désigﬁatcd icsponse
| vanablc is the 'mode’ of transport and all other vanablcs are tréated as explanatory
variables. From the models developed 1t is possxble to dctcrrmnc the percentage .

share- of each mode and also identify the commodlty being transported across the

-

) provmcc@ oy _ -
~ 2. COMMODITY MOVEMENTS ACROSS ALBERTA

N

The 7,493 mtemew records of both shlppers and consignees ‘were
used.The detalled descnptlon of*the data is gwcn in chapter 3. Thcre were 1 318
\shlppcrs and-6, 175 conmgnecs data there were very few missing data as ‘pmpared

to_ the total length of the record. 'I‘np analys;s deals with the modal choice of large ’

]
communities(> 16,000 population) to small communities(< 300 population).
. ’ o o o

L

. 52.1. Analysns of Commodlty Flow. | )
: } P .
In previous studiéspf modal-split analysis, weight and distance have been
used largely to identify general trends in modal share (6,34). In this study, average
'shipment size has Been used along with other important factors. The type of -

o

r
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N
comn;odity transported by each mode has not been identified under previous studies,

and this analysis attempts to identify the major commodities carried by various

. modes under different average shipment size catég%ries and the limitation of each

mode to carry commodities. Aily peculiarities in commodity flow are also
recogm'zed: \
X

The survcy data essentially gives the regular flow of commodxty bctwecn

ongms and dcsnnanons For the purpose bf modal share analysis, the data of

shippers and consignees were combined, and it is not expected to have any impact,

~ as.we are interested only in dctcrmining the mode choicc (31). The obvious

/ +

e,
vy
hxmtatxons of this analysis are confined to the fact that several other factors which

may influence mode selection are %mxttcd due to nop-availghi ity of such data.and
some of the factors-not considered may not have much impact in conductmg this
ﬁ'articular type of analysis. 43

: ’
5.2.2. - Average shipment Size and aommodity '/I‘ype

~

“The first two factors cbnsidcred in recognizing the modal split across the
province are average shipment size and commodity type, as classified under major

éommodity code. The survey data contained the annual tonnage and average

shipment size in #ons for cach commodity ﬂow Tdble 4 shows the dlstnbutlon_oL

cargo movements by avcragc shipment size and the cight modes used fqr
transportating commodities across. the province. It is evident from the table that
. A ‘

commodities are carried exclusively by truck and rail. In view of this, only



truck and rail modes are discussed in detail with occasional reference to other

modes. There were also some exceptions to the above obscrvatlon A close look at
the oommodmes shlpped under various catcgones helped to 1dennfy the commodmcs
and any peculiarities in shipment.

= s

*

T4ble 16 shows the various m’gjbr commodity groups, average shipment

size and the modes selected. Trucks carry exclusively all goods under average

shibmcnt size below 30 tons. Under this category, rail moves a very small’

pcrceiﬁage of specific commodities, such as general freight, heavy machinery, metal
. products and construcj'tion materials. Tpacks are- :xclusivcly used for moving all
food commodities under all average shipment size categories. The use of trucks to
ncarry all commodities under most average shipmcrit size category indicates the
perception of shippers and their choice over rail, which is the only clbécst competitor

among all other modes. As the average shipment size increases above 30 tons, the

rail mode is 'used more frequently to transport specific commodities as shown in

Table 16. Few of the commodities whxch are lransportcd by both truck and rail are
in the rmddle range of 20 to 40 tons of avcragc shipment size.
¥ ‘ )
Petroleum products are transported by truck, rail, pipe and marine. Pipe
mode is used exclusively to transpogt betrolc’um products. -Bus mode is used for
)

average shipment less than one ton for commodities such as general frcight, heavy

machinery, and metal products. Air mode is used for shipping general freight, food :

non- pcnshables and food pcnshables under two tons of avcragc shxpmcnt size.

Other modes, as mentioned in Table 4, are used exclusively to move general freight

[ 'vm



< dh

65

. under average shipment size of  ton.

a/

The average shipment size clearly indicates the preference fora pai"ticular

LY

mode and the identification of the commodities transpoftcd substantiates this
. ° ,

observation. In concluding the preference for a particular mode, one should
consider the number of flows under each mode and the average shipment size
category. As the average shipment size increases above 30 tons, tlg: number of

¢

flows reduce considerably. ' -

523, Full Lo and Léss Than Full Load | ‘ ~

Full load (FL)) and less than full load (LTFL) plays an important role in the
rates chérgcd, invesn;lcnt in terminals, specialized pickup sel;\}ice, and delivery
equipments Slgmﬁcantly, the FL transportation costs are always much lower than

LTFL, an important economic factor for the shipper. The proﬁt margins on FL are -

> much narrower than those for LTFL. Alsc LTFL requires specialization r;n the

regional market delivery. It is to be noted that FL and LTFL markets are differentin
several critical aspects. Thus many of the carriers icientify themselves as either FL

or LTFL carriers. From previous studies, it has been seen that truck carries

‘commodities fc;r less than 500 miles, and rail carries c'ommoglities for much larger .'

distances(12). . j

-

! »

Il
"w

Tablc 17 shows thc dlsd'lbuuon of commodities by load. In case of wuck
mode, there are 55.3% LTFL and 447% FL, indicating that u'ucksarcuhhzcd

e S

-




mgre for LTFL. The large LTFL movements by trucks indicate that commodities are

moved over shorter distances, which is the qharactcriétic of LTFL business. The
oi)posite is true in case of rail mode, 90.5% of all ship'mcnts are FL and onl): 9.5%
is LTFL, indicating the use of the rail mode for FL and that the c’ommodities are
carried ove;' larger distances. Also the use of trucks for LTHT and rail for FL can be
explained from the dominance of each mode over different average shipment gize.
Trucks are exclusively used tggtransport lower average shipment size, and most of
ihesc shipments (2,330) are less ‘tilan 1 ton and are LTFL as shown in Table 18. 'As

the average shipment size increases, trucks and rail are used for full load shipments.

e

e

Table 18 clearly indicates the preference of shippers mode of: chéigc with

respect to average shifment size and loads. Table 19 illustrates the distribution of

commodiﬁe§ by commodity type, average shipment size and loads.v. A few of the

commodities that arc‘prg}ominantly sent under LTFL: are gcncrél freight, food

cammodities, heavy machinery, metal products, petro products, forest products and
construction materials. o : |

- ) \

The classification of commodities distribution according to FL and LTFL

indicates clearly that shippers consider ccénomy in terms of transportation cost,

average shipment size and distance travelled in making their modal choice. Few of

the commodities, such as gcneral freight, food pcrlshablcs, food non- pcnshables,

' pcu'olcum products, construction material, etc., whxch are supplied regularly and

those which ¢ome under lower average shxpmcnt size, are sent -as LTFL indicating

2 !

the intra-provincial movement of essential commodities.

\

\



’5.2:4. Private and For-Hire

Commodities are carried by ¢ither owned (private) or of other (for-hire)

carriers. The size and structure of the Cag;adian trucking industry is very large. In
private trucking as the name implies, the transportation of commodities is done
p;ivatcly or in owned vehicles. For-hire trucking/ is defined ﬁés carriers who

_ transport commodities for compensation (paiymcntj, cither for gcnerﬂ public or for
shippers (12). The above broad definition of private and for-hire' éivcs essentially
the gliffcmncc between the two typ;zs of carriérs. The vast'majority of private
carriers are extensively regional.For-hire trucking carry commodities for larger
distances and can'y'r'rmch greater éapacity'. This could benpossibly; due to the type;f
vehicle used, usua!ly the private carriers use straight trucks 4nd for-hire use

| ) p:
’ suited for larger distances.

. Table 26 illustrates the distribution of commodities by classifications, mode
j and hire. As cxpccted, there were more commodity movement by private carriers
™ \ {79.62%) than for-hire (20.38%) . The greater use of private carriers indicates that
o | ' thcrc are more local or regional flows over shortcr distances. ' In gene;ral private
. carriers are involved'in short or medium distance and for-hn'e in long distancc travel.
. Thereisno proof that one grbup carrier is speclahzedm the transportahon of a
pa’rﬁcular commodity(12). The commoditics that seem to be predominantly
transported by for-hire includes gcncral freight, food commodities, and pcu'olcum

products. : . !

’

tractor-trailer which have much larger capacity than straight trucks and are more .

8



Table 21 ;hows the distribution of commodities by mode, load and hire. It

is intcrcsting to note that there are more LTFL (55.8%) by both private and for-hire

carriers, indicating the use of trucks exclusively for LTFL. There is need for more

smd} to substantiate many of the observations under type of loading (FL or LTFL)

and the role of private and for-hire carriers.
5.2.5. Selection of Mode by Control .

7 The survey contained a question asking the shipper or consignee if they
decided how the commodity is to be shipped. That is by which mode the commiodity
has to be transported. They indicated the type of control tiley had by marking 'ycs"

© or 'no’ on the survey forms. Table 22 shows the percentage of mbdc selection by

control. Truck mode is used for 2742(41.5%) Shipments with ‘control,

3867(58.5%) shipments without control. Rail is used for 146(30.9%) shipments
]

with control and 327(69.1%) shipments without control. Trucks are used largely |

for shipments of lower avcraéc shipment size whﬁh are LTFL and are primarily

- transported by using private carriers. 'Whereas rail is used for shipments of higher

¢

average shipment size and are generally full loads.

. This substantiates observations in previous sections as to the selection of a -

mode and that'shippers consider economy in transporting goods. Bus and other

modes ate used to transpori sothe portion of their total shipments whose average )

shipment size are less than 1 or 2 tons. The decision as to the selection of a mode are

based on various factors which are perceived as importmit and advantageous in -

-



" transporting goods. The control factor gives an insight'i'nto, the decision‘i}laking

" process of shipper or consignee as to the selection of a mode.

I'4
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83, LOG-LINEAR AND LOGIT MODELS. .~ - :
5.3.1. Contmgency Tables

o

In transportamn planning most of the data is collected through survey or ,,

questionnaires . "This data can be categorized, depending on the objective of thg:_
study, to obtain frequency counts. When this data is cross;classiﬁcd according to
their constituent frequency counts, b‘ley form 2 contingency table. When three or
more variables are cmss-classiﬁc;i, the induced table is called a multidimensional

contingency table(7,13).

‘Let A and B be two variables w1th Iand J levels (dlffercnt categories)

rcspecuvcly Thcy can bc cross-classxficd to form an I X I table . The data in each

cell are rcpresented by the frequency counté x,J where i=1,2....1 and j=12....3. .

. Table23 is calleda 2 X 2 contjngcncy ta le, for variables,A with A,‘ and A levels |

" o

and B with By and B levels (i=j=1,2). o L)
r \
f
RN
R
S ‘
-used measure of association Z: called cross product ratio o odds ratio. Pij
L  repoesens the e probabliy ofan observtion fllingincelif) in Table 23. Let




1

Pj1,P12, P21, and P99 represent the true probabilities of an obscrvati\on falling in

cell(i,j). The ratio Py dividqd by P; 5 is the odds(probability) of falling in the first

. . P
column conditional to being in the first row. The odds ratio is represented’by ©,

which is the relative odds for the two rows(7,13,16,17).

L3

The cross product ratio or odds ratio is defined by Eq. 5.1. The range of

values for O lies between 0 and co. The logarithﬁx of the odds ratio is called

logodds and it is used because of its mathematical convenience. The logarithm of

odds ratio ranges between + oo and - oo, Hence ® becomes symmetric in the

£

sense that two values of 6, say 8, and 6, such that In 6, = -In 8, represents the

‘same degree of association but in opposite directions. This property is used in

developing the log-linear and logit models.

-~

The test of dny model is its ability to fit the data and dssist in interpreting the

'rciationships between the variables. In selecting the best model for a given set of
* " data using log-linear model, pa;shnoﬁy, goodness of fit, éqd ihterpretability have to
"be checked. Parsimony refers to having as few variables as QOssiblé in the médcls
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without losing the goodness of fit. Goodness of fit represents the ability of the
model to provide estimated cell counts that are close to observed da.tz}. Finally the v
model sh_ould‘bé able to explain thc physical process observed, or an csfablisﬁad
theory(5). J

/

. A . .
In order to understand tiic association between the two variables, a

log-linear model can be used. The log-linear models are a class of mathematical
models designed to uncover associations that exist in contingency tables. If m;;

denotes the expected frequency associated with cell (i,j) for a sample of n

* dbservations, the saturated log-linear'model for the two variables-with I and J levels

4

is written as:

Mgy e et eeteesenareseaeens (52)

TS TR TR
=Ry )

. ¢
with constraints

| zi uA(i )=szﬂ(i)= }.'.i B aggij) = zjumj) 20 e e (523)

The parameters on the right hand side are called p terms. They can be

interpreted by using an analogy to the analysis of variance: L ~
a
h\fni. . < )
= Eij—iu P : vevereeveerens(D.4)

¢



respéctively.

- 172 .
: ) ]
Inm,
s _ iy
p’A(i)_zi( 7 Yo B e s e e ae sees (5.5)
~ ,\'
- lnmi. ) :
) = l ——'! - ) /-ocuncuncoo-....un-u-ouuunnou XX IXITIEI) .
RO R ‘ s l$.6)
. HAB(ID=lnmu .,uA(i)“uRj)-"u ' u(uou':lu"olnlucu\"unulnuc}licn(5|7) ‘

The speclﬁc constraint unposed on the interaction. terms 1 AB(IJ)’ i=1,2,. I

and j=1, 2,..J shows that d-nx ﬁ -1) mdcpendcnt paramctcrs are rcqulrcd to

fully account for association in an I X J table. Since I=J=2 in the example, it

requires.only one parameter .

This is seen immediately from the relations:

hd - N . s

...5.8)

»

bsan™ Man” Meay ~Fases

L

based on thc constramts imposed on the modcl given by Eq. 5.1 Similarly the
same could be cxtendcd for three variables A,B, and C with I, J and K levels

3

The saturated model is expressed by:

lnmijk= "J’“A( )+u%)+ Rowy* &l“m) qum “ncuk)“"A qu) . ,,(59)

o
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The higher order jL terms can be interpreted as measuring deviations from
lower order | terms. For example, to compute HAB(j) it necessitates first to

compute K, | Adi)’ and HB(j)- This study considers Jog-linear models that satisfy the ‘

. hierarchy principal. The hierarchy principal stipulates that the inclusion of p AB(ij)

ina model means that HA () and KB() would also appear since they are lower order

™ ‘ .
{ terms of HAB(j) On the other hand if RAG) = 0 and HB(j) = 0, then HAB(ij)

must be zero(7,13).
]

A model that contains all the jL terms is called a saturated, full or complete
model as in Eqs.5.2 and 5.9. From the criteria _é)f parsimony the p terms which do
not alter the goodness of t:it can be eliminated and this helps in simplifying the model
structure. Then the attention focuses on selecting the best unsaturated model in

which certain {1 terms are set cqual to zero. For example in the unsaturated model

[AB][BC], AC(ik) = 0. The [AB][BC] model for three variables A,B, and C

. y d
means that conditional on B, A and C are independent, and this also implies that the

associations of A with B and B with C are included in the model.

o

*

5.3.2. Log-Likelihood Ratio

-

The best unsaturated model is-selected on the basis of likelihood ratio i

statistic denoted by G2. This is given by:

2 . ' xi . )
G =2X xIn(x) PR P (5.10)
- i ;ﬁi' : 1

[

e TN 2 .- - = = ~ fE= ==
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Whére .Xj is the cell count and f; is the expected value. G2 is

- asymptotically chi-square with degrees of freedom dependent on which uﬂsaturated
hierarchical model is selected. The preference for us’ing a G2 statistic is based
pﬁmaﬁfy on certain partitiﬁning pré;;\qrﬁcs that are useful in comparing two
unsaturated models. Usually the most ;:d;rlpﬁcatéd unsanx;'atcd model is chosen anid -
the unwante& M terms are removed by backward elumnatnon, that is by movmg
towards selectmg lower order models(7 13 17) R

Y
X

" " 533.Logit Model L (

X

~—
. The log-linear model is useful only in dctcrxmxung the a:.socxanon among

the vanables and the model does not make any dxstmctmn betwecn the vanables In
order to investigate the nature of the cffccts_the explanatory vanablcs haye on‘a
designated rc“§ponsc (dependent) variable it is necessary to construct a lcz‘git model,
{_~ev . The procedure is to first s.c’t, a suitable unsaturated 18g-linear model, then the |

. secondary analysis is conducted using a logit model.

3 : - .
S o The logit model is constructed to obtain ldg odds which aids in
understanding thé nature and the changes in‘thc combined levels of the ciplanatory '
- variables.” The log odds can be better understood by an example. Consﬁer the three
+ variables A,B, and C, in which yarigblc C is designated as the response vaﬁéblc . :;;
having two levels (k=l;2). It is required for the model to givé, Qae log odw one T ’ '}
.level when E=l with respelt to the other when k=2 of the response varfable, on the

basis of the explanatory xariablcs A and B which also can h;we different levels
(7,13,17). - : : ¢

e

\
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Thus log odds can be interpreted as an indicator to select a specific category of

explanatory variables when the level of the response variable is given.

L4
o

. The logit model is deduced from the selegted unsaturated log-linear model
' o«

for the above three variables example described earlier as follows. Let the best
parsimonious log-lfnear model seiected be [AB]J[AC] indicating ‘”B(,Z(ik) =0. The :

log-linear model for this selected unsaturated model basoil on Eq. 5.9 is:

4

hmufp+p

A(i)'+ "EJ’)+ "cm+ uAB( ij)+ uAC(ik) vrnnevenrrnnnnnnnes(3.11)
. The corrosponding logit model is defined by: 0
) B r
. ‘ ‘ , ,
. m . é .
i = —-Ll = —‘( - - - - >~.
bogt; = In( myy) 1 H By Ha) + g g+ By = bero) ;
. "[“AB(jj)‘“AB(i,)]*[”Ac'(n)‘“Ach SRR . 8 V)|
. $
%
By eliminating terms,
n -
10311 ij= HJ'C(])— uLC(Z)] + ['lAC(“)_ u’A*qIZ] ' ereveciise b '(5'1 3)

-’ w
2 . . ,

s

from Eq. 5.8; the following are obtained:
P '

Moy = He2) 2 Baginy T Haci 2y L.
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=< Substituting ) ' . E

) logtU chm AC(:!)] Crerreerntenssensneeanissnssnes seeneneo( 5.1 4)
. - ’ .
loglt ij = W+ wAC, . et (5.15)
Where, . )

W =2uc(iy WASH = 2acan)

The bar over the superscripted-variable identifies that variable for which thie

.odds pcrtain to. in this example the odds pertain té the variable C with two levels

k=1 and k—2 The p terms from wh1ch the'W terms- are dcduced are available as part
of the output The W terms can be convcrtcd into gn odds rauo which in turn can
be convgted into proportions using the method suggested by Berkson(8).

o ——

5.3.4, Example -

From a preliminary observation of tie data, it has been found that the -

" selection of the mode s related to the type of load and hire. The three variables
. considered are (L) loads -full load or lcs than full load(i= ,,2) (H) Hire -private or

for-hire £j=1,2), and (M) Modes -truck and rail* 1,2) . Al the three variables
ha% two lcvcls.rTable 24 'shows the data on 7039 frcight flow records
crossclassified on the basis of these variables with their constituent frequency




7

counits. Load and hire are considered as explanatory variab_les‘with mode of

transport designated as the response variable for the logit model.

~2N

The saturated log-linear model is given by:

R T

- -

mmnk‘"*“m) )t M(x)*“lmij)-*"m,-n‘*“mm"“mijk) - (5:16).

- Table 25 shows the possible combination of unsaturated'log-linear models .

M, to M;7 as obtained from the computer output and two good fitting models

indicatcd by asterisks(*) are selccted for a level of s}ghiﬁcancc a = 0.0S. It is

necessary to select the ‘best-fitting' model out of thc two selected models. For this,
purpose, the likelihood'ratio stansnc G? in Eq 5 10 is used.

The [LH][LMJ[EIM], model M;7 (where 1y pqmik) = 0) is compared with

[LM][HM], model M 5 (where RLHG) = 0) by making the followin@om'putation.

les )

M”) -G* (M”) -6%Mp) =0770.62=0.15 sl

‘ -

<.

Since (32 (MIS’MH) 015 < x 095 1 3.841, this mdxcatcs that

there is no substanual dxffcmncc in fit between the two modcls Howcvcr from the



..,

e

¥

w

¥ + 1
point of parsimony, the model with fewer variables‘is selected. Therefore, the

[LMI(HM] model My is chosen and the extra [LH] term s deleted.”
% g ) \ i
L
'I!hxs mo}lel mcludcs the association of ‘loads' and ‘hire’ mdmdually with

modes and this association indicates that sclcctmﬁi of mod? is relatcd to both loads

and hxre The log-linear form for the selected unsaturatcd model [LM][HM] is

given by. - ) -

o,
e B R+ R+ uM(k;+ Moot Mgy« e .......... (5.18)

The sccond part of the modclmg is to construct a suitable logit mod¢l and to
chelop a table of leg odds to understand how changes in the combméd levels of
cxplanatory variables affect the response variable. The log-linear form for th‘:c

selected model is as represented in Eq, 5.17.

The logit model is defined by:

-

ij2

* -

Due to constraifts imposed o;; interaction terms, ‘ .
N . b IR - - ..
R N
Hacry = ""M(z)’“mﬁl)"'"w(”r“m(j1)“7,”HM(12) )

m.. "
At = .—IE «= {1l .

&
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Therefore,
bgit i ZmMU )+ Riviny* uHM(m] (520)
/ 1
and thus, ' . .
_ LM - HM, : )
Jogitj; = W + W + Wa o e (5.21)
e . J—
oW T m

where,W =2 M(1)’ Wi =2 LM (@i1), and v‘V(j) =2 HM(j1)

1

and the bar over the superscripted variable identifies the variablé to which the odds

+ ® )
refer. In this-example the odds pertain to modes that have two levels k=1 (truck)

and k=2 (rail). The p te}ms fron; which nthc W terms can_be )computed are ;i:taincd
as part of the out'put from many standard statistical package pré:grms.. For this .~
. analysis, the BMDP-4F computer stafistical)péckage (Computer l;’rogra‘m I,
* Appendix Ilj is used. | |

" Table 26 shows the cstima/eci effects and logité obtairied far the selected

[uﬁ‘Ji‘i{M] model. The W term is -positive for LTFL as compam& toFL, indicating A
that trucks are preferred more often than rail for LTFL's. Thc odds ratlo for cither i
truck or rail for a particular combination ofioad and hire can be calculatcd using the - - -
' W terms: Thus for FL (1~1) and LTFL (i=2) Wlth type of hire as private (j=1) and‘
Yo / .,.j“ "“:a'-. o , .



for-hire (j=2) from Table 26-and Eq. 5,20:
' N a . ° . ) i ’
\ : @;-bgi;ij=m<-ﬁdﬂ) =4.798-1.24- 1862 1698 ......ieesrcemerrennc s (5.220)

«

logit m(.m..!_)~4784+124 186 4164 e (5220
2jl1 . . ) o .
] o ' -

I

.‘} ".‘ J
'[hc odds ratio is defined as .

s
:
—~~
w
%)
(XY
N

L e, B
OddsRatio=¢ “‘1--‘1—'-41

o . M;i2 - ]
Odds Ratio (FL) = ¢l698 = s46 .~ N (5.243)
- . ’ o . . ‘ : Y . o i

: Odds Ratio (LTFL) = ¢+164 -"64.3 ertemeeseesan (5.24).

»
[y

The odds ratio can be interprcied as, f9r FL trqcks Are prcfcrrcd 5 tjincs o et
more than rail and far LTFL, trucks are prefered 64 times more than rail, negiecting . o
the decimals. ’ T~ | ‘ |

N N | ) ' The odds rauo is convertcd into & proportion. usmg thc transformauon
o suggestedbyBerkson(1944)as o e [ - ’

9.. = —— | ._..................’........:.......'...(5.25)

o R lj . w“j o
l+e N ' .
. ' 2
3 e .
v
4 o
[ ‘
. " . , .
o __'_,,/_ ~
1] . -' ’ , ) s \’
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thus for FL, . - : . _ /
-7 546 T C :
f:"lj “Tr - ~0.84.. .
for LTFL, . o L
. 6432 °
By~ Trerm <0

——

‘The goodncss of fit for the selected modcl can/ be vcnﬁed {rom the
standardized residuals for the modcl ‘ defined as,
! . — . - ) /
" Stndadized Residuls o Derved V;f‘:‘d“ii s o < (5.26) Lo
N ’
.
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- explain the, physiéal proécss obscrved In Table 24 it is observed that‘trucks

dommatc over raxl in both classes of loads, and thc model substant;ates thlS .

: obscrvatmn

- 54, ( ANALYSIS OF MODE SELECTION

-

. Different models were developcd in ordcr to dctcrnune the association and

mﬂucncc of explanatory va‘nablc(s) alone or together with other vanable(s) having

dlffercnt levels on the selection of a mode. Tablc 28 lists the different modcls -

. sclcctcd bascd on thc procedure cxplamcd It has to be.noted that the odds effcct

could vary with the number of variable(s) and levels of the variable(s) used jn
building these models. Model M1 in Table 28 refers to the [LM] [H]Vﬂmedc} ) '
described under model building-procedure. The standardized residuals for this model

are shown inTable 27 whjch ;aﬁgc from -0.3 to 0.2 and are within acccpgdble limits -

(7,13,17).

The questionnaire to the shippers asked" if they decided the mode of

_transport for a commédity‘. In this analysis, this is called a control factor. The-

. shipper would indicate his control by "yes" or ?) on the survey foﬁns.'. It is of
interest to determine the preference for a mode knowing the type of control the
shipper has in- transportmg the commodities. Model M2 (Table 28) is the sclccted
unsaturated modcl [CL][CM][bM] where (C) is control - yes or no (i=1 2), (L) is
. load - FL or LTFL (1-1,2) and (M) is modes - tmck or rail (k=1,2). The data,

_degrees of freedom, ar:d estimated effects for this model are show?: in Tables 29, 550
and 31 rcspecnvcly The model mdlcatcs the associationof 'control" and 'load'

‘control' and ‘mod¢’, and 'load' and mode that is mode selection depends on

-

4

- %

-

3



‘ This model gives aq insightinto the. dwlsgo makx& proocss ylecung a mode

-and indicates that economy is’ considcreqb shippers in selectirfg a particular mode

>

1oL

_control and Joad type. The W tcrm s positive for N6’ in this model indicating that.
“truck mode is preferréd by receivers ahd that the shlpmcnts arc generally asked to be

sent by t.ruck mode. From this model it is csnmatqd that 91.3% of shxppcrs who

) answcrcd ycs (havmg control) and\99. 26% of shippers who answered 'no'

(havmg no comrol) prefer trucks for FL\ Similarly 83.7% shippers with ‘control ahd

98.5% shxppers thhout control would p cfer trucks for LTFL Thcsc mfcrcnces

can also be made durmg prchmmary analysis by plottmg the~log1ts for the data used

4n developing thc models as shown in Figure 19. The preference for truck mode
- ? .

scems to be hlgher with control (yes) for

that the prcfcrcncc for trucks thh LTFLi more dramatic whcn compared to FL.

A

" in transporting commodities. The standardized residuals are as shown in Table 32,

ranges from -0.5 to 0.2.

Model M3 is d‘cveioped to s‘tuc_ly th? r.clation and the influence of gverage
shipment size and loads on the preférence for a mode. In constructing this model,
avcragé shipment size up to téns oﬁly are cdnsidcred Modj! M3 (Table 28) is
reprcsented by [SL][SM][LM] where (S)is shxpment size - ranging from less ,t{a_n N

ton to 60 tons (i=1,2... ll) (L) is load FL or LTFL(_)al 2), and (M) is modes’

~truck or ra1l (k=1,2). The dam dcgrccs of frccdom, and csnmatcd effects for thns

mo‘&d 1 are shown m Tables 33 34 and’:BS rcspcctnvely The modél includes thc-

relanon bcthcn sne and. 'load', sxze and modc ,and 'load' and: modc,,

th types of loading. Also it is observed.

indicating that average shipment size of thc commiodity and typc of 1oad have *

b . N
3 . ' . f (

P
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influence in the selection of amode. As ¢xpected, the W tetms are positive in Table

! 3 . . . v
35 for average shipment.size up to 30 tons indicating the preference fgr truck mode

in this range. The W terms, aré negative for average shipment size above 30 tons,

- indicatfng that rail modc ‘1'§ preferred at iliéhcr avétagé shipment size. °$im;'13rly the .

w .tcrms'-for FL and LTFL indicate the prcfc{gpccfor'é particular mode given the
type of load. The W termis positive, in Table 35 for LTFL for tnicks’, indicating the
px'cfcrencc for trucks undcr thxs category Tablc 36 shows the modc preferencc by

proportions for FL and LTFL undes different avcragc ‘shipment sizes. Trucks totally "

dominate the movcment of commodmcs under less than 30 tons -of average
shlpmcnt size for both FL and LTFL. They capture almost 100% of the market

sharc in the LTFL for average shipment size lcss than 30 tons. The standardized

.rcs:dua}s,are shown in Table 37, they range from -O:3 to 1.9, with the.exception

. : N
‘of one value which’is 2.1 for rail mode under LTFL category and_ is within

acceptable range (7,13,17). ‘ .

o e

Y

r The 1dcrmﬁcanon of thé drffcrent types of commodmes by various modcs is
indeed difficult as there are scveral types of commodnnqs and it is one of the major

arcé? where urbin and commoc}1§1es transportation planmng differ. The large

number of commodities complicates the problem of identification. "Thc major

‘ commodity classiﬁéaﬁons in Table 2 are considered for idcntiﬁcatlon and they are

) cxpectcd to cover most of the different of commodmcs transported across the

provmcc The 1d¢nnficatxon of.the type of commodlty nges a clcar mdxcatggn about - ‘

thd pn:fcmncc for a modc, gwcn thc commodnty characteristics and type of load.

.

P



<

\

_ Modcl M4 (Table 28) is represented by [KLJ[KM][LM] where (K) is

commodity typ€ - major‘commodity classifications considered are-

- 15(i=1.2,.....,15), (L) is load FL or LTFL (j=1,2), and (M) modes -truck or rail

(k=1,2). The data, degrees of freedom, and estimated effects for thls model gre
_shown in Tables 38,39 and 40 respectwely. The model mcludqs the relation

between type of goods and "load’, 'goods and 'mode’, and ‘load' and 'mode’
mtﬂ(:atmg that the type of commodmes and Ioads have influence in mclecnon of
maqde, ) l- ~ # ‘

: ° S - ~

*The sign of W terms in this- model helped to identify the preference fora
particular mode given the classiﬁcé’tien of the commodity. The W terms are hcﬁi@e
- in Table :10 for some of the major commodities such as general freight, heavy
machihery, metal products, bulk:liquids, bulk dry, forest products and feed
! products, mdicsﬁng that both u'uék and rail mode are preferred in transporting them.
Thxs observation is well supportcd by the rick mode prOportlons, as shown in
Table 41, obtamed for the model with Flj:: LTFL As expected, only a small
percentage of the FL market for transporung the prevxously listed commodmes is
.shared by rail mode. A similar gbservation 1s made in modéthl (Table 28)
repnescnted by [LM][HM] where one of the conclusxons drawn i is that undcr FL'the
ral.l shares a small percentage in the movemcnt of commodities. From Tables 36 and

41 the proportions for trucks with LTFL indicate that tmcks are exclusively used

- in transponmg an types of commodmes under different average shipment sizes. It

is also observed that commodmes such as food non- perishables, food penshables,
petroleum products, and hvestock, are transported by .trucks under both FL and

3

. LTFL. This could be expected since the movements are all i?provinci‘al and the
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N . : .
K mean distance, travelled is little over 600 kilometers between the O-D pairs. The - °

standardized residualSYor this r'r%odcl is shown in Table 42, ranges between -1.9 to

’

. 1.0,
Y .
‘-; . / ] “ r

Distance is considered as an important parameter in modal split‘analysis It

’ e1s uscd as spatial seperation factor in the devclopment of dlsmbutmn models,

" particularly in gravity model. The type of mode used is highly mﬂuenced by the,

distance the commodity is to be transported as seen from the ca:'11;r modal split
analysis(4,2‘},29). The utilization of truck or rail taking into consideratiesthe type

.of commodity to be tfanspon@d and its'average shipement size, distance between the

origin and destination is an ir.nportant factor considered by the transporter. The

scalc:,cuon of private or for-hire is influenced by the distance. Similarly, the cost of
transportatmn is tied with thc dlstancc the commodlty is to be'carried. Model M5

(Table 28) is rc_prescntzd by [DK]KM]{DM] . Where, (D) is the distance between

_ origin and dcstinatior; in kilometers (i=1,2,3,4); (K) is the six commodity category
\ ( = 112,3,4:5,6) shown in Table 3; (M) modes - truck or rail (k=1,2). For this,
model dcvclopmcnt 1927 O-D pairs were considered and distance is categorised into

four ranges(0-200,201-400,401,600, and >600) as indicated i Table 45. The G2,
degreeg of freedom and, estimated effects for this model are shown in Table 43 and-

44. “This model includes the relationship between 'di’sta:nce' and 'commodity ',

‘commodity’ and ‘mode’, z;nd 'distance' and 'mode’ indicating that the s;:lccﬁoxi 'of
mode is dependent on the distance and commodity transported.

-

: \ _
The sign of the W terms in this model in Table 44 are both positive and .

L4 ’ — b

L7 e
N
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ncghtive, indicating that the selection of mode is dependent on both distance and the

c‘c)mmodity transported. Table 45 shows thc.propf)rtion of trucks used in-

transporting the six categories of commodities. From the table it is ¢vident thoat > '

trucks are exclusivel);' used to transport commodities across the proviriqm The

standadized residuals for this model are shown in Table 46, ranges between -0.7 and

1.9, with the exception of two values wﬁich are ‘2.3 rar{d 2.4 (7,13). \
: a . .

5.5. SUMMARY AND CONCLUSIONS ' ‘

5.5.1. SUMMARY"

’

This study of modal split analysis has shown the extent to Wthh some
1dcnt1ﬁcd facto;s can be used for explaining the selection of a parucular mode to
transport commodigies. "The idcntif\Eation of the dominant quc(s) aids in making

.‘ useful-decisions about future m‘quimmcms ihﬁthé provincial transportationnctygrk. \
Some of the factors have not t{cen used in similar previous studies. Although a
many other factors could be considered in doiﬁg zi‘nalysis of th;s nature, _v
unfortunatcly thcy -are omxtted due to the non-availability of such dafa ‘Also

collection of commodxty data has not yet been standardized and collected in the same ’ .

manner as passenger data.
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This modchng has prcscntcd a comprehensive and statistically™ credlb(
mcthod by which the vast data ncccssary for commodity transportation planning can
be analyzod using mult:dqncnswnal contingency tables. The log-linear model aeds in

_understanding the assocxatxons among the variables. Whereas the mﬂuencc of

sclcctcd explanatory variables over a design ).ted response variable could~be studied
by using a logit model.’ 'I‘hls method facilitates in selecting vanablcs for modal Spllt

models and 1mstudymg the ~mflue:ncc of variables alone or together with other
~ ° -
variables.

s\: s -

L)
There are two major advantages in using logit models. The first is that the

estimated ﬁrobabil,ity (proportiqn) of mo<(ie choice always lies within the range of 0

tol. The secand is that the sum of the probabilities of the choice of each of the

* mode alternatives is equal to one . From the analysis it is observed that the selection

»

of a mode is a functfon of s&vcrél facto“r‘s\s}xch as the average shipment size, type of
_ ’5‘ad, hire, control, and t&pe of commodity. The signs ofethe W terms in logit

models are very useful in uncovering. the complex relationships that may exisg

among the explanatory variables and designated response variables having»différent

levels, which js particularly true in the case of commodity transportation. .

. \ ‘ T a N
N - : . :
552. CONCLUSIONS

The following are the main conclusions of this study:

(pomts of consumpnon) or both facilitates the collection of the Tiecessary

. commiodity data b?x;temcwmg either shlppers or conslgnees during the

/ o . °
survey. . T

1. The identiﬁcation of places into sources (points of produ'étion), sinks -
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The average shipment size and commodity type give an indication as to the

selection of a mode. Trucks and rail dominate the movement of all

commodities. Rail shares'a very small percentage in the movement of .

. specific commodities above 30 tons.

The ‘classificati‘on of commodity distribution by FL or LTFL
helps.jo recognize that shippers con:sidcr the economy in terms of
tran%)ortation’cost. aver;ge shipment size, and distance in choosing a
modc Trucks carry more LTFL and rail carry more FL, and vice vesa.
'I'lus mdlcatcs the different characteristics displayed by the two modes

A

. There afe more commodities carried by_ private cﬁcts than for;hirc. The
greaterlusc of private carriers for transporting L indicates the largc
movement of commodities within thé provincM:Ln sources and smks
The significant mqvemc‘nt of c;)mmodiﬁcs by LTFL mdlcatcs the demang
for this service in the regional matket sector.
, ) - o
. .
The control factor gives an insight into the preference anq the decision
plakirig process in shipping different comimodities; dcpcnfiir;g on the
" average shipment size and otpcr"factors pefccivcd‘ as important by the
shipper or consignee. ~ : 4 ‘

There is very limited use o{ all other modes isted in Table 4. The Pxpclmc

mode is uscd cxcluslvcly for the movcmcnt ‘of pctroleum products Air

.
N ‘"

%

»

L

T A
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10.

11

12.

-13.

- Itig difficult to say from this analysis if the market of rail mode will

%'
mode is used mostly for LTFL., with average shipment size less than 2 tons.
Marine mode is used occasionally at gighcf the average shipmentsize to
move general. freight; petroleum products; and forest products.. The bus
and other modes are generally used to move few specific commoditicsolcss

than 2 tons of average shipment size.

%

The log-linear and logit model methodology suggcstc& is a statistically valid ,

tool for analyzing the vast commodity data necessary for uansf)6ftation

'plannmg and in studymg the assoclauon of variables and their influence on a

designdted rcsponsc variable. - A ..

The models developed give an insight into the pi':fcrcnce for a mode based

on a set of explnatory variables at different Ic\zcls:

4 ’ 1Y

Thc proportions estimated u)smg loglt models help to determq\e the

percentage share of d:ffcrcnt modes and the model helps to 1dcnt1fy the
commodmcs shared ty dlfferent modcs

‘o

e ¥

The dominance of truck mode over all ;)ihér modes is clearly evident from
the analysis. One could expect an mcreasc in market share for trucks in
carrying specific commodities over largcr avcragc sh:pmcnt size 1f there are
any significant changes i in the vehicle size and Wclght in the near future

*
£

" increase. It will depend entirely on the pcrccp't'ion of shippers or consignec.v; ‘

as to the cconom): and reliability of this mode.
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CHAPTER 6.: APPLICATION OF DEVELOPED MODELS
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~ The first major reason for the movements of commodities arises from the fact that -

-

| "« CHAPTER 6
L@ APPLICATION OF DEVELOPED MODELS

A
s - .
N -

< . :
6.1. INTRODUCTION ' ¢

- The study of intra-provincial commodity flow has emerged due to the Yesult
of increasing trade and commodify flows within the provincial boundaries. The

objectives of these studies are to explam the rationale behind mtxa-provuucal trade,

there exists natural differénces in the a.vai}ability “of resources bctwcen regions.
Primarily the economic forces make the flow of commodities between two regions,

this inspite of the spatial seperation between them. The geographical imbalance and

the wide variation of commodity requirement necessitites planning if the

commedities are to be distributed equally and efficiently to all regions across the
province. Thus planning models are necessary with optima} forecasting ca}:abiliﬁes.
The model must be able to simulate the observed flows so that the existing
* transportation structures in the network can be unprovcd for greater efficiency. An
intra-. provincial dlstnbutxon model would have directwse for regional planncrs It

¢
would enable them to pro_;ect future commodaty ﬂows on the intra-provincial hnks

i

and study the impact on regional economic growth(33,34,35). - -

The demand for transportation is a derived demand. The flow of-

. commoditics exists becw production and consumpt.ion do not occur at the sarhe

place for most commodmcs The charactct of the commodxty flows of any rchon

dcpcnds on the charactcnsncs of the producers and consumm of thc commodmcs

1



and the spatial separation betweén them.  Any chadge in the socio’-cconor’r;io
characteristics of a place will have an impact on the patterst of flow. The flow of
commodities is accomplished ,’by ‘thc transportation sys’tcm, which’ mus;t be
sufficiently variable to provide the spcci}ic rcquircmenté' asbociatcd with the
movement of any commodity. The exd;emc complexity of the commodity flow is
due to the unique fransportation requircmcr:ts associated with each commodity type.
Fxrms usually tend.to minimize their costs for any given service. The pattern of
modal share throughout a region W1ll depend on the pa.ttcm of dcmand for\
,commodmes. In other words the demand for various types of transporbatxon

services will depend on-the specific mix of comymodities for which the services are

L4

‘ rcquired. Thus, any attempt to forecast t—r—anportation needs for a region must be. -

based on anticipated flows of d_ifférent oommodities throughout the region(11). \

Table 1 gi%s the list of selected communi.tics with size-(city, town , and

~  village), population range, ‘and the cconormc basc of the communmcs An
examination of the pattcrn of producnon and consumption based on thc above '
factors are good predictors of the zonal commodity requ;rcmcnt at thc aggrcgatc

- leyel. ’ In Table 1 there are a few smaller cities and two major cmcs Edmonton and

* Calgary More than 50 % of the population is situated in these two cities out of a
total population of a little over 2 million. The smaller cities such as Camrose, Fort -

\ McMurray, Grand Pramc, LethBridge, Medicine Hat, Loyd Minister and RcdDeer
act as regional ¢ dlsmbunon centres (RDC). Now, consxdcr the distances of the sinks
(demand points) from the RDC's and the two maJor cities, the distribution of |
commodmes takes place from the nearest source as expected. Thls is furthcr _

substanuated by v1sual inspection of the O-D commodity flow tables for the six

]
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categories given in Tables 5 to 10. The flow of commodities from Edmonton and
- Calgary are very largc as compared to the ﬂoﬁv of commoditie; from all other

ongms Also, it is mtcrcstmg toiote that the flows divide between Edmonton and

Calgary depending or the distance. from cach other to thc "demand: points. The.

cenclusion that could be drawn from thc above obscrvatxons is that from studying

the commumty charactcnstxcs and the dxstancc form the nearest sourcc, gnVcs an

indication as to the direction of flow of trqfﬁc in the provmc1a1 nctw_ork.

.
~

~

pairs. Thls c.ould bc accomphshed to-a certain degrec by chcckmg the major

;

economic base at thc region. The major CCOHOITUC base of thie selected commumtlcs

“, _are given in Tablc 1. This factor gives a good idea as to the type of commod:ty ﬂow

e —.

cxpcctcd on 2 particular linkage. Thc 1dcnt1ﬁcat10n of places into sources, and smks
e as mdxoated\ in Flg 4 facilitates in. collectmg necessary data by mtcrwewin g exther

shlppcrs or consignees dependmg on the type of commumty

N

r\ BN
» P

most accurately the larger flows within the system. That is the pianr_:cr is interested .

in 'i’dcn?ifying the network where large tonnages are carried. These paths réprcsem

the areas where increased transportaﬁon efficiency will have to be implemented. A

L

attcntmn wﬂl be drawn in that mgxon Also,,lt is necessary that the dcveloped modcl
be able to replicate smaller flows w1thout mﬂatmg thcm toa vcry large cxtcnt, $O as

to avoxd dlsunhty of available resources.in the transportatxon network.

r

Thc dxstnbutron model constructed in this study is based on observed tons

& t

, of ﬂow betwccn O-D pairs. Before developmg the dxsmbutwn models , the

The next step is to 1dent1fy the typc of commodity flow between the O-D.

For a transport planner it is necessary that the calibrated models stimulate -

distribution modcl ‘must be able to simulaté these large ﬂows so that the planner’s

‘-

o
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comm‘?{ty clas51ficat10n in Table 2 were condensed to*form six commodity

\v

catcgmes as shown in Tablé 3. The commodity categories were achieved by .

gr pmg commodmcs of similar charactcnsncs The dcvclopcd optimized gravity

SN /rhodel is as defined-in Eq. 4.15 . A set of optmuud gravxty models are constructcd

for each commothy catgory in Table 3 and are shown i m Table 15.

The results of the calibration process of the dcvc'lopcd‘ model has been tested

by diffcrcnt meéthods such as, correlation coefficient, coefficent of determination,
and.cgmmodlty haul frcq\xe;ncy diagram All these tests have proven that the

dcveloped modcls dre capablc of dupl;catmg the intra- proumcml commodity flow

‘given rchablc data Take for example tﬁe’%orrclanon cocffxclent between thc

estimated and thc observed flaws. They rangc from a low of 0.84 for Food Stuffs

. 10 0.93 for Forest and Heavy Maéhincry Thcsc hig'h values indicate that a great

of gravity model. . It is a fact thaf the gra\nty model conccpt creates cross-shipménts

! follow the frequency dxagram of the obscrvcd flows. o ”

deal of the vanaﬁon in thc‘ésnmated flows is explained by variations in the actual
flows chce, 1t can safely bc assumcd that thc cstlmated flows arc“low when

the actual flows are low and the csumated ﬂows are larg€ whcn thc actual flows are

large. - The same could be sdid about the hlgh R2 valucs obtguncd for the opmuzed_,,

AN

24

ondition This is substantiated by the c()mmodity haul ffcqucncy diagrams for the * - -

‘s1x commodlty categoncs shown in Flgs 10 12,14, 16 and 18 Herc, we observe .
that thc frcqucncy dxagram of the cstimatcd ﬂows for alPthe commodities generally \

LW

Some of thc dxscrcpency in the commodxty haul frequency dxagrarn can be

'ducctly atmbutcd to the data, and the cross-shxpmcnts mhcrcmly created by the use’ <

t
\

- s
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“ between all origin and destinations' For éxamplc if a-destination has regeived anY’

commodity from any ongm the model will invariably predict that it will receive

commodmps from all the other origins in the\glcommodxty flow matrix. In real

-

ﬁwo‘rld situations, cross-shipments do occur, Put not as much as in the gravity model.

From the above arguments it is reasonable to assume that the developed

,gmodels are capable of simulating the 1ntra-provIncxal commodlty ﬂows prov1ded

rchablc data input is used. The transportatlon planner could depend: on the
L dlstnbutlon pattern given by the model.

2

' The next s

total flows agrofs the proyince using a dlstnbuuon model is to understand the modal -

split betwéen the s. It is important to know the movcnggnt of commodmes
by different m 50, that esnmates may bc made of the traffic demands on the

transportation network. From Table 4 it is evident that the donunatmg modes of

 in transportation planning after being able to distribute thc )

transportauon in the province )are the truck and rail mode. A closer look at the ‘

available data revealed that trucks complctcly dommate the movement of all typcs of

commodities across the provmcc undcr all categones of loads (FL or LTFL),

(private or for-hlre), and control (ycs or no). Rail is only significant at very largc

. averagc shipment smc and 18 used to transport bulk materials over largc dxstanccs
The majonty of the commodities below 30 tons are cxcluswely carried by trucks{
and-these loads can be either FL. or LTFL. Tables 16 to 22 Show the modal spht
across the province with respect to various parameters.

N

The results of the selected log-linear and logit models in Table 28

N
)

\ .

O

gt
)
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modal ‘share among compctmg modes with different levels of the parameters.

o Cons1dcr Table 41; whrch gives the mode prcfcrcncc by-commodity classifications

_recorded.

\/—%
and loads (FL or LTFL). It is observed that trucks dominate the movement of
commodities under both types of loacis 'i’hc W-terms of thc logit model in Table 40

help to 1dcnt1fy thc spgcrﬁc commodities shamd by the competing modes, here truck '
r 3
and rail. As expected the most commonly shared commodities by truck and rail are

| ‘Genegral freight, Heavy machinery, Metal products, Bulk quurdst Bulk Dry, and

Forest Products. v ’ N ¢
v .' \
62 APPLICATION OF THE DEVELOPED MODELS ~ "*

. A -

‘Application of ‘the developed distribution and modal split mi)'d'cls is

' illustrated in the follow.ing section with respect to the stages of transport model

dcvcippcmcnt as shown in Frg 3a. This study is concerned with the trip dlstnbutlon

and moqlal split stagcs of the transport modclmg The trip gcncratlon ‘'stage was

conductch by the Alberta Transportation Departmcnt In this stage data that were

required to develop the O-D matrix were collected as discussed in Chapters 3 and 4.
. L . . . ‘L » , A . . ) B .

Consxdcrmg thc the drsthbutron stagc of transport modclmg the follong ’

stcps are necessary to use the devcloped optimized distribution models.

Step 1. First it is necessary to obtain interchanges(tons) between idéntified 6n'gin‘

o
and destinations for different commodity categories ‘across, the province under the

trip generation stage. Also, the modes used to transport "the’goods are-to be

-

“
‘
N
' \
-
- .-
. -,
.
. .

, substantiates these above obserVa‘tions' and also aid in calculating the percentage of '
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) Stép’z This involveé the dcvcldpmﬁ‘it of the.observed O-D matrix(Commodity Flow

Tables) for cach of the commodnty catggory At thls:stage it is necessary to decide
which mode or thodes combinations wﬂl be used in dcvclopmg the O-Dvmatrix has
to bc decided. The mtcrchangcs are entered in the commodxty ﬂpw table églls as
shown in Tables 5to 10. In this study the actual annual tonnage of ;hjpmgnt
betweerr origin and dcmmauons are used in the CFT's. . J

Step 3: It is necessary to determine the basis for estimating the spahal seperation
factor. In this study. the highway distance between the origin and destination is'used
as the sgacial s.cpc'rafion factor. The distance matrix are developed :;s shown in

Tables 11 and 12, ) .

Step 4‘ From the developed O-D matnx the input values such as the P;'s and C 'S

are obtained. The d;;

ij values are obtamcd from the dlstancc matrix. The only input

’ ’nccqssary at this stage is the exponent value of the spatial separation factor dij-

!

Step 5:,Selecting an appropnatc exponent value A to use in thc dlsmbunon model. .
This could be donc by trial and error procedure. - The exponcnt values to be used in
this study range from -2.0 to 0.0 with increments of 9:25 as shown gablc 14.
Step 6; For example let us tonsider one commodity category namely food stuffs.
thej purpose here is to estimatc the interchanges bctwcci: origin and destination s .
from the developed optumzed model for food stuffs shown in Tablcl 5.
Step 7 The ppnnuzed gravity modcl for food stuffs is gwcn by:

‘ S d-o 5 <
« (T =B L edin(6.1)
: B N B
# Xj Cj dl] , ‘ ?
4 #+
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In this model the cxpor‘erit value is found to be equal to -0.5 satisfying the objectivc-

. function used in Eq.4.11. The procedure for determing the optimum expo;lent

value is given in chapter 4 under calibration procedure. | ' ~
. ~g

Table 47 shows g's'timatcd interchanges as determined using the model in

-, n? N .. . .
Eq.6.1 for few of the destinations with-Edmonton and Calgary as-origins. Thus
. bg
using the optimized gravity models in Table 15 for each commodity category it is -

possible to developsestimated O-D matrices. From the calibration procedure and

“objective function adopted in Chapter 4, the estimated interchanges will be close to

the observed interchanges for the optimized gravity models.

* -~

The third stage of the transport modeling is the modal split. At this stage the

estimated flows from the optimized.gravity models dre to be distributed among

competing modes. The ‘modal split models constructed using logit models can be
used to distribute the estimated interchanges.
For example, consider the modal split model [DK][KM][DM] in Table 28.‘

This model contains parameters distance(D), commodity ‘category(K), and

modes(M). In this model xﬁpdes is the dependent variable, commodity category and
R S oy

distance are the explanatory variables. Using the logit model as described under

- [~
* Chapter 5 it is possible to determine the modal share proportion between truck and
. .

rail. The modal share proportions are* given in Table 45 for the various distance
ranges and commc;dity catcgor';s. Using these proportions, the estimated
interchanges can be divided among the competing modes truck and rail in the
province. The estimated interchanges are divided between truck and rail according
to the modal share prbportions; obtiancfa, for the [DK][KM][DI:&] , the

commodity category and the

1]

-

. N
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distance rangiz alsb considered in using the proportions. The estimated ‘tirps are
in Table 47 for food stuffs. ‘
N\ ‘ .

The last stage in the cicvle/opmcnt of transport model is traffic assignment.

divided as sh

s

This could be achieved by drawing desire line diagrams of the estimated

“interchanges along with the modal share on each link as shown in Fig. 20. The

desire lines drawn in Fig. 20 shows the estimated interchanges and the modal share

for food stuffs. Such desire line diagrams can be drawn for all the commodities in

© order to understand the pattern of commodity movements across. the, province using

the develoed disuibu:ﬁon and modal split models.

- ) )
B f}\

‘ - For traffic assignment, the estimated interchanges could be cor]‘vcrtcd into

number of trips along each link knowing the average shipment size carried by each

mode. Thus the developed optimized grivity models and modal split models aid in

constructing desire line diagrams for the various commodity categories actoss the

province . The desire line diagrams thus drawn are précﬁcal tools to understand the !

, pattem of commodity movements across the province. )
— : ' L
- —_— . o *

" The major problem in commodity transportation planning is the availibility

. of reliable data. Even though the provinces are-responsible for highway system, the ~

.development of forecasting techniques and data bases specifically dealing wit{x
commodity movements by highwdy and railv?ay sg;stcm hag been 'slow to con;;. In
most provinces, the collection of truck traffic flow data, and the passenger vehicles
data are combined, but not as seperate data set(34,35,36). The truck data pro’ﬁlerq is
due to the inability to easily s‘;pcratc autonllobilicseand“u'uc'ks‘when using automatic

Y trafﬁc-countir?g equipment(and the consequent necessary to count and classify qucks

be

k5

-~
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v

manually), has mitigated against developing seperate data'b#scs for trucks and.
automobiles. The lack of commodity flow’ data pértaini;; to truck and rail
movements is particularly critical to developing a\c;mmodity forcqastihg
model(34,35,36). It becomes importantJ to use existing data resources, since the
avalibility of adequate dta from govémment and other resources is unlikely. In most
provinces, future truck volumes are forecast as a percentage of aggregate traffic
volumes for both exi.éting and proposed facilities usir_lg'_histdrical data(36). Thus
forecasts are made using trend extensions raEher than by tz;king into consideration the
observed commodity flows with present economiic activities.

"The distrib:ition and modal split models developed in this study can be
- | applied to other provinces if simialr data as collected by Alberta Transportation is

.wavailable. Thé main inputs to the distribution model are the P;s, C;'s and the djj's.

In this study the acutal tonnage is used to devleop the.O-D matrix for the distribution
model. In case of the modal split models, the methodlogy can be used with
. parameters perceived to be important for modal share across the province and

= develop suitable modal spliymodels depending on the data and requirements. The

problem that may be faced ift ysing the distribution model is the value of the spatial
J ' l v . \ t

'~

separation facwr~exp<;nénf A} The optimiza‘cd gravity models can, he directly gs:d in
another province provided that the observed O-D matrix in the other province is
\ similar in nature with respect tobom?ﬁodity category and dimensions of the matrix,
l, Thus it is possible to utilize the methodology in this study in developing distribution
and modal split models for other provinces.

-
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CHAPTER7 .
.. SUMMARY, CONCLUSJONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH

-

7.1. SUMMARY AND CONCLUSIONS

€

In transportation planning, there are four major stages. They -are trip

generation, trip distribution, modal split, and trip assignment as shown in Fig.3a.

_ This study is concerned with the trip distribution and modal split stages of

. ” )

commodity transportation planning. The data collection done by Alberta
. .- . SN Al

Transportation comes un&e{ trip generation, and hence that stage was not

considered, except for checking the data and using it for further analysis. The last

~

stage; namely trip assignment was not considercd’%{ there was not sufficent data

available at the present time to conduct such a study.

The main data set available for analysis is bas&on the corﬁx?\odity flow

survey conducted by Al“berta Transportation in 1977. There are 18 mgjor
commodity cldssifications-with several minor c}assiﬁca;ions‘. For this reason, the ‘

the éata is well structured to contain almost all of the commodities being tranpbtted

at an reasonably aggregate level. The fact that 1977 data is us;'cd should not make

" much difference, 'bccaunsc it is assumed that spatial distribution of population centres

and 'mvcsu;;ént in transportiot} facilities are stable over long periods(11). Also, the

change in successive governments as it happens most often li;vc difﬁcult;' in

implemgnting major changes m afl sectors of a uanspoﬂatioh‘\tc‘ni. Anothé}.

important reason why this data was ug:ed for the analysis was, that no other
e /7 o s . o

L]

&



commodity flow ‘data as this was nof ayailablé for this type of study.” Conducting
' comr;lpdity flow survey of this magnitude requires large 'man power and funds.
Thus the tesults of this study are valid evc;\ though a decade has passed(11).

e
~

Chapter 4 deals with the commodity distribution models. -A set of optimized
\ gravity models, one for each category of commodity is proposed to represent the

commodity flow withig the province of Alberta. In this study only the

intra-provincical commodity movements are considered. The O-D commaodity flow

tables are developed l?y ‘categorizing the commodities %o fnanageablc si'zc by

combining. commodities with similar characteristics. The O-D tables were
B S C o o,
_ ~constructed by considering the modes of transport, origin and destination pairs, * -

commodity categories, and th\q observed annual tonnage. The develop;d O-D tables

are the basis for the developement of optimized gravity models for commodity |

flows. A power function and LSM are used as thc'o'p!inﬁz;xtion technique.

AN L}

The developed models use distance between the O-D pairs as. spéti\al\\

sepafation factor. Eaeh of the six commodity categoﬁes has a different spatial

scperaﬁbrf factor. A commodity haul frequency diagram is drawn to combarc the

—'—cstxmatcd and obscrved flow tons A vrsual mspecnon o“ thc graphs_shows

. that there isa gcncral agreement thh thc estimated and observed ﬂows The results

of tlus study show that the devcloped optimized grav1ty ‘models: am consmtcnt with
the results expected normally obtamed for commodxty transportanon modcls The
calibration ygpcedure adopted in this study has a p_otcnnal for further apphcanons in
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the development of commodity distribution models.

Chapter 5 deals with the next stage of. tran@ortatibn planning, that is the
modal s.ﬁlit analysis and models. I chaptc? 4 the commodities were distributed
across the provmce using a distribution model, the ncxt question was to detcn?unc .
how these commodmcs are transportcd across the provmcc? This study was
conducted in two stages. The first stage consisted of modal spht analysx; of the
commodity fiow survey data and the sécond stage co'rlsists{’of éonsu'upting models. -

" l 1]

'I:l'ic modal split analysis of- Eomr;iodity f'low“surlvcy data was carried out
with respec't‘ to miajor carriers. The study analyses the role of major carriers in the
disiributic;n ‘lof commodities 'within the provincc The factors used are average
shipment size, type of commodlty, control (yes or no), loads (FL or LTFL), and ,
hire (private or for-hlrc) and the distdnce between O-D pairs. Some of the factors. ,
used in this study have not been used m, previous studies of this nature. ‘This modal
split analysis clearly showed that thc;'e exists a definite pattern in the'movément of -

cbmmodxty across the province by different modes. As cxpcctcd truck and rall

-dommated over all other modes. The role of each modc is well dcﬁncd with rcspect ’

o various factors. Fot: example, tmchs as private carriers were used to transport

majonty of LTFL whose average shxpmcnt sxzc is.less than 30 tons. Rail is used to

. lnmsport FL of spccxﬁc commadmcs whose average shipemt size are above 30 tons.

The othcr modes carncd insignificant percentage of commodities as compared to
&
truck and rail mode. -
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In the.second stage modal split models were c;bnstructed‘;xsir;g log-liqear
and -logit models. The main. objective of this study is to.propose a fnorc
comprehensive and étatigtically credible method to analyze the vast data required in
transportation planning. Ii involves the application of standard statistical
t‘cchniqugs s;xch as the log-linc_arr and'logit models. The data are collapsed to form
milltidimcnsional' cpntingcncy tables in ’ordér to develop these models. The
lqg-ﬁnc& m&cls helps to understand the associatibns; z;mong the variables, whereas ‘
the inﬂuc;icc of selected explantory variables over a designated response variable.
From the developed models, it is observed that the selection of a n;éde_ is a function

1

of several factors. The.signs of the W-terms in the logit models are used to uncover

complex relationships that may exist among the explanatory variables and the ,

designated response variable (&endent variable) at different levels.

. Chapter 6 deals with the appliéabglity of the developed distribution and
modal split models in commodity transportation planning. The distribution model

‘has proved that it is capable of distributing the commodity interchanges (tons).

between origin (source) and desintation (sink) using the optimized gravity model '

1)
category. The results of the dist:ributign are checked using standard statistical tests

technique. There is a different spatiai seperation factor d.; A for each commodity

and by dr;fving the commodity haul frequency diagram. Similarly the modal split

analysis and modal split models are useful in assigning the commodities to different

modes, here tfuck and rail. The proportion of haulagc\in each link by a particular

mode ¢an be calculated 'lmqwing various factors such as the distance between the

- 4 :

0

/
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origin /and dcstinations, thc\cor;lmb,c'lity category, etc. Thus it .is féasible‘ to
distﬁbg{c the. commodity interchanges m;gngsgcct tq‘c'liffcrent"modcs‘ ivithin the
pro.vinc; using the developed models. The reliability of .the data uscd for this
algalysis is des‘crii)cd ih Chapter 3. ' |

»
K4

The major conclusions of this study to the transportation "ylanncr are the

following: . - ' ‘
s | . T . ) h .

- f . i

1. A set of optimized gravity models, one for each type of commodity catcgoi')'} is

" developed to represent the commodity flows on a province wide basis. Each '

developed model has a unique spatial seperation factor dij A, The optimum valixc

»

for A is determined by an’ optir{ﬁzaﬁqn technique, which uses power function and

least squre method. ' ' »

¢ " hd

2. The .value of the spatial scpcra;tion factor exponent A varies from a lov]v value of

-0. 25(low) for hlgh}y processed commodlty petroleum products and -1 O(hxgh) for
bulkier commodities such as heavy machinery and bagged products These valucs

,‘ are consistent with the cxponcnt values of other researchers in similar studies.

3. The distribution models have. variance ranging from 71% far food stuffs - and

88% for forest proudct& indicating a high degree of reliability in thc dcvclopcd

-

models. : . A ’ - -
4. From thc commodity haul frcqucncy dlagrams it is evident that the dcvcloped
models are capable of duplicating the observed flows. Also, between 60 and 70 %

of the interchanges in the province take place between 100 and 400 kilometers.
~ . . -

@
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5. The cahbratwn of the dcvcloped modcls usmg the optu'mzatlon tochmquc has

potcntxal for furthcr ap_phcahons R '

6 Tnféks carry cxclus&vcly all commodltics undcr average shlpmcnt size below 30

' tons Rail carry commodmcs whose average shlpmcnt size is above 30 tons.

7. Trucks carried 88.2% of all commodmcs, with 6. 5% by "rail and the rest shared
by all other mc*cs , o

8. Trucks carned 55. 3% of all léss than full loads and 44.7% of full load across the
provmcc Rail carried 9 5% of less thap full load and 90.5% of all full loads.

9. Private vehicles were usedfor all regional movements of commodities with a high -

percentage of 79.26 . Whereas 20.74% all moyements were by for-hire.

. 10, Truck n‘lodc is used 41.5% shipments with contrbl, '58.5% shipments withoﬁg

control.  Rail is used for 30.9% of all shipments with control, and 69.1% ’
‘ . ¢ v ‘ P ° *
shipments without control. .

[ ~ e
- vV

- 11. Rail shares-a very small percentage of the/scrvice market and is used to move N

specific commodity gatcgory of heavy loads gver longcr distance¥. There is very
limited use of all other modes. ' '

12.  The signs of the W-terms in logit modcl dre usd{ul in uncovermg complex ,
relationships that may exist among the cxplanatory vanables and a designated ‘
variable ;dcpancdt) haviné‘ different levels. V

13. The modal split propomons obtained from the modcls is useful to assign the
A

. .percentage shaiof commodlty transponed by different modes.

14. Finally, the developed distribution and modal- spht models are q?ﬁfﬂl to

- commodity transportation planners in desire linc diagrams and in understanding the

pattern of distriubtion of comodities across the province along with the modal share

oh each fink for - partiuclar commoditiy category.‘ ' | 2

. . B
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7.2.. RECOMMENDATIONS FOR FUTURE RESEARCH
., ’ ¢ ’ ’ - ) . ) . . ) ’

There is always a search Tor improvi'qg' an existing ‘s'ystcm, ‘especially it is

true in transportation. Long range planning is a} essential ingredient in advancing =

the tranportanon efﬁcnency in the transportanon net work However, such planning

w:th rcspcct to commodxty ﬂows have been hampered by lack of data. Commodxty

transportation has been growing at a rapid pace due to the xmgratxon of people to

new places and also the increase in population. This continuous growth has put a

new strain on the national and regional planr-lcrs. Considgring these facts, there is a .

v

need for further research in the followmg areas w1th respect to commodity
\ \

transportatlon plannmg ’ ' ' o

1y
\

(1). Itis nccessary to develop a standard commoduy data collection formit smnlar

to the one adopted in urban t{ansportatlon plannmg for better understandmg of

-. Commodity movements and for dcvelopmg reliable forecasting models. Also, the

characteristics of different commodities should be determined and catcgorizcd to

p———,

<

reduce them into manageable sizc for analysis and modeling. The models should be .

constructed for the commodxty or commodmes in qucsnon
(2). Research into staustlcal vahdatmn of devcloped O-D tables are to be conducted.

Methods to compare the cstlmatcd flows and obsorvcc! flows usmg different

parameters are to be developed. ‘ A

»

(3). There is a need to 1mprovc the bas1s on ;\\yluch the production, consumption at a

\f‘f-

place could be predicted using a comprehcnswc data base such as cmploymcnt data,
econormc, dcmographxc and other necessary data avaﬂablc at aplace.
4). In future greater emphasis should be plac.od in 1mprovmg the existing hlghway

“network by considering all aspects of passcngcr and commodity transportation.
v %

o .
- . , b

N
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" TABLE 1.- STUDY COMMUNITY' CHARACTERISTICS

Community Community Population Alternate - Principle

and Community Type - Range Shopping Centre Economic Base
code . -
‘ R
7 p .

1.Altario Village - under 250 Redeer Agriculture

2.Athabasca’ Town(S) .1000-2500 Edmonton Agriculture

3.Banff " Village under 250 Calgary - Tourist

4.Bonneyvile  Town(S) 2500 t0 5000 Edomonton Agriculture

5.Broo Town(M) 5000-10000 Calgary Oll/Agriculture

6.Brudett Village 250 to 1000 M. Hav/Calgary Agriculture

7.Camrose City 1000040 25000 Edmonton Mixed(RDC) -

8.Caroline* . Town(L) 10000 to 25000 AC Mixed(Forestry)

9.Colernan Town(S) 1000 to 2500 LCE Coal Mines/Mills
10.Coronation Town(S) 1000 to 2500 REC Agriculture -
11.Coutts Town(L) 10000 to 25000 LethBridge/Calgary Boarder Crossing
12.Edson Town(M) 5000 to 10000 Edmonton Forestry/Coal Field
13.Empress » Town(S) 1000 to 2500 M.Hat/Calgary Agr./Gas Plants
14 Foremost Town(L) 10000 to 25000 LethBridge/Calgary Agr.Service
15.Fort Chipway Town(L) 10000 to 25000 Edmonton Isolated Community
16.F. McMurray® City 7 25000 to 50000 Edmonton Oil Sands
17.Fort Sask.  ~ Town(L) 10000 to 25000  Edmonton Chemical/ind. Town
18.Fox Creek* Town(S) : 1000 to 2500 Edmonton Resource/Gas Plants
19.Grand Cache  Town(S) 2500 10 5000 Edmonton Coal Mines/Lumber
20.Grand Prairie City 10000 to 25000 Edmonton/Calgary  Mixed(RDC)
21.Hardisty Town(L) 10000 to 25000 Edmontorn/Camrose  Agr./Oil Fields
22.High Level® Town(S) 2500 to 5000 Edmonton Resources
23.Hinton * Town({M) 5000 to 10000 Edmonton Forestry
24 Lacombe Town(M) 5000.to 10000 REC Agriculture
25.Lethbridge City 50000 to 100000  Calgary Mixed(RDC)
26.Medicine Hat  City 25000 to 50000 Calgary/l.ethbridge  Mixeg{RDC)
27.LoydMinister* City 10000 to 25000 Edmonton Mixed{RDC) .
28.0ds Town(S)., 2500 to 5000 Calgary Agriculture Service
29.0yen Town(S) 1000 to 2500 "Calg./Drumhaelier Agriculture Service
30.Peace River  Town(M) 5000 to 10000 G.Prairie/Edmonton  Mixed(RDC)
31.Raymond Town(L) 10000 to 25Q00 Lehtbridge/Calgary  Agricullure Service
32.Redcliff Town(S) . 2500 to 5008 M.Hat/Calgary Industrial Suburb
33.Reddeer City 56000 to 100000  Edmonton/Caigary  Mixed(RDC)
34.Rimbey * Town(S) 1000 to 2500 Redeer/Edmonton  Agr./Gas Plants
35.Spirit Riyer  Town(S) 1000 to 2500 G.Prairie/Edmonton’ Agr.Service
36.Swan Hills * Town(S) 1000 to 2500 Edmonton Agr.Service
37.Three Hills Town(s) 1000 to 2500 Calgary Agr.Service
38.Vermillon Town{L) 10000 to 25000 Edmonton Agr.Service
39.Vulcan Town(S) 1000 to 2500 Calgary Agr.Service
40.White Court * Town(M) 5000 to 10000 Edmonton Resource
41.Youngs Tawn Town(M) 0 to 10000 * Calg./DrumHeller  Agr./Oil Fields

V - Village, S - Small, M - Medium, L - Large. RDC - Regional. Distribution Cen(r&
REC - Reddeer/Edmonton/Calgary. LEC - Lethbridge/Edmonton//Calgary.
* Indicates transient pppulation at these places.

Agr. - Agriculture, Calg. - Calgary, G.Pralrle - Grande Prairie, M.Hat - Medicine Hat, F - Fort s

o

§
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TABLE 2.-MAJOR AND MINOR COMMODITY CLASSIFICATIONS »

~Major Commodity | Minor Commodity
Classifications - Classifications
;:I.GENERAL FREIGHT - mixed 1relgﬁl (all categories) - waste materials (eg. returned bottles,

drums etc.) - clothing - hardware (including canned paint etc.)
- appliances/furnitures - sporting goods and hobby supplies
- automotive parts and accessories - other industrial parts and
‘ . accessories - hides - tires elc.

.2.FOOD STUFFS - food preparations (can,box,bag,boltles etc.) - non-alcoholic

(NON-PERISHABLES) beverages (bottles or cans) - alcoholic beverages - tobacoo
-other.-- specify. .
3 FOODSTUFFS - meat and meat preparations - fish and seafood- poultry - dairy
(PERSISHABLES) products (not bulk)- bakery products - fresh fruits and vegetables
- frozen fruits and vegetables- other -- spacify.
4 HEAVY MACHINERY - construction and maintenance (equipment and machinery)

- ol industry equipment and machinery - sutomobiles and trucks(not
parts) -other industrial machinery (not parts) - agricultural machinery
and equipment - other -- specify - airplanes - boats.

5.METAL PRODUCTS - scrap metal- slag, drosses, etc. - iron and steel products
. ‘ - precious metals (gold,mercury efc.) - other « specify(eg. aluminium
sheets etc.).
6.PETROLEUM PRODUCTS - petroleum (crude)- natural gas and propane - gasoline - disel and fuel
oil - liquid gasses (incl. oxyacetylene) - asphalt and road oils - plastics
and rubber products - lubricants - other -- specify.

7.BULK LIQUIDS AND - acids - alcohol (bulk industrial)- hydrated limes - anhydrous ammoni
CHEMICALS - chlorine - paint - solvents - water.
(Non-Petroleum) - mikk - liquified gases- oils and fats (non-petroleum) - other -- specify
8.BULK DRY CHEMICALS - fertilizer - sulphur - lime - polash- cement (dry) - gypsm - ores and
AND MINERALS " ore concentrates - coal - sand and gravel - alum and salt - other --
specily. R

9.FOREST 'PRODUCTS - logs - woodchips or sawdust - firewood - planks and boards- posts and
. poles - plywood products - cardboard - newsprint rolls
- paper products - waste paper - other -- spacify. '

10.LIVE STOCK - animals (cattle,swine,horses, etc.) - poultry (chickens,turkeys, etc.)
» - other -- specily (e.g -reptiles) - show animais(race horses,exhibition
animals, etc.
11.CONSTRUCTION - bricks or blocks - landscaping materials (sod,trees,etc.) - tar
MATERIALS products (roofing) - flooring - gypsum products(drywall) - insulation
- precast concrete - prefab housing components - other --- specify.
12.BULK SEED, FEED, - feed grains - seed grains - milling grains- industrial grains - prepared
AND FEED PRODUCTS feed - meal - other -- specily - sugar beets.
13.TRAILER-MOBILE - recreational trailer hoyse trailer (over 20 feet) - construction
. HOMES buildings - prefab modtilar homes - other.
14.HOUSEHOLD GOODS - example: moving vans.
15.MAIL - mall. : .
16.0THER - empty truck - concrete mixer truck (redimix truck) - other -- specify
17.BAGGED PRODUCTS - fertilizer - lime - cement - sand - salt - alums- seed orYeed products
- other -- specily. .
18.UNKNOWN - unknown,
Q

!
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TABLE 3.- COMMODITY CATEGORIES

e

Commodity Category Number
m

General Freight 1.
Food Non-Perishables + 2
Food Perishabies s

b
Forest Proudcts w 3 .
Petroleum Products 4
Buk Liquids and Chemicals

Bulk Dry Chemicals and Minerals + 5
Bagged Products .

Heavy Machineray + Métal Products + 6
Construction Mater!als
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TABLE 4.: DISTRIBUTION OF COMMODITIES BY AVERAGE SHIPMENT SIZE AND MODES

PERCENTAGE OF CARGO MOVEMENTS BY MODES

- - - Average

Shipment o WINTER Total

Sze(Tons) TRUCK RAIL PIPE AR MARINE BUS ROAD OTHER Flows

< B0 g>” 16 14 67 * 34 27156

23 978 11 - * . - . 46|

45 '-9a.é 13 - . - . . 447

67 922 72 - - . : - 153

‘ 840 968 22 °* - - . - 593
11-20 943 54 - - - T+ - 1319

2130 938 61 12 - A - 1116

, 31-40 747 227 12 - 1.2 - - - 166

. "41.50 37. 944 T . 19 17 o 54
| 5160 ' 44 956 - - N ) et
6170 - 1000 -. - - - - e . 14

7180 <« - 1000 - - - - - . -~ 3y

81-90 <. 9000 - .- ... LI .9

01100 1041 886 - - - . . . . 48

- 4

- No flows, ° Less than 1%, 1.Forest Products.
- Total Number of Flows Recorded 7302, Number of missing data I9!.

Only average shipment size upto 100 tons is shown.
. T
-
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TABLE 5.- OBSERVED O-D MATRIX FOR FOOD STUFFS(TONS)'!

=, == 1 2 3 4 5 6 1 8 8 10 1 12
CCode2 - ® 14 31 13 26 32 25 3 5 39 28 a7
MHaL 1 11 496 03 4 1 1 250 1 1 1
LethBr. 20 44 23 1 545 1 ©® 1 5 2 1 1
Calgary 20 32 79 1 2505 54 - 1817. 2029 250 - 83 258 68
Edmoon 8 2 3 2 750 2 5 5 4 2 . 16 2
Reddeer = 1 1 1 1 40 1 ‘52 . 1 1 a2 1
=} J=— 13 14 15 16 17 18 19 20 21 22 23 24
CCode 28 a1 10 21 24 33 84 12 2o 2V S
M.Hat 1111 72 1 1 11 11
Leth.Bri. 1 1 1 1 1 180 1 1 1 1 1 1 "
‘Calgary 67 ;s’ 8 1 1. 5278 1 1 11 11
Ednonon 26 2 22 62 - 47 2285 170 1597 218 344 192 1266
Reddeer 13 1 97 1 .26 ¢ 80 1 1 1 1 1
l={ =~ .25 26 27 26 20 30 - 31 32 33 34 35 36
CCods 2736 & 7 18— 36— 30— 20303515 T
Med. Hat . 1 1 1 1" 1 1 1 M 1 U 1
Leth.Bid. 1 1. 1 3 1 T 111 1
Cagay 1 1 1° 1 1 1 1 o 1 1 1 -1
Edmonon , 689 161 214 221 272 208 368 629 910 ' 240 N3 3450
Reddeer 1. 1 1 .1 1~ 1 1 S TR T B N

T The above malrix Is of dimenslon 5 x 36, where I=5{origins)_and j=36(destinalions),
2 C.Code indicates the destination communities -as given in Table 1. Example, C.Code 9 is Coleman.
3. All intra trips are equal to zero. M. Hat - Medicine Hat, and Leth.Bri. - LethBridge

vl
. g
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TABLE 6 .- OBSERVED O-D MATHIX FOR FREIGHT(TONS) )
. — . » A g . 2
= J=— 1 2,.23 4 5 6 7 8 9 10 11 12
Ccode2 9 14‘-:31 13. 26/.,1/’2/ 25 3 5 39 28 &
* MHat 2 111 10 03L/1 R
LethBi, 2 14 16 1 8 0 77 7 5 1
Cagary - 108 8. 14 2 1078 386' 3847 2 ~ 388 241 123 41,
Edmoon 70:4 1° 1 18 1 45 1 e 38 D33, 6
(Rodker 1 1 171 5 1 - 6 4,6 1 X
Pap = 13 14 ﬁ1s 16 17 18 19 200 21 22 :-23 24
-« . R - N M ;n
. CCods 29 41 . 0 21 24 33 | 34 ' B \ 20, 23 7 17
MHat I T R 11
Leh8d. © 1 1. 1 1 T 3 1 U T R
»
Calgary 49 4 36 2.. 45 705 19 . 3 2 2 25 2
‘Edmoon 8 4 19 17 60 - .628 53° 192 1058 367 .189 188
Rﬂediee'i" 1 1 "3 1 7 0% 8. 1 1 -1 1
=y J=—~ 25 26 27 28 29 40/ 31. 32 33 34 35 3%
AN . o X -
Code 27 38 4 < T8 36 L1 LY 3V 35 15 1o
. N - \ ¢ . "
"MedHat 1 1 1 1t 1 1 1 1 1 1
LethBrid. .1 1 1 1 1 ‘1 1 .60 1 1 4 ¢ 1.
e e ~ - . ‘
Calgary :.2622 2 2 2 2 - 6 8 .20 2 2. &%6.
Edmonbn, 2003584 188 146 .315 95 189 1584 '305 .93 ."110 3509
. - Réddeer 21 31 1 11 J - 5

’*1’ fha above-matrix is of dimension § x 36, whete l-5(origms) and j=36(destinations).

.

L]

3

e

" 2 C.Codeindicatesthe destination communities as given in Table . Examplé, C.Code 9is Coleman. - -
3. All intra mps are equal to zero M. Hat Meducme Hat, and Leth.Bri. - Lethndge
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'TABLE 7.- OBSERVED O-DMATRIX FOR FOREST(TONS)! ..
= =~ 1 z? 3. 4 5 6 7 8. -
Coode2  © 31 26 32, 25 32 5 a9
. v R . . ’ v
lethBri. 1 4 120 1 0 1 1 1
Cagary 8. 122 635 48 2274 § 103" 457 g
Eomomn 2 2 2 2 . 280 2 27 2
GPrale 1 1- 12 T 260 1 1 1
T2 == 8 10 11 12 13, 14 15 186 -
" CCode 28 28 10 24 483 34 7 . 17 ° B
. ’ . “ -~ | (
LbthBri. 1 1 ‘1 1 1 1 1 ,
Cagary " 83 48 i3 18 79 2 .2 2u
(Edmonon 4 2 5 339 43" 6 287 210
GP 1111 11 § )
A=y e 171819 20 21 22 7 23 24 \' | &
CCode 35 4 3516 12 22 15 - |
.’ .
lethBrid. 1 1 1.1 . 1 1 1 ¢
Cé}géry 2 2 2 2 2 2 20 .2
Edvoon 6 225 48 2 536 8 10 4 .
| GPraiie 1 {1 56 & A T 1 '

L4

\

1 The above matrlx is of dimension 4 x 24, where i=4(origins)and

j-24(destmations) oty ',,

2 C Code indicates the destinatibn communitiés- as given in Table 1.

Example: C.code 9is Coleman 3. Allintra tri

L]

. Leth. ?ri - LethBridge, . G

are equal 16 zero.
airle Grand Prairie

°
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1953 2687 2443 992
3 - A
. Reddeer - 1 1

1 1 1

1

1

1

274

1

12263 3652 ' 4538

1

1

v TABLE .- OBSERVED O-D MATRIX FOR Permew}crows)‘
-

T e 2 R R T R T R T
Coode2 9 14 34 a8 25 3 5 39 28 37 29 41

LethBr. 4 432 313 1 03 1, 1 1 8 1 1.1

Calgary 5& 600 330 5859 11075 2136 4356 1513 2133 1011 278 . 184

Edomonbn 25 2 12 1780 32 2 101 33 41 2 °~ 230 2262

Reddeer 1 1 1 1 40 1 52 1.1 1 1 332

=} I=— 13 14 15. 16 17 18 19. 20 21 22 23 24
. C.Code 16 21 “24 33 34 8 19 23 7 17 27 38

- _— ) ,

LethBr. 1 1 1 1 1 1 1 1 1 1 1 1

Caigari\z 2 25 p1484 3 155 2 2 2. 2 2 2

Edmonbn 1257 506 2015 5424 1144 617 - 2137 S622 1777 23120 6556 3357

Reddeer 3 03 50 1 1 1 1 1 1 1 19

=y J=- 28 26. 27 26 29 B TR T T T R e T T
U‘:CEe 7 18 36 lr—m——"w—.m—ﬁ'—-rs 22 12

. - A

LethBid. 1 1 1 1+ . 1 “34 1 F 1 1 .1 1
6c§lgary 2 2 2 2 2" 2 2. 2 2 2% 2 2.

Edmonton 7515 5763 2494 940

1

1 The above matrix is of dimension 4 x 36, where i=4(origins) gnd j=36(destinations).

2 C.Code Indicates theé destination communities as given in Table 1. Exal

3. All intra trips are equal to zero.Leth.Brl. - LethBridge '

4

mple._C.Code 9 is Coleman.

-
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(? TABLE 9.- OBSERVED O-DMATRIX FORBULKLIQ. AND DRY(TONS)!

s

=, 1=~ 1 2 3 4 5 &6 7 8 9 10 11 12
CCode? © 14 31 13 26 32 6 27 5 39 28 a7

.
M.Hat 1t 1 1 15 0% 1 10 208" 280 1+ 5 1
LethBi. 1 1t 1 9 1 Y2 @ 21 1 s 1
Calgary 39 20 162 1 13600 113 1. 7649 217 404 767 563
Edomonon 8 2, 3 2 750 2 5 "5 4 2 116 2
FSask. -t 1 1 1 40 1 52 1 -1 1 2 1 ks

it

I'=y J=—= 13 14 15 t6o 17 18 19 20 21 22 :23 24

CCode - 29 41 10 .- 21 24 33 34 8 . 23

. 1. 17 2
M.Hat 13 1 30 20 1 1 1 1~ 9 1 14
LethBrd. ¥ 1 1 1 1 110 1 1 1 R T
Calgary 1183 1 21 357 1944 42 37 1 80 1100

Edvomon 2 1 2 4 1 2888 105 ' 1 772 249 470 4123
FSask. ", 1 4 13 1 90 720 40 1 1T 30 11
l=l J=—~ 25 26 27 28 29 30 31 32 .33 34 85 36

ClCode . 38 ¥ 2, 18 36 AU 20 30 35 15 16 12
R I I I
lethBridf 65 1 , 1 1 1 1 1"’ 1 1 1 .1 s
Calgary 255 3 40 1 1 1 286 1, 1 1 1 500

) /

Edmonon , 1809 25329243 216 20 3749 9140 .30’2 13 2500 226 9

o~

FSask. 1+ 1 1 256 1 1 392 41 1 1156 1 16

1 The above matrix is of dimension 5 x 36, -where i=5(origins) and j=36(destinations). A
2 C.Code indicates the destination communities as given in Table 1. Example, C.Code 9 is Coleman.

3. Al intra trips are equal to zero. M. Hat - Medicine Hat, Leth.Brl. - LethBridge, and F.Sask. - Fort  *
Saskachewan :
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* TABLE 10.- OBSERVED O-D MATRIX FOR HEAVY MACH.(T ONs)'!

%

|=l ]=— 1 2 3 4 5 .8 7 8 9 10 1
c_c‘,d,i ) 17) 31 ‘26 32 25 5 % 28 29 10
MHat' . 1 371. 03 1 18 18 1 1 i1

LethBi. t 2 1 753 1 03 8 1 2 1 1

Calgary 72 14 ¢ 124 2751 192 4872 625 216 432 24 59
‘Edomoon "2 2 2 22° 2 1246 44 22 27 4 2

Reddeer 1 1 1 1 250 1 o 171 e
|'=1 F-<T13 1314 18 R TR T TR "
CCode 21 24 33 34 /8 19 23 7 17 21 38

M Hat 11 10 1 1 1 1 111 1

lethBd. 1 1< 1 1 1 1 1 1 11 1

Calgary 16 79 51382 183 2 2 230 2 - 3900 8

Edrobn 7 162 2705 70 2 72 354 45943 4563 352
Reddeer 1 1 03 12 1 1 1 1 1 1 1 \
=] j=— 23 24 25 26 27 26 28 30 31 32 383
CTods 4 2 1636 &0 20 30 35 16 T2 22"
MedHai 1 20 1 1+ 1 1 1 RN I \
lehBid "1 1 1. 1 B2 1. 1 1" . 1 1 '
Calgary 20 43 2 2 2 183 . 2 2 104 13 2
Edmonion 30236 140 93 89 134 2666 1283 87 3175 201 96 K
PReddeer 11 11 1 1 1 1 11 1

1 The above matrix is of dimension 5 x 33, where I=5(origitis) and j=33(destinations).

2 C.Code indicates the destination communities as given in Tabje 1. Example, C.Code 9 is Coleman.
3. All intra trips are equal to zero. M. Hat - Medicine Hat. and Leth.Bd. - LelhBﬂdge
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TABLE 11- DISTANCE MATRIX - | (Kilometers)

14

1 12

'=l' J=— 1 2 3 4 6 7- 8 9 10

C.Codel 9 ;4 31 13 26 32 25 3 5 3w 28. I
M.Hat 315 117, 183 133 e 1 167 424 108 264 378 309
Leth.Bri. 150 104 38 298 167 176 * 338 155 99 313 267
Calgary 202 325 259 332 . 288 279 223 138 183 (1‘26 83 127
Edomofion 525 606 560 467 539 530 524 © 429 434 (427 223 26
Reddeer 369 471 404 382 412 403 369 273 307 272 68 103
'=1 ]=— 13 14 1516 17 18 19 20 2 ‘zz 23 2(4
C.Code 29 41 10 21 24 33 34 8 20 23 7. 1h
M.Hat 199 262 328 390 437 411 471 458 925 789 439 538
Leth.Bri. 364 331 365 425 393 367 428 393 839 703 440 549
Calgary 325285 313 358 174 148 208 |, 174 639 503 277 329 "
Edwonon 401 346 274 215 134 161 ’ 15! 236 462 206 97 24
Reddeer 316 276 189 ':2214 30 * a4 B3 . 508 401 133 185
l=1 l— 25 26 27 28 , 29 “‘32 31 32 33 34 35 36
CTods 27T 38 A 7 T35 A 2030 35— T5—T6—
\ Med Hat 490 447 560 686 816 775 .736 1017 1044 1083 973 912
_ leth.Brid. - 608 551 636 664 773 732 692 .973 1001 1039 1013 852
Calgary 522 465 535 445 553 512 ﬂ 473 ' 754 7q'2 820 793 733
Edmonon 247 190 233 149 261 261 . 181 462 495 528 491 430
Reddeer ~ 378 321 391 301 409 368 320 610 637 676 649 588

1. C.Code indicates the destination communities as given in Table 1. Example, C.Code 9 Is Coleman.
© 7.7 *lInternal distances. M. Hat - Medicine Hat, and Leth.Bri. - LethBridge

-
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sz o e - == ————TABLE - 12- DISTANCE-MATRIX - | l{Kilometers) — _ - — - --—— —- v— "
I= 1 =— 1 2° 3 4 5 6 7 8 9 10 11 12
C.Codel 9 14 31 13 26 32 6 25 5 39 28 37 .

F&as = 549 605 584 466 538 £B20 574 549 433 452 248 252

G.Prairie 974 1076 1069 933 1017 '1008 564 973 912 876 672 386

9

t y ’ o

I=1 j>— 13 14 15 16 17 18 - 19 20 21 22 23 24 Ve

4
Wl
i
N
- Lid

C.Code( 29 41 " 10 21 24 33 34 8 23 7 17 27

b
o

F.Sask. 400 345 273 214 159 185 177 260 316 96 . ° 244 :

g

) G.Prairie '567 826 754 676 583 610 538 574 343 564 470 711

- « “t

lzl_ J=—= 25 26 27 28 29 30 31 32 33 34 35 36

N ] TTode 47 TE 35 AU 20 30 B 162X 1z
. . \\ “
F.Sask, 186 217 156 269 228 189 470 502 536 426 799 229 ’

. G.Prairle 654 676 654 203 344 283 e 1008 81 756 457 386

1.C. Code Indncates the destination communities as given jn Table 1. Example, C.Code 9is Cofeman.
F.Sask. - Fort Saskalchewan and G.Prairie - Grand Pralrie. * Internal dlslance
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TABLE 13.- A, R2,and r VALUES FOR FOOD STUFFS o
A R2 r '
-2.00 0.29 :0.53
-1.75 0.34 0.58
#
1,50 0.41 0.64
' 1.25 0.51 " 0.71 ,
-1.00 0.61 0.78
0.75 0.68 0.82°
0 050 0.71 0.84
-0.25 0.70 1 0.83
: 0.00 0.61 0.78
|
v P
4« i o
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TABLE 14.-A, R, and I VALUES FOR COMMODITY CATEGORIES

<9

Commodity Category ' A N
and M i .
. - -2.00 +1.75_-1,50 -1.25 -1.00 -0.75 -0.50 -0.25 . 0.0
< m_— A :
w 1.General Freight
‘ R2 011 021 037 057 070 074 072 067 054
r 033 + 045 .061° 075 - 0.84 0.'860 0.85 °~ 0.82 0.7;
2.Food Stuffs
R2 0.29° 034 041 051 0.61 \0.68 0.71 0.70 0.61
i A ‘0.53 0.58 064 0.71 0'.78 0.82 0.84 30.83 - 0.78
3.Forest ,
R2 0.48 056 0.66 077 085 0.88 0.86 0.82 0.73
P e 070 075 081 088 092 093 093 091 085 |
5, \/H 4.Petroleum , | o
v, R® 050 051 052 053 056 080 067 - 078" 050
r 0.71 0.71 072 0.73 0.75 9.78 0.82 .0.85 0.71
_ 5Buk Dry and Liq. ) ':'
R2 027 048 066 075 079 078 075 070 058
~ r 052 069 081 087 089 0.88 087 084 076
6.Heavy Mach. ~ %Y )
R? 0.78 082 084 0.6 087 0.86 0.85" 0.84  0.78
r ' 0.88 0.90 0.82 0.9‘3‘ 093 0.93 0.92 0.91 0.88
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TABLE 15. - OPTIMIZED GRAVITY MODELS

_—— COanodlty Category m’

Models
-l
. . Cc 4 0.75
General Freight 1 T, = P, - -
£ C d-27"°
i €%y
Food Non-Perishables and c g 03
Food Perishables 2 T, =P, ———
g C d” .
-0.75
- ’ c, d
Forest Proudcts 3 T.. =P, - i
iy a0
i “1%
, N ‘ L0.28
P ™ Y . C di i ; .
etroleum Products 4 T. =P
ij i $ C. a-025
A G %y .
e
' . '
. 'y .- 1.0
Bulk Liquids and Chemicals™ =~ . c G d
Bulk Dry Chemicals and Minerals-l- . 5, Ty =Py T C d 10
. Bagged Products 3 1% ﬁ ¥
W ,
’ .
M X \ ’ [ Rt l-o
. ’ A C “dl .
Heavy Machineray-l-Metal Products + 6 T, =P, ——=7
Construction Materials CZyCpdyy
‘ . . . "
,)\‘; '
~ ’
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TABLE 16. - MODAL SHARE BY AVERAGE SHIPEMENT SIZE -
- AND COMMODITY CLASSIFICATIONS

, Average Shipment Size(Tons)
' Commodi

4-5 6-7 8-10 11-20. 21-30

A
L
%
ot

Classifications

General Freight

Food Non-Perishables
F erishables
Heavy Machinery
Metal Products

Petro. Products

Bulk Liquids

Bulk Dry

Forest Products

Live Stock

- Construction Materials
Feed Products
Travel Mobile Homes
Bagged Products
Other

k]

e T e e R
aaaeegeaaeqneeét
<%ﬁﬂﬂﬂéﬁﬂﬁﬂﬂnﬁﬂu.
HJHHAHHHAHNNHHN
T P IE T TP
e I TS IE IS IR RPN
NN NN NN AN

h

Total Flows . 2756

]
N
D
B

7153 303 1319 1116

T
3

' Commodit)”'

Classifications 3140 41-50 51-60 61-70 71-80 ©+ 81-90 >90

General Freight "
Food Non-Perishables
Food Perishable .

L2

¥

Heavy Machin

Metal Products

Petro. Products

Bulk Liquids

Bulk Dry

Forest Products

Live Stock
Construction Materials
Feed Products

Travel Mobile Homes
Bagged Products
Other

R

+

'R NIRRT
'w-ww;ngxwxaww
LR ol ol bl
'w'ww'ﬁwxwwwawb
P W RO I R N
'w-ww}wwww@xnwﬁ
'w'ww'éwxwwwwww

" Total Flows 166 54 o1 14

W)
Pt
\Dj
O
[ &

Z-represents both Truck and Rail. ¥ indicates no flows.

{‘ .‘ ¥
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TABLE 17. DISTRIBUTION OF COMMODITIES BY MODE.A‘ND LOADS

“LOADS
LESSTHAN -  TOTAL
MODES FULLLOAD®) . ROWS
TRUCK ' 447 553 8629
RAL . 905 9.5 473
PIPE 88.9 11.1 ' 9
AR . 00 100.0 34
MARINE 125 87.5 16
BUS 11 98.9 RTI
WINTERROAD . 42.9 ; 57.1 “ 7
OTHER 5.3 94.7 94
TOTALROWS 3000 4460 | 7480
1. Number of Mlss!ng Data 33 5
b
§
, ’ /
}L ‘
4 ’ ‘
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. TABLE 18. DISTRIBUTION OF COMMODITIES BY AVERAGE £HIPMENT SIZE,
AVERAGE TRUCK MODE "~ RAIL MODE
SHIPMENT '
) "SIZE(TONS) © — AL~ L TOTAL  H LTFL_ TOTAL
et 39 . 2330 2369 3 21 23
2-3 18 36 . 344 0 4 4
45 35 160 - 195 - 1 2 v 3
67 < 102 333 435 2 8 _10..
8-10 368 286 654 15 2 17
' 1120 . 1152 @2 3244 - 69 27
‘ . 2190 103 8 1047 - 65 3 68
.  31d0: 123 1 124. 38 0 38
‘v T . 4150, .2 , 0 - 2 49 2 51
' 51-60 4 %o 4 87 0 a7
) 61-70 0 o 0 14 S 0___ 14
' 71-80 0 0 0 8 o =
81-90 0 0 L0° g 0 9
. o1-100' 5 0 5 43 o 43
: TOTALFLOWS 2887 3536 6423 7 426 @ 470

1. Average shipments up 1o 100 tons are only tabulated. -

- e et i o m— e e

%
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TABLE 19. DISTRIBUTION BY AVERAGE SHIPEMENT- SIZE, COMMODITY
CLASSIFICATIONS AND LOADS

\a‘

o

: Averagc Shipment Size(Tons) and Full Load

Commodity -
Classifications <l 23 .45 67 8-10 11-20 21-30 . .
» General Freight 11 7 23 3 40 125 46 .
Food Non-Perishables 1 1 7 0 18 81 22 . s
Food Perishables 1 1 8§ °11 13 85 32 '
Heavy Machinery 4 3 13 13 68 261 48
- Metal Products 3 4 2 1 11 69 70 ,
Petro. Products 13 1 14 < 36 42 . 105 167.
Bulk Liquids 1 2 0 1 8 46 47
Bulk Dry - 2 0 0. 0 J2 61 143
Forest Products 3 "4 -4 3 "0 8 134 149
Live Stock 0 1 2 4 19 46 55
Construction Materials 2 2. 11 2 38 60 108
Feed Products - L2 2 “5 1 19 45 97
Travel Mobile Homes 4 4 , 12 6 30 36 2
Bagged Products 2 0 4 -0 6 .64 117
Other ® : o _, 0 0 -0 0 0 0
' Y
. Average Shipment Size(Tons) and Less Than Full Load
Commodity o ’
Classifications el 23 45 6-7 - 8-10 1120 21-30
General Freight 1837 185 . 92 11 78 . 8 1 5
Food Ngn-Perishables 166 . 29 ~ 39 12 25 12 2 . | /
Food P¢rishables -+ 259 49 34 6 ' 17 10 1
Heavy Machinery - 93 27 40 24 28 72 0 |
Metal Products 46 24 28 2 7 > ¥ 0 ]
Petro. Products 71 24 40 15 34 29 1 |
- \Bulk Liquids e 30 - 12 8 0 19 2 -2 '
Bulk Dry ; 4 1 - 6 0 4 2 0
OForeést Products 54 . 18 10, O-° 13 8 1
. Live Stock 3 2 . 2 o -0 o -0 )
. Construction Materials 77 43 29 2 18 2 -1
Feed Products . 5 1 2 1 4 - 2 0
Travel Mobile Homes 0 5 1 2 3 2 0
Bagged Products 12 8 16 0 11 2 0
Other , 3 4 0 0 0 0 0

< -
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TABLE 20. olsmsaunowomwmoomss BY COMMODITY ;
+_ %LSASSIFICATION, MODE AND HIRE
‘.v . / 0., - . N ‘ '\ |
~N 1 .
A A MOVEMENT BY TRUCKS
, R . JOTAL
NO™ ~ COMMODITY PRVATE FORHRE  ROW
g ‘ Freight 1944 249 2193
.2 Food-NonParishable .-'* 213 ' 210 423
H N 'v o
"3 "Food - Perishables - 280 272 -, 552
, \ 12k 2 .
4 'Heayy Machinery | 499 - 56 555
Tk -, . . '
5 ‘Metal Products |~ 230 31 261
-6 “* Petro Products 409 260 669
“7 . BukLiquis - 151 30 181
"8 = Bulk Dy’ 214 37 251
9 ForestProducts 353 . a6 399
“§70.10 ¢ LiveStock 101 25 " f26
11 ;'Construcfion Malerials 356 45 401
< 13 o
12 Feed Prodis . 147 . .42, 189
é ’ M
13 . Trav. %Homes 99 ° 1. 110
1“ . Bagged%ducts S o2 .20 242
15, ‘Other - : 3 . 12 15
.7 v{ . T A“ ' RN
. TOTAL 5221 1346 6557
w o ‘ ‘ , .
' : . | ’f& 00,‘: ‘s :'. I ,,“.
Lr ’ 'n ) " Bl ,
" ( ! " N
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TABLE 21.- DISTRIBUTIOIN OF COMMODITIES BY MODES,LOADS, «

"

AND ‘HIRE :
~ TRUCK MODE A .
 [OADS  PRWATE FORHRE  TOTAL FLOWS
FL 2313 ~ 588 2901
LTFL 2007 758 3665
TOTAL 5220 1346~ 6566
o AT ‘ -
. —— J.
e
TABLE 22. MODE SELECTION BY oom'hoc 1
: - . ‘ |
: CONTROL -
© MODES YES (%) NO(%) TOTAL FLOWS
R — B ,
TRUCK 45 . 585 6609
RAL . -30.9 69.1 473
e 47.7 . 523 44 f
AR 67.6 324 3
MARNE 62.5 - 815 16
BS 22 768 T e
WNTERROAD  42.9 " 57.1 “7
over 13.5 865 . &6:
Total Flows 3000 4460 74680
1. ‘Nu‘r?berof‘Missiqg Data 33. _
N B - . \ Y

sl
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TABLE 23. CONTINGENCY TABLE
) Variable §
~ VarlableA B1 B2  Total
- A X X2 X+
A2. X21 I X22 X2+
Total o X1 X2 x++'
’ ’
. * Total number of observations '
.t _
\Y ) !
hd | ‘:~ l
TABLE 24.MODE PREFERENCE FOR [LMJ[HM] MODEL
. “MODES (M)
LOADS(L) HIRE(H), . TRUCKM RAIL(R) TOTAL
: 7 Y
. - ' ‘
FL Private - 2313 - 425 2738
b
For - Hire . 588 3 591
LTFL  Private » 2807 - 45 2952
| For-Hre 758 ‘0 758
Total , 6566 473 7039
NS ~ '

,*‘_

-
N
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Table 25. DEGREES OF FREEDOM AND COMPUTED G2 STATISTICS

[ 4

MODEL D.F e
Myt U 6 9778.56
Mp: [H] 6 6919.60
Mz: M) 6" 3508.87
Mg: [LIH] ° 5 6898.97 °
Ms: [HIM] 5 629.27
Mg: - ML) 5 . 3488.23
Mz:  [UHIM] 4 608.64
Mg: [LH] S 4 6890.83
Mg: [LM] 4 3061.35
Mig. [HM] 4 448.29 -
Myq: [LHM] . 427.66.
Mgt [HILM]. ) 181.75
. Mygi [MIILH] - 3 600.50
Myg:  [LHILM] 2 '173.61
Mys. * [LM]IHM) 2 ﬁ 0.77°*
Migi. [HM]LH] 2 : - 419.51

062"

" * Selected-Models for Comparison

\ -

o
o
R X

]
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- (A - TABLE 26, ESTIN}ATEB EFFECTS AND LOGISTICS FOR [LM]HM] MODEL

: - MODE PREFERENCE

" VARIABLE TRUCK RAIL W TERMS
. " | +2302 . -2392 4  +4784
C M) R "
- S Full Load(FL) .0.620 ‘ +0.620 £1.240
- Less Than Full - . . L
(, ‘Load (LTFL) +0.620 - .0.620° +1.240
@\ MG . | *
o  Private ©y -0.930 C +0930 1860
For - Hire S+ +0.930 { -0.930 . +1.860
) k ¢
. , ‘
. kf .
.o !
_ TABLE 27. STANDARDIZED RESIDUALS FOR [LMHM] MODEL
o | LOADS
MODES - . HIRE FULL LOAD _ LESS THAN FULL LOAD
Truck Pivate . 01 .. -0
: For-Hire. ~ -0.3 ’ 0.2
" Bal Private 0.0 0.0
. - 'For-Hire -4 02 0.5
. . — : T - —
. ‘ ' ! " .
- L o - . . "}:‘ ,
- : { N
’_\ ' Jr
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TABLE 28, SELECTED. MODELS
Model  Lstof  Explanatory Resppgse ' Selected
Number  Variables Varigbles  Variables Model DF . a..
M LHM  LH M _[M][HM] . "2 005
M2 C,L M clL M [CL][CM][LM] 1  0.05
M3 * SLM s.L . M~ [SL][SM][LM] & 005
ME KLM' KL "M [KL][KM][LM] ¢ 2  0.01
M5 DKM . DKg M  [DK [KM] [DM] 15 005
\ Yo ,
TABLE 29. MODE PREFERENCE [LCICM]LM] MODEL Lo
- ' , . MODES(M)
LOADS() ~ CONTROWC) ~  TRUCKM . RAILR)  TOTAL
R VS . 1428 142 . 1566
NO o 1519 286 1805°
: © YES 1318 4 1322
.- LTFL . ' ,
. NO 2347 - - 41 2388
Total ' - 6608 : 473 7081
- 3
"W
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"TABLE 30. DEGREESOFFREEDWANDOG»APUTEDGZSTAHSTKS

’ [LCICM][LM] MODEL

MODEL . DFE . L

r -
My: [ - 6 5697.14
& 1L e 5997.75 2
€3: M) 8 ) 805.68
Mg: [CHLI s 5604.29
Ms: [LIM] - 5 779.95
Mg: [MIC] 5 " 513.05
My SCILIML 4 499,81
Mg: [CL] 4 5424.63
Mg: [CM] 4 495.44 ‘ ,
Myg: [LM] . 4 370.84
Myp: [CIILM) 3 134.92
My3: " [LIICM] | i 48031
My3: MIICL] 7 3. 438.15 - e '
My4: [CEICM] 2 40010 . \
My5. [CMIILM] 2 1504
Myg: [LMICL] 2 48.95 * 0
My7:  [CLICMI[LM] 1 - 4.74° -

* Selected Models for Corrprrlsbn
a . \ 1 3 . ‘
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TABLE 31. ESTIMATED EFFECTS AND, LOGISTICS FOR {LCJICMJLM] MODEL

k3

MODE PREFERENCE

-0.176

VARIABLE TRUCK RAIL W TERMS
" ‘41638 ° -1.638 +3.276
-keM(i1)

YES - 0,638 +0.638 * -1.276

NO +0.638 - 0.638 "+1.276

HLM(j1)

o s

FULL +0.176 -0.176 * +0.352

' \ ) a G,

LTFL ~ +0.176 *  -0.352

»

+ TABLE 32.STANDARDIZED RESIDLJALS FOR [LC)ICM]ILM] MODEL

LOADS

.
MODES  CONTROL FL ITFL
1:ruck“ YES 032 02
" NO 0.1 . 10
Rail YES 0.5 1.8

NO .03 1.0

A‘*

o e bl

L
2y
B ¥
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. TABLE 33. MODE PREFERENCE FOR {SLISM][LM] MODEL
AV.SHIPMENT. : MODES(M)
LOADS(L) SIZE(TONS) TRUCK - RAIL TOTAL
L A 39 ‘3 42
B ‘ 18 0 18
c 13 0 . 13
D - 23 2 25
, E 250 8 258
» F 366 18 384
G 243 31 274
H 1759 - 68 1827
g | 171 40 201
- J 3 25 8
K 6 135 141
TOTAL 28p1 330 3221
LTFL - A 2330 21 2371
B 326 4 330
Cc 105 1 106
D 61 , 1 62
E - 412 : 9 421
F 236 2 238
G 40 - ' 1 41
H 32 2 34
i 2 1 3
- J 0 0 0
K 0 . o 0
TOTAL 3544 42 3586

A= <1 TON, B =2TO 3 TONS, C=3-4, D=4-5, E«5-10, F=10-15,
G=15-20,H=20-30,1=30-40,J=40-50, K=50- 60(DENOTES AVERAGE SHIPMENT SIZE).

N - \

LD
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TABLE’ 34. DEGREES OF FREEDOM AND COMPUTED G2 STATISTICS

[SLISMI[LM] MODEL
"~ MODEL DF - : X
‘ My: [S] | . 6 15289.13
Mg: U 6 51250.39
Mg: [M]. 6 \ '26103.15
Mg - [SIU 5 15226.78
Mg UM 5 2583077
ivaee: [PIS) - 5 10591.19
Mo [SILM] 4 *10880.39
Mg: [SL] 4 5989.44
Mg: [SM] R . ags2.11
Myg: [LM] 4 25018.18
My [SILM] 3 955.85
Mo [LIISM] 3 4946.76
Myg: IM]ISU | "3 *2850.79
Mg [SLISM] 2 30.26°
M5, [SPIILM] 2 485428 .
Mg [LM]SL] 2 - C T 148401
? M7t [SLISMIILM] ‘ 1. 15.02"
* Selected Models for Comparison

-

1



163

!

TABLE 35, ESTIMATED EFFECTS AND LOGISTICS FOR [SLJ[SM]ILM] MODEL

MODE PREFERENCE

k3

5 . N

J

VARIABLE TRUCK RAIL w TEhMS
S +1.229 - 1.229 +2.458
usmfn
A 'L 0842 -0842 1.684
B 0.798 -0.798 1506
| @ 0.997 -0.997 1.994
D 0.383 N . -0.383 + 0.766
E 0.598 -0.598 1196
F 0575, - -0.575 1.150
G 0.055 -0.055 0.110
H 0.625 -0.625 | 1250
ol -0.275 i o2rs -0.550
o I _ -2.051 2,051 . 4102 f
K ,\r 2,547 42547 5004 f
HLM(1)
FULL -0.239 +0.259 «0.478
LTFL +0.239 -0.239 +0.478

P
R
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TABLE 36.MODE PREFERENCE BY AVERAGE SHIPMENT SIZE AND LOAD

MY

Truck Moda Proportions -

: Ful! Load

: ' : ’ Less Than Full Load
No. Average Shipment : e
Size(Tons) o Pit P .
4 <1 ¢ 97.48 99.20
2 2-3" . 97.27 98.91 '
'3 3-4 98.16 .- 99.26
4 | 4.5 93.96 97.54
F 5 2. 5-10 95.98 98.37
6 10-15 95.79 . 98.30
7 15-20 e 08.35
R 20-30 9615 '9§.46 ‘
9 30-40 - ° 80.52 9137
10 40-50 10.06 23.26
11 50-60 @ 4.21 , 10.15
Yy " im1,23.. 11, J=1,2 and k=1,2. Mode! Selected [SLI[SM][LM]

o

Denotes Average Shipment Size greater than 2 tons and less than 3 tons
@ Average Shipment Size upto 60 tons are oaly considered.

]

A

e

e
i
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TABLE 37.STANDARDIZED RESIDUALS FOR [SLI[SMJILM] MODEL
| ~ ‘ LOADS
. I4 s _ N
MODES AVSHIPMENT - " TFL LTFL
._SIZE(TONS) '
. Truck ’ A -0.3 0.0
B 0.1 0.0
c 0.1 0.0
( D -0.1 .01
, ' ;
E 0.1 0.1
“m ¥ N .
f F '0.1 0.1 Y
’ G 0.1 - 0.1 N
H : 0.0 0.3
- | 01 .05
J 00 00
N \ K 0.0. « 0.0
“Rall | A 05 1.8
B 03 10
g c 0.5 03 )
D 0.4 -0.4
- — E .07 0.9 i
" F 05 10 .
G 0.2 -0.6 .-
" ‘ , : g -
g , H . .02 2.1
e —_ 0.1 15
] J o C 00 TT——_ 0.0 ~ -
o K 00 00 .
It v ,
-. M . \ ) u |
-y R 4"_:
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TABLE 38. MODE PREFERENCE FOR [KLYKMJ[LM] MODEL

Mopss(u)
LOADS(L) .COMMODITY TRUCK _ RAIL
© R 1 242 .3
2 144 9
3 192 . B
4 336 . \ 83 -
5 147 ' 24
. 6 454 45
7 ° 104 29
8 235 69 .
9 300 . - 85
. 10 120 9
~ o1 222 12
) 12 172 22
18 96 1
14, ) 8 0
15 191 - - 16
“TOTAL 3} 2963 428 3381
LTFL: 1 1951  °© 31 + 1982
2 299 1 © 300
3 403 0 - 403
4 A 219 9 228 .
5. - ¢ 14 0 114
6. ' 215 0 215
7 77 0. 77
8 16 0 16
9 99 ; 3 . 102
10 6 0o .
11 178 1 - 179
12 VL7 0 . 17
. 13 f14 0 14 »
A4 7 o - 0 7
15 o 15 - 15
TOTAL =~ . "~ 3544 42 ‘ 586

1-General Freight, 2-Food Non-perishables, 3-Food Perishables 4-Heavy Maghlne%etal
ioducts 6-Petroleum Products,7-Bulk Liquids,8-Bulk Dry,9-Forest Products,10-Live Stock,

5

>
e e

11-Constructiort Materials, 12-Feed Products,13-Travel -Mobilg Homes 14-Baoged Products,
15 Other

Y

»

. .. v
. R . -
S L L e ] L v
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TABLE 29°: DEGREES OF FREEDOM AND COMPUTED G2 STATISTICS
< [KL)[KM)[LM] MODEL
. . CA . AN
o ,
. MODEL D.F - G* .
N \
A
My: Kl - C .6 9889.57 - .
My: [ - 6 34329.95
Mg: M] 6 16971.65
Mg:  [KIL 5 . 9807.45 ’
~— Mg: [LIM] 5 16450.97
T Mg MS] 5 334357
M5 [KILM] 4 335050
- W ! \
Mg: [KL] .4 s 5426.22 \ .
®
Mg: [KM] 4 ’ 2718.60
Myg. [LM] . 4 15314.03 .
) Myy: [KILM] 3 T 271935 .
My [LIIKM] 3. 271229
'3 5do.s
2 258.95
2 . 2461.30 -
2 139,05 * N
1 16.33°

A\t
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TABLE 40.ESTIMATED EFFECTS AND LOGISTICS FOR [KLJKM][LM] MODEL

MODE PREFERENCE oo
VARIABLE TRUCK RAIL . W TERMS
oy +1.728 -1728°  © +3.456
HKM(i1) , ‘ _
1 0,178 0.178 0,356
) 2 0.259 ~0.259 0.590
3 0029 0029 - . 0088 .
4 < .0.454 0454 " .0.908
5 0.181 0181 '. ;-0.362/ _
6 © 0.053 R 0058 ‘ 0.106
7 ¥ 0448 . (0448 -0.896
8 0500 " - . 0509 | -1018
9 0291 - - 0291°  --  -0.582
10 " 0472 | 0472 ‘» 0.344
11 0.328 0328 C. 0856
12 -0.092 0.092 ., -0.184
13 1.163: 1163 . 232

- . . . i T

Ty 0.0 s 0.0. I '
15 0.144 -0.144 0:228 -
- HLM(j1) _ ,
FULL 0603 . - 40603 C .20
LTFL V_"_Ltqisoa . 0603 T +1.206

S

[ R S S
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TABLE 41. MODE-EQE'FER'ENCE BY COMMODITY GLASSIFICATION AND LOAD o
- - ' _Truck Mode Proportions . ‘
) | Full Load  Less Than Ful g:oad s

No Major Commodity | Py - P B
1. .General Freight ~ — s - 86.84 (  98.66
2 Food-NonPeridiables - o444 ' 09.47 .

3 Food Perisiables 90.09 - o991 L
4  Heavy Machinery . C 7914 "+ 97.70

5  Metal Products 8677, 98.65 . .
6 P_étro Products =~ C . 91.26 . 99.15 :

.7 Bulk Liquids’ ... T3 . 9174 o
'8 Buk Pry ’ 77.23 o 9744 T
9- Forest Products . . T . 8410 ' . 98.32
10 LweStock . . . ' eap2 - .33 __'

1 “Constn.;ction‘Materials - o479 : j 99.56
12 Feed Products o . 88.75 . . 98“.86" .
13 ' Travel-Mebile Homes S eser .’ 99.90 ° ) : .

14 Bagged Products A g .' ' ot - e T

157 other | 0225 89.25 '
21,23, 15, = 1.2, and ke1.2. Model Selected [GLI[GM][LM]. )
,** Not Calculated S : : v
. L ’ \,(; !
s ; . 7 '1, . -
" ! - , ‘ ’ "
o P T "'(
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TABLE- 42. STANDARDIZED RESIDUALS FOR [KL][KM]LM] MODE

h

A}

. 4

’ - «
.
. \, .

r

MODES -

-

AV.SHIPMENT
SIZE(TONS)

~ -~ - LOADS

r

Truck *

©CONOOOEWN =

o
o

-0.3

i [l
00000000000
OOOOO'O—‘—*.N—"—*

Y ' ¢
-----------------------------------------------------------------------------

Raif * - 1 .. 0.8 0.9
: 2 : 0.2 -04
3 0.8 19
- - 4 -0.4 17,
5 0.3 -1.2
"6 . 03- -1.3
7- 03¢ -1.3
8 0.0 -0.6
T T -0.2 1.0,
. 10. 0.0 ‘0.2
11 0.0 0.1
o 12 0.0 T -0.4
: 13 00 | -0.1.
. 14 - 00 0.0
15 0.0 0.0
} L « -
4 2 . ) ‘ -
‘)J/ ;4 . “
‘ “
' B
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TABLE 43 : DEGREES OF FREEDOM AND COMPUTED G2 STATISTICS '
[DK][KM]DM] MODEL “
' ' ' ‘ . &
MODEL DF . G< .
"My D] 44 BT IR 7 R
My: [K] 42 o 3270.08
.M3: [M] 46 1448.01 i
My: 'IDIK] ‘ 3 -, 2556.60- -
Mg: KM <. - 41 . 1098.84
Mg: [MID) . 43 - 735.54
My: [DIKIM] - . 38 386.36
Mg: DK 24 : © 2220.14
Mg: [DM] | _ 40 . 724.89>
Myg: [KM] | - © 108941 |
My OIRM] T e < S 8fess T v oo -
¢ Mg tIKIDM] ‘ ‘s 375.72
Myz: MIKL) 23 ) . 48.90
- Myg:IMIDK] o \ 20 , 38.25 .
M5 [DKIDM] R Y L
Msg: [KM]IDK] T | 3947 '
#My7: [DK JIOM]IKM) 15 E . 2104
: 'ngmtg: »d model . ‘ S ' ‘f -
; 1 .
/ o 'a Lo - [ M ©
‘ ! y o \ I
‘ ]
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TABLE 44 ESTIMATED EFFECTS AND LOGISTICS FOR [DKIKMDM] MODEL .

AN

. MODE PREFERENCE'

VARIABLE TRUCK . RAL ° - W TERMS
bm O +2.104 C.2404 0 ¢ 44208
KDM(i1) ' )
A* . 0803 .. . -0.803 41608
B* ' 032 - 0392 . 0784
c* .. o3z . . 0326 ° +0852
D*. o787 - 0737  lana -
« HRM(1) . o
GEN.FREIGHT . 0.556 <0556, T 41112
FOODSTUFFS  -0822 " s0se2 . -hes
FOREST 0294 40204 . ' -0568
vl «
PETROLELM  0.030 -0.030 ~~ = +0.06
BUKUGORY 011 - woant 0222
 HEAVYMACH.  .0.642 0642 41284
*Are the distances ranges glven in Table 45 i

~
©
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TABLE 45.MODE PREFERENCE BY DISTANGE AND COMMODITY CATEGORY

o ; . Truck Mode Proporuonsj s

‘Distance(Kilometers) . ., —
- . Commodity Category 0-200 201-400 401-600+¢« >600

GEN.FREGHT - " 999 988 ‘997 . o7
FOODSTUFFS '~ 985 85.0 96.0.
FOREST N 994 ‘945 | 986

»

. r o . .
PETROLEUMPRODUCTS  * 997 - 969 = 993
BUIKLQ.ANDDRY 996 . 96.1 -99.0

" heaymadd. ‘999 991 . 997

a

o -
L]

TABLE 46. STANDARDIZED RESIDUALS FOR [DKJKM]M] MODEL

Modes - Commiodity Category

9-200 201- 400 - 474-600 >600
\ . . ¢ \

0.0’ 0.4
i - .

4 R - . .
FOOD STUFFS 01 . 04

. FOREST - 02" 05
JPEOEM T - 01 02
_ BULKLIQ ANDDRY * -

HEAVY.MACH.

a2
00 - 01

Rail - GENFREGHT

.04 06

FRODSTUFFS 0.4 0.7 .-

-

- ¥ FOREST 14 . 07
- PETROLEM 47 - 1e
+ " BULKLQ.AND DRY 11 a7

S 05 .07

/

D
»
I
.
A
- .
- 0

a2
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!

. STUFFS
{ -
T " Stk .
V/VSourcc " - Com.Code 17 o o- 38 7 - 33 * 34 e
Observed” 1266 ' 161 192 2 170
co o8 Estimated* 1977 92 151 - - 20 156
S .’ ByTruek™ 1947 90 148 '+ 19 153
. . -5
By Rail™ 30 2 3 1 . 3 ‘
Distance™™™ 24 . 190 . 151 161" 152
— — ~Sink -
Source Com.Code 28 33 29 5. 26 14
— ¢ = ; ‘
Observed” 258 %2718 67 250. 2505 32
. Esmated® 304 .- 467 42° /265 1590 35
Rk By Truck®™ 300 400 P 261 1351 30
" ByRail™ 4 67 6\ . 4 239 5
Distance™* =93 148 325 .- 183 288 '.325.

Y

" Interchanges in Tons.

** Modal Spht Propomons for cstxmated ﬂows are obtained

from Table 45. *** Dlstancc bctwccn source and sink in Kilometers. Com.Code " .

. =Contmunity Code, from Table 1. For example, 17 represents Fort Saskachewan.

¢ >

X
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" APPENDIX - 1 Y,

o

' CODING INSTRUCTIONS AND SURVEY DATA FORMAT

The following is the coding instructions delivered by the Alberta )
Transportation Department to the shippers and consignees. across Alberta to collect
necesssary data &hring commodity flow survc);. It consists of general information,
item by item ciéscription of codin g requested and m;zthodology to fill the survey form

shown in Fig.6.. A sample of the data compiled on tape from the commodity flow

.. \
survey fofms-is illustrated.
- N
4
- w4
’ ! °
|
-
- Y
L0 \
- - . «
' he}
" -
. <
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THE ALBERTA TRANSPORTATION COMMODITY FLOW SURVEY
®
Do, CODING INSTRUCTIONS

. ’ : 1.0 GENERAL INFORMATION

- The: Survey is directed to the major tonnage shippers and

) ‘(‘ . consignees within each .community. Smaller tonnage fftml
) may be either: ‘Ll) Interviewed by telephone only.
’ (2) sampled and [forms coded for them on
g - the basis of extrapolated infoi&tion
. N . (indicate thereon). o T

- Emphasis is on 'non-;gcal~trips. Where a business
handles exclusively local freight {e.g. ~ a gas station
supplied by the local .bulk dealer),:no-?orm neéed -be
coded (to avoid double cosnting). However, an :
industry that éathgrs some of its inputs locally and ;*/

, also ships externaily should -be complegelyﬁcodod for
. the sake of material balance. - ) T

. e.g. - a feed mill

‘ ~ .
: ivpuTs . Au"rpu'rs, '

-% tons grain - local sources [(x + ¥) ggif - feed - to local feed

y tons supplements - Edmonton | . lots andlsnrmcrt.
»

Iy

ata
.
-

it - - Explain to shippers/consignees that the interviewwill
hd assist Alberta Transportation to plan highways for their
area. That volume information requested is.on the basis
A of approximate estimates only, is not directed at any x
confidential corporate information, and all responsas
will remain strictly confidential in nature.
- Be atterntive to shippersconcerns ani comments -and ncte
these on the back of the form.
. ’ [ J N ‘ !
' . . ) ‘
By . , ) ' ’ ] N




- Do not w;IE‘ in shaded areas of the form.
-,:Bc fltxigle. Different shippers have different methods T .
of estimating tonnage. (Note i‘lc;lﬁulationi/nqurks)
g®9- Bulk Fuel - x million gallons/year, .
Foodstores - x times per” week, y lbs. average
‘ estimated shipment size.‘ "
- - Others - average tariff $y/hundred. Monthly
freight bill is approximately $z.

- For;'rirm Type' and 'Goods Type' fields, select that
category which predominantly describes the operation
or praduct involved: If no category fits very well,
code 99 in these fields.
- 1n ¢coding the interview form, print the information
+ : - neatly in the spaces provided, Remember that a keypunch
operator must be able to read the informatidn coded. .

v

Some fields have been arranged for direct coding as you
interview (e.g4 ~ goods type, received or shipped, mode, -
. LTd vs. FL, control, private/for hire, rate, market -
] sha e) while others have .a-place 'to ptint the informa-
) ti6 longhand for later coding (after the ‘interview)
(e.g. ~ plaee,icommodity, tonnage).

v

- -,

- .Clrdl i and 2 may be pre-coded in the offi:; prior to ,

- . the field trip based on the telephone book listing and
tclephone interview. Provision is made to note the
. . . individual's name in order to asqist you when you make

A

your visit.

.
’
[ » -

- 1t information is not &vailable (e.g. -.rate, market \
estimate), leave these items blank. Attempt, if

s possible, to get the tonhage, shipment size, mode, place’
g ® N ‘ .
wa ¢ data, in all cases.
. ] o B . . ‘ . :
k
. . . .

<oy
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AV

Keep forms for 'each community in a separate manila file
and note any important community features or concerns on.
the file. ’

If it is necessary to code more than 5 '3' cAtegory

" cards, the.interviewer must continue on a second form.
To facilitate this, re-code the telephone number (columns)

46 - 52 of card 1).and code 'C' in column.54 of card 2.
The balance of tHe header information (cards 1 and 2)
may be left blank. An unlimited number of such conti-~
nuations- is allowed. Staple the forms together
sequentially. ﬁ ‘

-
y !

The question on principal competitors (lower right hand
portion of the form) is tq ensure that all major firms

are interviewed. » \ '

e

[
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. | D
t o .
2.0 ITEM BY ITEM DESCRIPTION_
‘ Item Space Instructions
c Place Name Cols. 2 - 21  Alphabetical place name.
A‘ Abbreviate if necessary
R ) ' (consistently). . _ .
? Place Code Cols. 22 - 25 Numeric. From list’ —
supplied. =
1 . - w
Firm Name Cols.~ 26 - 45 Alphabetic firm name.
D 7 : N Abbreviate if nezessa_ry". )
. Telephone Cols. 46 - 52 Numeric. .
t-------—Q---_- --------- " —-_-_—----—--.'._-' ------- g - e o - - - - wn - -
C Street Address Cols 2 - 45 Code one character per
v A - . space. provided.
R/ — ‘ . ‘
D Postal Code_ ‘Cols. 46 - 51 Code one character per
- space. . o
»
2 Firm Type Colse. 52, Sf’i\ Numeric using code on
. i ® sheet. 4 a
}Péontinuation- Col. 54 ° Leave. blank if fimst card. .
Code 'C' if continuation
. : card. ' <t
crmeefocsnecmmem—— PP [rgupmppm—— cmme—e—m————— e wc e —————
-C Food: Type Colse 2, 3 Numerjic.as per code on, = -
’ : sheet.
\ , . ]
Received/shipped Col. 4 '1' or '2' as instructed
4 ' on sheet. a

} ¢
From/Tg 'Place’ (Cols. 5 - 8

1y

N

Alphabetic in space .
provided above. Numeric
from 1§sp é;bvafqd.




Commodity Cols. '9 - 12 Alphabetic in space
) above. Numeric from
list provided.

Annual'Tonnage Cols. 13 - 20 Derived (see calculations/
N remarks).

Average Shipmeqsnééze ,TLCols. 21 - 24 In tons. Decimal place
' is between column 23
~ and 24.

> & - .

Mode ' Col. 25 Numeric using code on.
sheet.

-~

LTL or FL ' col. 26 L or F depending if
shipment .shares space
on the vehicle.

| £
Control Col- 27 o Ask égjﬂihipper if he
' decides how the product
is shipped. N
Y - Yes, N = No.

Private or For-Hire

T Col. 28.. P or H.
Carrijiage -
—y g T Y

Rate ' Cols, 29 - 33- Ask this item last, It
. ' nntngonizgl some shippers.

. Estimated § Market Cols. 34 - 36 . Explain ghnt the ‘purpose
Share . v ". is to provide for all |

LS " traffic to/from a

' comminity and that this
o . ) questicn assists wizh this
oL . ei:;mate. ) -

> dy



o 1_8
- , , R l - Q
- \\‘*
1G6LETHBRIOGE 2627SHELL AGR!-CHEMICALS3284735
3004 1| AVE ‘SOUTH o7
2 1 130050 1 10000000250050 tLNH
167LETHBRIDGE © 2627SHELL AGRI-CHEMICALS3284735
, 3004 1 AVE SOUTH o7
21130050 10 1000000500250 1FNH : .
168LETHBRIDGE 2627LAVERS BULK FUELS 23272762
- 1915 2 AVE “SOUTH 07
11 1300506030000%6000250 tFNH
$t69LETHBRIDGE 2627LAVERS BULK FUELS 3272762
1918 2 AVE SOUTH 07
\ 11 1300%06030000%20002502F NH s
. - 170LETHBRIDGE 2627LAVERS BULK FUELS 3272762
. — 1915.2 AVE SOUTH 07
, . 1 YTI0050803 00003 15006002FNH .
. 17ILETHBRIDGE 2623LAvens BULK FUELS 3272762
o7

' 1918 2 AVE SOUTH
11130050608000002 16 180 4 FNH

172LETHBRIDGE °

£ . 904 7

AVE SOUTH

10 142 13030 1000000 1 60006 1LNH .
2627RILEY + MCCORMICK

» 173LETHBRIDGE
* ) *  CENTRE VILLAGE MALL

< 174LETHBRIDGE
207 12 AVE NORTH
.10 142131603000006000200 1 FNH
175LETHBRIDGE

314 7 STREET SQUTH

¢

i . 310 5 STREET SOUTH

o ! © 10130050 103000000 00004 1 LNH
2627BOND STREET -MEN WEARJ293411

177LETHBRIDGE
COLLEGE MALL

10 130050 103000000080003 1 YNH. ' ———
2627BLACK™S MENS SHOP 3273551

178LETHER I DGE

619 4, AVE SOUTH 03
10130050 103000000130005 1 LNH : ,
179LETHBRIDGE 2627BLACK SHEEP BOUT [QUE32905 1 1
LETHBRIDGE CENTRE . 03
. 10 142 130103000000 130005 1 LNH
. 1BOLETHBRIDGE 2627SWEET 15 3282166
© ‘ COLLEGE SHOPPING MALL + 113 LETHBRIDGE CENTR =O:!
10 130050 10300000026000 1 1LNH )
! 18 1LETHBRIDGE zazvnxcxx's LAplES WEAR -3293272
67-400 4 AVE -03 N
10 1300501030000005200 10 1LNH
' w0 182LETHBRIDGE ° 2627SALLY Eror- -, 3280770
CENTRE VILLAGE MALL - 03
10 130050 103000000080003 1 LNH
18ILETHBRIDGE :e:vn:xru:nos LTD 3282653
» 506 4 AVE SOUTH 03
10 130030 103000000080003 1 LNH
) . Y84LETHBRIDGE 2627PRIMROSE SHOP LTD 3272244 °
: . '€13-4 AVE SODUTH 03
— , 10 130050 1030000000800028LNH . ° ¢ *
’ $85LETHBRIDGE . 2627TPENNINGTON®S 2270677
. LETHBRIDGE CENTRE 03 -

9

10130050 {03 000000080003 1 LNH
476LETHBRIDGE

10 130080 103000000 130005 1LNH

2627VANTAS MEAT MARKET 3294%45

o1

' 3285644
a9

2627CONLAN CDNTRACT{MG ' 3286403

9

2627GENTLEMEN 3 MENSUEAR3272232

. ' ) . 10{30050103000000!20005lLNH

—

, . DATA COMPILED ON TAPE FROM COMMORITY FLGW SURVEY FORM -

-

s

.

bs:vuécuxnsg MENSWEAR

03
3273761
03

.03

»
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APPENDIX - IL L .
lNSTRUCTIONS AND LISTING OF COMPUTER PROGRAMS
COMPUTER PROGRAM-1: The purposc of this progtam is to algonthnucally

calibrate a s\mgly-consu'amcd gravity model of the foxm, oL
“l :
x g ! /
C. d..
& 1 .
( Ti j ) = Pi’ - — ] X ] .
. ’ . A 1< <n
R R 2 ] .‘ , ‘
, ) CJ 4 J
Where,.
T -v’E§timatcd inté'rcﬁéngcs between origin and destination,tons;

1

P; - Production at origin, tons;

. .Cj ’ ,‘- Co;lﬁu;npﬁon at Destination, toxis; , ‘u
- G -i)istance‘ between or'igin and dest;nation'; ‘ ' . -
' | A'/ - Power pa‘rémctcr; and . E, ‘ .
- Opt;mum condition for k o ’_ . IR "
nEscmmon o

Computcr progﬂl is wrmcn in Fortran Languagc The program can be
modxﬁed to handle ﬂow matnccs of dxmensxon i Xj (i = numberof ongms andj =
numbcr of dcstmatlons) depcndmg on the capaclty of the computcr uuhzed.
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i
B

Provided the following inputs are given. Some of the instructions are included in the

- -

program itself. o "

v/
7

The inputs for this program consists of:

1. P, - Productions at each origin , tons. . .

2. Cj_ Cosumption at each destination, tons. .

3. dij _ Distances between origin and destinations, kilometers,

. <

4, Dij . Observed interchariges, tons. and . §

> ~
el .

5 A- pc;wcr parameter valué.

The'—outputs from this program are written on a file talled Tape5 in the form
of 'tables. The output po;sists mainly c;f the ﬁ_'ictibn factors, cstimatcd‘; tons,m
difference between estimated arnd observed tons, new production and con‘sumption
value;, an_d other required data. The obsqrved and estimated tons“are also written
on a seperate file ;:achd Tape6 for LSM to determine the optimum ;mfﬁcient of

[

determination (R2) and correlatior coefficient r values for a specific A value,
Lo ' . ) o ¢ 7

r
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r'd , -
(~ PROGRAM NANDUTINPUT . ouTPUT, npszoe TAPE207. TAPE208, '
*TAPE209, TAPES, TAPEG)
[+
pmmsna(ms.g-as.u-m) )
DIMENSION CF(%.36).SI15),5J(36). scms) R(S,36). sunas(as)
DIMENSION TT(5,36).ETIS,36),DT(5, 35) sumMy2(3s) - .
DIMENS ION snu) 512(4) g
c
[of THE FOLLOWING PROGRAM IS HR!TTEN TO OBTAIN ESTIMATED TONS USING
C.GRAYITY MODEL OF THE TYPE DESCRIBED BELQOW; ESTIMATED TRIPS ET(I,J). .
C IS EQUAL TO P(I) MULTIPLED BY (C¢y)*(D(1,U)*> LAMBDA)) DIVYED BY
t SIGMA OF (C(J)*{(D(1.J)"*LAMBODA))..
c
C THE FOLLOWING BRIEFLY DESCRIBES THE SYMBOLS USED IN THIS PROGRAM:
¢
¢ P(1). = PRODUCTIONS_AT ORIEN, C(y) = cousum;ou AT pzsx__mﬁ'mu
C OT(T.J) = OBSRVED TONS°OF O-D MATRIX. ET(1,¢) = ESTIMATED TONS,
C O(I,J) = DISTANCE BETWEEN ORIGIN AND DESTINATIONS. F(I.J) = FRIETION ]
C FACTOR GIVEN BY D(1,U) *% LAMBDA, CF(I.J) » C¥J) * F(I.J) THE NUMERATOR.
C R(I,J) = EF(1.J) DIVIDED BY (SIGMA OF CF(I,J), ET(I,u) = P(I)*R(I.J),
(or(x J)* OBJECTIVE FUNCTION VALUE, GIVEN 8Y (n(x J) - OT(I.J) SOUARE.
C ALl THE ABOVE _VALUES ARE PRINTED xN SERIES. . tp e o e o
. R
‘c ..'.l.'l.....‘..RE‘D.ST‘TEMENTS e D‘TA lNPUT aesSsPsSeRassERRRED .\
¢ . ‘ , .
[ -o-'-!--. READ PRODUCTION P(I)'S *nesessasew
c R - .
........ ..READ(206,.*) . (P(1),T1=0, N} . . .
¢ : .
C sswssnsssss READ CONSUMPTION c(a) S tusessnsas .
C
nsw(zo? t)(c(.n J=1,0) /
[of .
C . .. teestereser READ OT{1.J),*ORIGINAL®TRIPS seeeessee :
o ¢ . s !
Jindg- HN - '
J2sM » s - - : .
DO 1O K=4,3 T e . .
DO 20 I={,N -_—,
v .. READ(208/%) (OT(I J),urdt,d2) SRS X
20 CONTINUE N " ‘ .
- JisJ14m N A ca -
. Jasg2+m . .
10 CONT.INUE : : . . -
Ic.' e 28022 READ D(I,yg) snoessissess e e . -
RSYALL ' . A
J2eM .
. PO 50 Ket,3 . P : “
. DO 60 I=1,N . .
i % o . READ(209.°) (D( 1,9), u-dt M) ooy et e+ o s oot oo+ 1
80 CONTINUE .- S . .
. Jisg1+M: s . . L '
. Jruaem ‘ - s
80 CONTINUE ) .. N ,
OF DATA INPUT (KNOWN)AND READ STATEMENTS -
. . .~ COMPUTER PROGRAM I - ' S
. . o . N '
. - ‘ v’ 4 . ' . h ‘_' “
; ) * [ ’ . v

-
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/éom'mmn; . o : . ' .
fc J -, ' “
o CALCUtATE ""“""""'F(Igd)'s RO RASEPEE N NS S
c ’ :
’ D0 %3 I=t N~ - .
. DO 53 J=1,0 ‘( ’ . .
. L F(1.J)=C(D(], \n--‘t-g 75))) - -
(% ..
1c sevsess THE FOLLOWING €0. FOR LOG D(I,J) e==eees : R 4 ,
o ‘
¢ FOI.J)={(LOGI(D(2,4U)))) - . ~
C , . ;
53 . CONTINUE . . . . . LN
Jc . . ,
c [ EE RS T ENY ] BEGINN!NG'OF'PRINT‘STATEMENTS 'I“"""'
pe ,
' WRITE(S,9990) N
. {9990 - * FORMAT(2X, ////////////) R
c . Nis e e ma e een aee o e b b e e mee e e ee e e s 4 e e b se Bessares b oeas seenen v neses saen " *
wnns(s 8788) -
8798 . FORMAY (30X, ‘(AMBDA=-0.78%, CC-FREIGHT M=1,2008ERIES ' .)
c . B
WRITE(5.9899)
9'999 FORMA#(aOg ,..-.......-f‘h....-.a............' //)
1 WRITE(S, 103) |
103 FORMAT (30X, '-----mcnou ncmas F(1. u)s-"--'.////)
c
d1r .- O
J2sM ' ' . 4 N\
DO 400 K=1.,3
DD,22 J=1,N 4 . L ,
| wanE(s 14)(F(1,4).J=U1,J2) . .
14 FoRMAT(S\Jzno 2.//) »
22 CONTINUE . LA
, T dindi+M - - :
J2=J2+M \ : r
400 CONTINVUE = * . - . 40
c o .
c "","""'END‘OF'D‘ATA SET Up FOR PROGRRM .-.-'-o---,-;b.
c ) ,
(o] .tl.t........ C(\J)‘F(\I..d) X I 2 E X R FTERN NN
¢
eaw.,. DO S6 I=1,N . . .. . .
R DO %6 J=1, o . .
CF(1,U)s (F(I J)e (C(d))) .
56 CONTINUE . .
[ @ ° .
WRITE(S,5992) . o °
9992 FORMAT(2X,///////7//717). . . .. . .. ..C . o .
c ' ,
WRITE(S,104) ; .
124 romn(sox.'---"cw)xr(l J)=CF(1, J)S""“’ //) Yo ’ .
c .
Jixt % . ol
T bo 402 kel 3 . .
Do 23 'Is1.N S
, WRITE(S.15)(CF(1.J).ysJt,u2). <
15 FORMAT(5X, 12F10.5.//). . :
23 - CONTINUE . ‘ R
\. JiJ14M . '
- \ ’ N ”
) “
Al .
A /o, - o .

B 3

t



. (‘\1 b
- . ' '1?6 ( . _ .
- ' ) nf o ’ .
CMD: ‘ X ‘
. ( J2sy24M B ’
402 CONTINUE . \“:::v
c .
[N c - ""“"""""@‘LCUL‘TE SIGN‘ C(d)‘F(x )'SCF(\J).RDV‘SUM"“"‘
c v
\ ch(-I)-O N
[ PO"58 1=1,N
00 58 U=t 0 ‘
SCF(1)w(SCF(I)+EF(1,u)) .
L1 CONTINUE . . .
c .
> N VR!TE($‘9993) ................
9993 ° FORMAT(2X, ////) . )
c . . "
LWRITE(S,999) )
999 FORMAT (30X, """SIGMA‘OF CF(I, u)-scr(l J).eeeeer 7/)) .
c o
. 1 ... DO 4449 1= N e e e e e e e e s
] i WRITE(S. 71)(scr(x))
' 77 FORMAT(J35X.F15.4,//) °
444 CONTINUE i
(o CL
[} c-.----'--:- S‘CA CULATE R(I.J)!C'F/SXGMA _C‘F [T X RIS R T IN L 00 J
c > . i s - -
& /SCF(1))
666 g
c . ) »
- WRITE(S, . e e e e s ae e
909 FORMAT (30X, ‘e==**GF(1,J)/SCF(I J)*R(1,V)S,*****"////)
c . . ‘.
Jin1 “
J2sMm . -
', DO 404 K=14,3 .
. ....PO 25 I={,N ¥ .
» WRITE(S, 17)(n(1 Y uRde, u:) .
17 FORMAT (8X. 12F 10. 5.//) ‘
‘I2s ~.. CONTINUE L - - -
ERVALIERS
J2eJ2+M . . '
4q4n.m“ o CONTINUE - ...“...I ..........
C -.‘-o.ttn..ccAkoL‘Tg ET(’ d). STIM‘TEQ TONSOu‘otta...t.o.-t..i---
c - v
- DO 144 I=% N
DO 144 J=1,0
e BT (POI)*(RAT,U))) B e s g e+ o
144 CONT INUE \ T '
C J ‘ s
. FORMAT (25X, ’*****EST. MINUS ORI. TONS**=*+{.////) oo &
. (o] + N g J \\, N
. DD 9878 I=1 N
e, DO OBTB JOU 0 N ks e e s Ansssemmmeteesssnens |+ soeine]
-l Fr{1.d)e((eT(T,0))- (onx Jy)y
9878 CnNTINUE - v
c . - c—
i DO 2343 1=1.N J
DO 2343 J=1.,0
\ . WRITE(6,2344)(0T(1,y)), (EF(1 . J))
L - - A ) L
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CONTINUED; ., . ’
)

(40 CONTINUE - - ] : -

JisyteMm :

J2sJ2+M \"\ . !
118 CONT INUE ) -
C .

. WRITE(S,69995) z :

gsgs FORMAT(2X,////) " L '
T\ WRITE(£,8464) - ) )
8464 FORMAT(25X,’sg*** ESTIMATED TONS.ET(I,y) seseber ////})
c . c ’ . .

Jisyo

J2=M

-

1889
1324

1325
c

9996
c .

7876
C

8373
9820

9821
c .

9987
c :

8383
C

> 2 DO 1325 K¥1,3

) )

.00 1324 Is={ N :
WRITE(S, 1888 )(ET(1,J),u=u1,u2)
FORMAT(SX, 12F9.2,//)

J2=J2+M
~ CONTINUE

WHITE(S.9096), - ¢ .
FORMAT{2X, ///X) '

" ’

VRITE(S 7876} ° )

-

FORMAT(2SX ALl [ET(I J) MINUS or(L dL]""" 77007 .

Ji=1 . . N
M2=M A e i
‘D0 9821 K=1,3 e
DO 9820 I11.N *
WRITE(S,8373)(TT(1,J),Jsd1,u2)
FORMAT(SX, 12F10.2,//)
CONTINUE
Jisgiem 0 -
J2=y2+M
CONTINUE

"WRITE(S,0897) '
FORMAT(2Xx,///7) . )

'(w“ﬁj%t"("g"ﬁ‘ﬁéj)' . . I T P

'

FORMAT (28X, ' =*=*%* SQUARE OF[ET(I,J)

-

Jisg vV .
y2=M .

. DO 7838 K=1,3 L e e m e sy e

no 7837 1-1 N .

T WRITE(S, 3938)(07(! J).JmJde, J2)

FORMAT(5X, 12F 10.2; /7))
CONTINUE

Jingiem

J2RJ24M e
cour!uue .

WRITE(5,8998)."
FORMAT(2X,////)

»

- DTLI, W) )eerenr 1/ /])

* uw

b
oY
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CONTINUED; ° ’ \

‘ Ea

29444' FORMAT(F9 2.2X, F9 2 //) . - ‘

2343 CONTINUE

c ‘ll‘....-- CALCULATE DT(I \J)' DIFF SOUARE (T2 TR FNRR ]

c

\ oo 271 1=t .N B ) .

( 271 J=1.,0

. DT 1.J)= ((TT(I d)"(z)))

271 CONTINUE .

(o

(o CDLUMN AND ROW 'TOTAL OF ESTIMATED TRIP MATRIX

c ) .
sUwia(ijeo ¢ ,

N DO 887 I=1,N ) -
DO, 6%7 U=1,0
. . SUMI2(I)= (sunlz(x)*ET(I J))
987‘ CONTINUE —-
C e e e e

487
C

C

600

500

c ..
9894
C

104 &
c

. SUMS=SUMS+SI(1)

C wewassaece CALCULATION OF COL.TOTAL =EST.C(J) s***

DO 487 J=1,0
SUMJ1(J)=0
SUMJ2(J) =0 : ’
0O 487 I=1 N
SUMJ1(J) = (SUMJI(J)+OT(TI,J)) L
SUMU2(J )= (SUMdz(d)tET(I J)) O
CONTINUE —

c :-*~-'-- TO CALCULATE SIGMA OF OT(I,J),ET(I,J) AND DT(I,J) *==

SUMS<0 . . e
SUMS 1=0
SUNS2=0

" DO 500 I=1,N ' . ,

SI1(1)=0"

DO 600 J=1,0

SI1(I)= (511(1)*0?(1.
SI2(1)e(SI2(1)<ET(1,
SI(I)=(SI(I)+DT(1.J)}
CONTINUE

SI1(1)=0 '
. S12¢l)e0 ., o - L %

J)).
J))
)

SUMS1ISU"51‘51’('X) e : “,
SUMS2+SUMS24512(1)
CONTINUE :

c -"3-'-- BEGINNING OF PRINT STATEMENTS I[ sweescsvassss

"WRITE(5,9894)
FORMAT(2x.///7/) - .

WRITE(S, 101) = -
PORMAT (30X, **=ess OBSERVED TONS ,OT(I.J)-ovsmes /M)

N

A e ."'n

T e . S

J2eM ;
DO 118 K«1,3.

DO 40 I=1.N
WRITE(S,98)(OT(T,U).d=d1,u2)

FORMAT (20X, 12F8.0.//)

I

. ¥

A\,
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CONTINUED;
[ WRITE(5,171,) P
177 FORMAT (25X, '===*»e DPEPANCES D(I. J) asvans ////)
[ ....d(*'k
Jismy f' POl
J2=M . .
\ DO 872 K=1,3 - . bl
( DO 70 I=1,N — -
WRITE(5.80)(D(I.J).J=J1.J2) .
80 FORMAT (20X, 12F5.0,//) '
70 CONTINUE . \ .
J1sJ1+M o s
. U2sJ2+m e e . . . C o . i
872 CONTINUE _ .
¢
WRITE(5,9910)
9910 FORMAT(2X.////).
c -~
M. . WRITE(S,988) __
088 FORMAT(2OX +awous DRIGINAL AND ESTIMATED P(I)esnser’ jj//)-
c .
WRITE(5,989) .
989 FORMAT (25X, ’ PLI) 78X, EP(I) 1)
c
DO 454 1=1,N ; - e
WRITE(S, Gaﬁ)(P(I}) Asumia(n)) -
€45 FORMAT(25X . F9.2,5X,F9.2.//)
454 CONTINUE
c - 4
\ wRITE(S,967) \
967 FDRMAT (25X, ‘=#sewees ORJGINAL AND ESTIMATED C(y) **=',//) ...
c : : .
WRITE(5,968) :
968 FORMAT (25X, * cly) ‘L 8X, CEC(JY . /)/)
c .
DO. 333.U=1.0
... .. WRITE(%,203), (SUMJ!(J)) (suuuz(u)) e e
203 FORMAT (25X, F9§.2 5X. £9 2.//)
333 CONTINUE
c U !
WRITE(5,/501) -
501 FonMAT(zsx * §1G.DT(1,J),.SSD VALUE',////)
G e e . V! . . e
' bO 804 T B
WRITE(5,502) SUMS . ' e
502 FORMAT(25X,F15.2,//) “ .
504 »  CONTINUE S
c LA E XS RN N END DF RUN (AR RN EZ B |
B L Y . C e e
END ] .
eore “ b N - .
-
e S P
\ .
W,
L] . .
ey .
{ 1]
J . -

L

. -

ar
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SPSS

COMPUTER PROGRAM -II:  The purpose of this’program is to anlayse the vast
wy ¥ ~

commodity flow d4fausing a sub-program called CROSS TABS from the SPSS

(Statistical Packaéc for Social Sciénces). This program is nsed for modal split

® analysis of the com{nodity movements across Alberta.
' DESCRIPTION:
The fc‘)llowin.g gives general instructions of timc basic inputs required for using the
| cross-tabs, various other options are available under cross-tabs. -
\
P -
RUNNAME - Title of the project; '
VARIABLE LIST - List variables by name;
. . NUMBER OF CASES - Numbe of cases; p I
) ' INPUTFORMAT - Specify format for reading the:listed variables;
" MISSING VALUES -\Itf':ny; and -
’ r VALUE LABELS his is list éf names to the variables according to
< e : ‘their codes in the data file. C
¢ | N ,
The output for this program. is ‘obtained by ‘spccifying the type of
*Cross-Tabs requfred depndugg on the purpose of the msearcher 'I‘hc output consists
\ J of tables with percentage of distribution of specified vanablcs
v , -
\ . . /
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Y DESCRIPTION:
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_ BMDP

C:vv‘.‘/ "
COMPUTER PROGRAM - III: The purpose of this program is to anlayse the
]

vast copfhodity flow data using a sub-program called BMDP-4F from the BMDP

« (Bio Medical Computer ia‘rogrhxns).' This program was used for the analysis and

. development of modal split models(log-linear and logit models) of the commodity .

movements across Alberta.

%

The. following gives general instructions of the basic ifguts required for using the

kY

BMDP-4F, various other-options are available under this package.
PROBLEM " - Title of the project; )
) ‘ INPUT . ¢ - List variables by fame (if cell frequencies ar—;
\ ,; ' \ . used it should be namcd. asa varaible), name of
- ¢  data file,format. for rc;dix{g, and number of
) cases; . 5 ’
. CATEGORY .- | Pnov;dc labels for eacl\;‘ variable to be analyzed;
TABLE - .- Gives the multiway table desired;
" AFIT . ' -\Used 1o specify the model(s) to be invesﬁ)gatcd.
. S y 'I:hc word model requires the symbols for the
. terms to be included in the model. ‘
PRINT - Provides for additio;lgl out put such as kxpected

values, standardized resfduals, lambda (required

for logit model), etc.
! .
P "
X ! '
2 } ° oo & 5 .\
" N ¥

r—

\



i

193

-

The output from this program consists of, degress of freedom, G2 statistic (‘ for
likelihood Gratio test), logits(W terms) and standardized residual values. Also, it
gives sorfle other useful statistics necessary for log-linear and logit.analysis. The
important part of using this programﬁ to make sure the inputs are in the required

format as specified in the program listing. “
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FWPROGRM} CONTROL INFORMATION z
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Two- UAY FREQUENCY TABLES -- HEASURES OF ASSOCIATION
CULTIHAY FREQUENCY TABLES -- LOGLINEAR MODELS (INCLUDING SWCTURIL ZEROS)

r‘_

[ 101 S?AT!STXCAL sorTvgp " INC.
1964 WESTWOOD BLVD 1TE
Lpnoelun VERSION, ’APRII,# 1885,

THIS VERSION OF ,BMDP-85 HAS BEEN CONVERTED FOR
CDC NOS AND NOS/BE OPERATING SYSTEMS

COPYRIGHT (C) REGENTS OF UNIVERSITY OF CALXFO#N!A

|.—h0S5. ANGELES, CALIFORNIA 90028 ' TELEX, 4992203

202 PHDNE (213) 475-5700

-

z..

lqv BMOP. PROJVEGT . VOGELBACK COMPUTING CENTER
NORTHWESTERN unxvsnsx’rv

2129 SHERIDAN ROAD

EVANSTON, ILLINOIS 60201

(312) 491-2197

COC. RELEASE_DATE, JUNE 1986,

PARAGRAPH FOR A SUMMARY OF NEW FEATURES :
EXECUTED ON 87/11/07 AT 11 26.18.

MANUAL EDITION., 1983, 198% REPRINT. STATE NEWS TN THE PRINT

CASES ARE .48.
(VARIABLE -
/CATEGORY NAMES(1) ARE A, B C -D

' CODES(1) ARE 1,2.3.4.

to* CODES(2) ARE 1.2.3.4.5.6.

4 NAMES(3) ARE TRUCKS .RAIL.

.NAMES ARE QOIST,COMM PREF FREQ. .

/PROBLEM T TITUE 1SV MODE “PREFERENCE av DISTANCE" .
7/ INPUT .- " -—--VARIABLES ARE 4. -
- . FILE=DATA2. *

FORMAT IS '(F2.0.1X,f1.0,1X.F1.0, 1X, Fa. 3K '}

NAMES(2) ARE GEN. FOOD, FOREST ,PETRO,BULK ,HEAV,

. CODES(3) ARE 1,2,
/TABLE INDICES*DIST: coun PREF .
SYMBOLS =D .XK,

COUNT 1S ggso o
/FIT ‘ ALL. :
. ) MODEL IS DK,DM.
ADDSSIMPLE .

) OELETE=SIMPLE.

/PRINT EXPRECTED. :
STANDARD] ZED. .
LAMBDA . . .

/ -

END. E e

~ ©

S

‘b S e b -

&
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