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EXECUTIVE SUMMARY

The primary purpose of this report is to improve Kansas Department of Transportation’s
(KDOT) ability to manage the increasing truck volumes and axle loads on the state highway
system. By determining truck type, size and estimated weight and volumes by commodity,
equivalent single axle loads (ESAL) estimates by commodity can be determined. The current
personal computer (PC) version of Quick Response System II (QRS II) was used to distribute
and assign heavy truck trips to the statewide network.

Specific tasks completed on this study were to: (1) investigate and compile all existing
relevant data available to the study team; (2) convert all commodity flows to truck loads and to
ESAL values; (3) use appropriate data bases, KDOT existing statewide networks, and the QRS
II PC program to make assignments to the statewide network for five agricultural commodities;
and (4) write a final report of methodologies and procedures used and the study results.

This research project was conducted as a joint Kansas State University (KSU) and KDOT
effort. All computer runs were done by KDOT staff using trip tables and related commodity data
supplied by KSU. Details of the data supplied and details of the computer generated
distribution/assignment process are discussed in detail later.

Constraints and Limitations

The study covered only the highway mode. It was limited to heavy combination vehicles
(i.e., trucks with one or more trailers). KDOT and KSU data and a previously developed
statewide highway network developed by KDOT were used to develop the statewide commodity
flows.

The QRS II microcomputer traffic distribution and assignment methods were used where
appropriate. The QRS II distribution program was used only for distributing the external-local
trips.

Reliable, complete data for verification and adjustment of the computer output was not
available. Subjective judgement based on a vast amount of experience was used to evaluate and
adjust the output.

Literature Review

No attempt was made to conduct a comprehensive state-of-the-art statewide commodity
flow literature review. Only literature to give a brief background of the modeling process used
in the study, plus direct or relevant studies, were reviewed. Early work on statewide



transportation studies, reviewed in a previous KSU study for KDOT, were mentioned briefly for
background information.

Most of the recent statewide freight flow studies reviewed were not considered relevant
to the current study. However, NCHRP Report 260, a comprehensive review of statewide
commodity flow models, was reviewed and its relevant points are presented in this report. More
relevant to this project are two studies previously done by KSU for KDOT and subsequent
KDOT in-house studies.

The two previous studies were reviewed in some detail. The first was a 1977 KSU study
conducted for KDOT to investigate and develop a state-wide traffic assignment model for the
State of Kansas. At that time it was believed that acceptable estimates of future travel on all
segments of the state’s primary truck highway system could be obtained by a model whose
parameter reflected future populations of urban areas. Thus, the total number of vehicle trips and
truck trips could be estimated between various urban pairs, or in corridors between major areas,
given specific future populations.

Various population-based models were used in this study. The basic parameters of
distance and sufficiency were used for travel impedance. Sufficiency could be thought of as the
percent of the speed limit that a driver could safely and conveniently drive a road section.
Sufficiency was based on a 0-100 scale which was used by KDOT at that time. It was concluded
from this previous study that the best results were obtained by running the final, calibrated model
once using distance as the route impedance and once using sufficiency and then averaging the
results. The practice of using sufficiency ratings was discontinued in Kansas several years ago.

Subsequent Work by KDOT Staff

As published in a 1984 in-house report, KDOT staff subsequently developed a new,
computerized state highway network. Population and employment were the two socio-economic
data items used in the trip generation process for the total vehicle and the volume trip length
index (VTLI). Population, employment and agricultural sales were used to generate truck trips.

Trip Generation. Agricultural sales were used for truck trip generation. The sales consisted of
total dollars of products sold in the 1978 U.S. Census of Agriculture, for each county in Kansas.
A computer program was written to distribute the sales to the 564 internal zones, based on the
ratio of each zones’ estimated total farm acres to the estimated total acreage of the whole county.
Data were then used in trip generation along with employment and population. The trip
generation model previously developed by KSU was modified for the trip generation portion of
the 1984 in-house study.




Trip Distribution. The gravity model was used for trip distribution after the generated trips were
determined. Impedance factors for the total trip distribution were developed based on highway
distances and external origin-destination (O-D) survey data. To develop heavy truck impedance
factors, trip records from the 1977, 1979, and 1981 truck weight surveys were used in
conjunction with the minimum highway distance impedance file.

Traffic Assignment. Six different highway characteristics were used in measuring impedance
value per length and six different sets of paths were built using these impedance values. For
each of the six characteristics, minimum impedance paths were built and assigned total vehicle
and truck trips. Four of the loaded networks were then subjectively selected for analysis. Parts
of paths were obtained to examine the accuracy of the paths and impedance values were adjusted
as necessary, by a subjective analysis.

As aresult of the 1984 in-house study, it was recognized that better commodity and heavy
truck flow data was needed. The current study was commissioned based on using existing
commodity data and the PC transportation software, QRS IL

Quick Response System II (QRS II)

QRS (Quick Response System) was developed in 1978 as a set of manual techniques.
Originally, the program was developed for analysis of areas that were too small in size to warrant
use of computer packages available at that time. Federal Highway Administration (FHWA) released
the updated computer version called QRS II in 1981. The program was not substantially changed
from the original program but the new version was capable of handling larger planning problems.
QRS II was updated and interfaced with the general network editor (GNE), a powerful computer
program developed by the University of Wisconsin. This program enables the user to develop a
network, enter descriptions and numerical data about each element, edit the network and its data,
compute intermediate results and search network elements which correspond to a set of criteria.

Overview of Current Commodity Data in Kansas

Data used in this study were largely secondary data designed to estimate O-D of large truck
movements of the five commodities: (1) wheat, (2) corn, (3) sorghum, (4) soybeans and (5) boxed
beef. Original data from which the published secondary data were made available were obtained
through mail surveys, telephone reports and personal on-site interviews.

Available data reports the percentages of annual truck shipments to in-state and out-of-state
destinations from origin areas (i.e., counties or crop reporting districts) within the state. Percentages
of total annual shipments to given O-D combinations were applied to annual commodity production
figures for Kansas to arrive at bushel and tonnage figures. These figures were subsequently



converted to truck loads to be assigned to highway routes between designated O-D.

Production of grains and soybeans in this study are annual production averages for a ten
year period, 1979 to 1988. Kansas’ average annual production of soybeans for this period was
43.2 million bushels; 393.0 million bushels of wheat; 139.4 million bushels of corn and 225.9
million bushels of sorghum. Because large annual fluctuations in the production of beef did not
occur in the 1980 decade, the single recent production year of 1988 was used to estimate beef
production.

Data for this study were assembled from several published sources. Data was selected
for the purpose of estimating the flow of freight by heavy trucks among O-D in Kansas for the
five commodities listed earlier. Data sources for soybeans, wheat, corn, and sorghum were
basically the same but in each case specific adjustments were made in the data base to take into
account unique commodity characteristics. Adjustments were of two kinds. In some cases,
adjustments were made in percent of movement by truck to compensate for the impact of a
higher levels of rail shipment from transhipment points in some districts. Adjustments were also
made where the reported designations were not geographically specific, such as shipments to
Kansas feedlots for truck shipments of corn or to Kansas flour mills for wheat.

A major source of data for estimating volumes, origins and destinations of soybeans,
wheat, corn and sorghum were the annual Kansas State Board of Agriculture reports on Grain
Marketing and Transportation (GNAT). The GNAT report indicates the size of the current crop,
percent of crop sold to all major market outlets (i.e., dominantly local elevators), and percent
market distribution transported by rail and by truck.

Summary of the Data

As indicated in the GNAT report, truck transportation is important to the distribution of
the products of Kansas agriculture. Truck transport of the four major crops on which the report
focuses has been increasing steadily for many years. Shipments of wheat from Kansas elevators
increased an average of 16.6 percent in the first three years of the 1980s to 24.3 percent in the
last three years. While corn shipments by truck remained at about 58 percent during the 1980s,
sorghum shipments increased from 40.6 percent to 44 percent and soybeans from 56 percent to
60 percent.

Transport services to the beef production, slaughtering and distribution industries continue
to be supplied almost exclusively by truck. Kansas cattle slaughtering plants distribute beef
nationwide. Quality linkage with an interstate road network is essential to the viable beef
slaughtering industry in Kansas.



While the commodities included in this study are of major support to Kansas agriculture,
other products using heavy truck movements are also important. Major quantities of fertilizer
and other agricultural chemicals are moved to local communities by truck. Fuels used by
agriculture producers are distributed by truck. Agri-business manufacturing plants at rural or
small farm locations particularly depend heavily on trucks to supply transport needs. These non-
agricultural products were not included in this study.

Network Development and Assignment Procedures

Base Network Creation and Testing. There were nine networks created for the project: three for
internal and six for internal-external trips. All nine networks are based on an Urban
Transportation Planning System (UTPS) network created and used by KDOT. The network
contains 202 transportation analysis zones and 2,200 links. The county seat was assumed to be
the zone centroid. Zones of interest were 105 counties and 68 external stations. The 68 external
stations are located where state highways cross the Kansas border and where KDOT had 1988
total heavy truck counts. This UTPS network was down-loaded to microcomputers and converted
to QRS II format.

The first network created was the State Transportation Plan (STP) network. STP codes
are A through E, with A basically interstate routes, B other state primary routes, down to E as
stubs and other less significant routes. The second network created was a toll facility network;
the third network was based on terrain. Since percent no passing, which was used as a surrogate
for hilly areas with slower heavy truck speeds, are only given for non-divided facilities, divided
facilities were mainly assigned speeds using subjective judgement based primarily on the
physiographic qualities of the provinces depicted by the Official Kansas 1991-1992
Transportation map. All assignments were run on all three networks with the final result a
weighted average that is, 50 percent STP network, 30 percent Toll network and 20 percent
Terrain network.

Network creation for the internal-external trips, and the three networks of STP, Toll and
Terrain were also used. It is not known what portion of the external station heavy truck counts
are agricultural products. However, the research staff was reasonably sure that the result would
be between 25 and 40 percent of the counts. It was decided to make two separate assignments,
one assuming 25 percent and the other assuming 40 percent that represent lower and upper limits
of the actual heavy truck flows. Three networks were created for each assumption for a grand
total of six networks.



Internal-Internal Trip Table Creation

The county-to-county trip interchange was supplied for each of the five commodities by
the KSU staff in a spreadsheet format. These spreadsheets were converted into ASCII
"addtrips.txt” files and converted from commodity units to trucks by the KDOT staff. For the
grains, a conversion of 850 bushels per truck was used. Beef was converted at the rate of 44,000
pounds per truck. These converted ASCII files were used as inputs into QRS II trip assignment
module.

For beef, soybeans, and wheat, spreadsheets for each commodity containing county-to-
county interchange and county-to-out-of-state interchange in commodity units were supplied by
the KSU researchers. County-to-county spreadsheets were converted into trucks and exported
as ASCII "addtrips.txt" files for input into the QRS II user data to find trip tables. The input
files were then used for all three internal-internal networks for vehicle assignment. Output
networks were collected from each of the three assignments. Assigned loads from these output
networks were then inputted into the spreadsheets. Loads were then combined and the final
spreadsheets were the sum of 50 percent of the STP network assignment load, 30 percent of the
Toll network assignment load and 20 percent of the Terrain network assignment load. These
weighted loads done by the KDOT staff were used to establish bands for graphic output.

Corn and sorghum data were processed in basically the same way except an extra step
was added for distribution. Spreadsheets contain production in each county and consumption in
each feedlot within each county instead of county-to-county interchange of the grain. Production
and consumption were combined with a KDOT county-to-county distance matrix, and then put
into a distribution model developed by the authors. Output from this model was a county-to-
county truck trip interchange matrix for each commodity. This matrix was converted to ASCII
"addtrips.txt" file for input into QRS II as trip tables. The remainder of the procedure was the
same as previously described for beef, soybeans and wheat.

External-External Trip Table Creation

KDOT had previously taken external O-D studies at various locations around the state for
decades. These studies were aggregated to determine what combination of vehicle trips were
captured with both ends of the trips outside of Kansas. Great care was taken not to double count
any trips that might have passed through two O-D stations in different cities. The trips were
assigned entering and exiting stations around the border of the state. These trip interchange
combinations were used in creating through trip tables for input into the QRS II input assignment
module. Again the vehicle assignment procedures were repeated.



Internal-External Trips

Because the interchange of internal-external trips were unknown, the trip distribution was
left to the gravity model portion of QRS II. Heavy truck trips had to be given surrogate names
corresponding to standard QRS II trip type names. Border station counts include both
agricultural commodities and non-agricultural commodities, which needed to be distributed
separately. To accomplish this, the external station values were assigned a value as home base
work (HBW) (agricultural) or home base nonwork (HBNW) (non-agricultural) productions. The
centralized, representative parameter in each county was assigned a value as HBW or HBNW
attractions, based on the remainder of trips produced in each county but not accounted for in a
county-to-county interchange matrix. The gravity model basically assigns trips from a production
to an attraction based on the likelihood of that occurring. The likelihood of a trip occurring is
mainly a function of travel time between origin and destination. The output is basically an
interchange model. This matrix was then used like the internal-internal matrices as input for the
QRS 1II trip assignment module.

If assignments were made of only agricultural commodities as a basis of distribution of
the internal-external trips, this would bias the trips toward the more agricultural areas of the state
and away from population and employment centers. Therefore an employment component was
added by splitting the productions at the external stations as described below. The centroids
representing each county were modified to include the countywide employment figures as home
base nonwork attractions (HBNWA). The program’s gravity model was then used to match up
HBNWAs at the counties with the HBNWPs (home base nonwork productions) at the external
stations to simulate a non-agricultural trip component based on employment.

To accomplish the procedure, the external-local network was created by manually entering
production and attraction values at the external stations and at the county seats in the three
existing networks. Total productions at each external station were determined by taking the
heavy commercial vehicle counts at the station less through trips that enter or exit through the
station. These trips were then split into 40-60 ratio (i.e., a 40 percent agricultural, heavy truck
trip, entered as HBWP and 60 percent non-agricultural heavy truck trip, entered as HBNWP).

To form an envelope of probable ratios between agricultural and non-agricultural external-
local trips, the process was repeated using a 25-75 ratio. For agricultural trips, each county seat
was assigned a HBWA as determined by summing the commodity spreadsheets for non-Kansas
destinations (i.e., the sum of truck loads of beef, corn, sorghum, soybeans and wheat that leave
the state in each county seat). Employment of each county was entered as HBNWAs, surrogates
to represent the non-agricultural trip attractions.



Adjustments to QRS IT

The QRS 1I distribution model had to be modified for the heavy truck trip assignments
of commodities. One difficulty was the limitation of a maximum of 60 minute trips. To offset
this in a statewide model, the scale of the networks was reduced by a factor to change the
relative state dimensions from 200 miles by 400 miles to 20 miles by 40 miles. Also to allow
the model to balance the productions and attractions, HBWP and HBNWP values had to be
assigned to one of the external stations and HBWA and HBNWA had to be assigned to one of
the county seats. Adding these productions and attractions to one external station allowed the
balancing feature of the program to run with no adverse affect on the output.

The inputs were used to override the QRS II trip generation model. Balancing the trips
was performed based on productions remaining constant so that trips crossing the states cordon
line would not affect the counts at the external stations. Trip distribution was performed on the
exponential friction factor equation; FF = 1/e*, with x = 0.1. Trial and error determined that
using x=0.1 yielded what was subjectively determined by KDOT staff to give the best results.
Only one interaction of the distribution model was run to make the trip lengths more realistic by
not forcing longer trips to balance. When more than one interaction had been run, the average
trip length that resulted was about 50 percent higher than the 110 miles that KDOT assumed was
an average trip length, based on previous studies.

Output procedures were completed on the QRS II output network. Care was taken to
maintain compatibility with the other networks since the scales for all trip categories are
different.

Output

Output created from the traffic assignments is shown in the form of band-width plots.
These plots indicate the relative uses in terms of heavy trucks per day on each segment by width.
Because of wide variations in the values and physical limitations, each plot has the "best" plot
for that trip category, although all scales are different and cannot be directly compared to each
other.

There are five individual commodity plots of: (1) beef, (2) corn, (3) sorghum, (4)
soybeans and (5) wheat. One plot is the sum of all grains. Two plots were created showing
internal-external trips; one at a 60-40 split and one at a 75-25 split. One additional plot
summarizes all five commodities external-external and internal-external. A graphic representation
is shown on the next page. The summary includes all heavy truck trips in Kansas except the
non-agricultural internal-internal trips. The major accomplishment of this study was development
of the basic groundwork towards a tool to determine ESAL from existing commodity flow and
state system data base input. An important secondary accomplishment was the compilation of
better commodity quantities and commodity O-D data than had previously been available.
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INTRODUCTION

The primary objective of this study was to analyze current heavy truck commodity
movement in Kansas in order to have better base data for current use and to act as a base to
predict state highway needs for future heavy truck commodity movement, and associated axle
loads, to aid in programming long-range planning and maintenance of the state highway system.
The results of the study will aid in developing specific tools for the long-range management of
heavy truck commodity movement, which would designate primary truck routes for stronger
pavements and minimize future highway construction costs and maintenance over the whole
system. The study was conducted as a joint Kansas State University (KSU) and Kansas
Department of Transportation (KDOT) effort. KDOT personnel provided valuable assistance
with computer runs and graphic output.

Knowledge of key commodity flows for key industries within Kansas should enable
KDOT to: (1) assess current heavy truck travel patterns and (2) analyze and predict future heavy
truck commodity movement and associated truck axle loads in terms of 18,000 pound equivalent
single axle loads (ESAL).

Statewide freight traffic generation involves estimating the quantity and origin-destination
(O-D) of freight moving on the statewide network. Freight travel patterns in a region are
generally a function of the following parameters: (1) geography; (2) economic sector of the
region as defined by the Standard Industrial Classification (SIC) codes; (3) number of employees;
(4) commodity types as classified by the Standard Transportation Commodity Codes (STCC); (5)

distance of travel; and (6) transportation modes.



Freight traffic distribution involves estimating vehicle interchanges or commodity flows
between O-D. In reality, states are not isolated economic entities, and much freight movement
has either the origin or destination outside of the state or region.

In order for a computer model to effectively generate information on current or projected
commodity flows, the model must first be linked to the statewide network of highways. The
system must satisfy the projected commodity flows.

There are four planning activities or analysis stages which could be used to determine
specific data requirements:

1. Demand Forecasting

2. Mode Choice Analysis

3. Network Analysis
4. Economic Evaluation

Demand Forecasting. At present, there is a need for greater accuracy in freight demand
data on the state level. Prior to this study, for example, Kansas had to rely on forecasts of travel

(i.e., projections of historical highway use).

Mode Choice Analysis. Mode choice analysis is a method of determining which type of
transportation a particular commodity will likely be shipped (i.e., rail, truck, barge, or air).
Only truck and rail are significant in this study; thus, mode choice analysis models were not used

and only data on agricultural commodities shipped by truck were developed.

Network Analysis. Use of computer distribution/ assignment methods needs to be further

refined in order to simulate a more realistic routing of various freight commodity movements.



Development of more refined methods can be directly related to improvements in the availability
of commodity flow data that can be used in verifying and adjusting commodity flow output.

Output for this study could only be "verified" subjectively.

Economic Evaluation. In order for economic evaluation to be developed to its full

potential, there must be further analysis of development costs, rates, transport time, and related
economic variables. These relationships are essential to making future projections, but were not
addressed in this study. KDOT has funded a 1993 research project that will attempt to model

future heavy truck flows.

Objective and Scope of the Study

The primary purpose of this research project was to improve KDOT’s ability to manage
the increasing truck volumes and axle loads on the state highway system. By determining truck
type, size and estimated weight and volumes for each commodity, estimates of ESALs can be
made. Current personal computer (PC) versions of transportation planning models aid in
analyzing transportation policy for heavy truck commodity movement on both the current and
future highway system.

Specific tasks completed on this study were:

1. Investigate and compile all existing relevant data available to the study team.

2. Investigate existing PC programs along with KDOT input, in order to decide
which package is most applicable.!

'Because KDOT made the decision to use the QRS II package, other available programs were
not investigated in depth.



3. Use appropriate data bases, KDOT’s existing statewide networks, and the
QRS II PC program, to assign truck trips (i.e., volume of heavy trucks) to
the statewide network for the five agricultural commodities of: (1) wheat; (2)
corn; (3) sorghum; (4) soybeans, and (5) boxed beef. Through trips and
external local trips for all commodities were also assigned.

4. Convert all commodity flows to ESAL values.

5. Provide a final report of the methodology and procedures used and the study
results.

Constraints and Limitations

The research project covered only the highway mode and was limited to heavy
combination vehicles, (i.e., trucks with one or more trailers). QRS II microcomputer traffic
distribution, assignment methods, existing KDOT and KSU data, and a previously developed
statewide highway network developed by KDOT were used to develop the statewide commodity
flows.

The research funding contract was awarded based on the presumption that adequate data
were available in KDOT and/or KSU files. This did not turn out to be true. Thus, since no
Tesources were available for data collection and no data bases could be found to adequately
model all commodities, the scope was altered to include a complete distribution and assignment
of the five major agricultural commodities listed before of wheat, corn, sorghum, soybeans, and
boxed beef. All other internal commodities were considered as "other" and not addressed.
Another research project funded by KDOT in 1992, employing a statewide survey of all major
employers, will continue with the distribution/assignment of non-agricultural commodities,

Reliable, complete data for verification and adjustment of the computer output was not

available. Subjective Jjudgement was based on vast experience supplemented by existing data.



Literature Review: General

Literature pertaining to various statewide commodity flow studies is extensive. With the
deregulation of rail, many existing small rural rail lines have been systematically abandoned due
to many financial considerations. Changes in rail regulations have given rise to changes in the
once stable freight charges, thus complicating freight transportation studies. No attempt was
made for any state-of-the-art review., Only literature about the modeling process used in this
study, plus directly relevant studies, was reviewed. Early work on statewide transportation
studies reviewed by Russell in a previous KSU study for KDOT, is mentioned briefly below for
background.®

Economic principles apply to the creation of transport services. There is a functional
relationship between the unit cost of transportation services and the following six factors: (1) size
of firm; (2) density of traffic; (3) size of vehicle and shipment size; (4) length of haul;
(5) intensity of use of vehicles; and (6) ratio of gross weight to tare weight. Railroad
abandonment has caused an increase in the amount of commodities shipped by trucks. With this
increase in highway commodity movement (i.e., truck traffic), there inevitably comes the higher
cost of highway maintenance, repair and reconstruction.

In another study, Dodd worked on the hypotheses for travel between centers of
population.® An interaction model was among the first to use a weighing factor to equate
heterogeneity of population centers and among the first to use a time factor. Cavanaugh found
that although Dodd’s model varied depending upon the geographic area studied, the time factor
could be adjusted to fit a given situation.® Anderson, using previous models involving distance

between two sources of attraction, found that even though the distance factor is a constant, it



must be determined for specific circumstances.® Anderson advanced the idea that the distance
factor was inversely related to population size. Mylroie promoted the relative desirability of
multiple regression equations to measure the relative desirability of travel between cities,® Bellis
further developed traffic models in promoting the concept that time could be viewed as a factor
of impedance on travel,® Borg conducted studies using the gravity model, which allows for
analysis of the attractiveness of one city, or shopping area compared with another.” Borg’s
model became valuable in synthesizing multi-modal travel. Use of retail sales as the index for
a city’s activity showed little effect on a larger city, but not so with smaller cities where it was
assumed to have an impact on the activity.

Trip generation and trip distribution are two major components of travel demand
modeling. Typical urban trip generation establishes a functional relationship between land use
and socio-economic parameters of particular traffic analysis zones and trip end volumes, in terms
of trip production and trip attractions. Trip distribution is the process of connecting trip ends
(i.e., trip productions and trip attractions) based on separation, in terms of travel impedance
between the zones, usually time and/or distance. Normally, in urban transportation studies, trip
generation and trip distribution refer to person trips during a twenty-four hour period. The
models and procedures used in urban transportation planning have to be adapted for statewide
freight studies, particularly when doing commodity statewide flow modeling. Some researchers
say that specialized freight models should be used rather than adapting urban models.

This study determined heavy truck movement between origin (i.e., production) and
destination (i.e., attraction) zones in reference to the production of Kansas agricultural

commodities and their destinations. Commodity flow to a destination is often a result of the



price offered at a specific elevator, not the distance traveled. An example would be that given
a higher price paid for a commodity at Kansas City, Kansas producers might ship their
commodity there instead of Salina, Kansas based solely on price, even though the distance may
be greater. These types of considerations make the development of trip tables more difficult.
The trip interchange model has been used previously on the Kansas state highway system
for statewide planning. This model calculates all vehicle trips for all possible trip interchanges.
Constraints used for the model were minimum highway distance and minimum travel time. Both
the distance and travel time were given the same weighted factor in the model. Basic results of
these previous studies were that numerous small local trips accounted for much of the traffic
movement and were assigned to the network, while, almost all of the trips in larger zones (e.g.,
counties) would have been considered intra-zonal and therefore not assigned to the network.
In general use, the gravity model has been used for freight distribution by modifying some
basic considerations. Changes usually made in order for the model to be used for freight
include:
1. Discard socio-economic interchange adjustment factor; and
2. Replace distance or cost in place of travel time for impedance.
The usual application of the gravity model can be illustrated through the following
sequence of steps:
1. Determine location of economic activity.
2. Determine freight shipment and receipt estimates.

3. Enter impedances or network restrictions.



4. Calculate attraction factors, accessibility index and production index.

5. Calculate commodity flows.

6. Recalculate attraction factors, accessibility index and production index until
model output replicates known conditions and data (verification or calibration).

The gravity model should be used with knowledge of the following characteristics:

1. Addition of distance and costs will not necessarily produce better results than the
trade model.

2. Model is useful where sizable distance or cost differences exist between
producing and consuming counties.

3. It will not always be possible to fine tune the model in terms of the impedance
function, primarily due to the lack of data.

Successful implementation of the gravity model depends upon the availability of travel
or commodity movement data with which to calibrate the model to a common, base-year
condition. The inability to calibrate due to the lack of a complete data base or valid, known
exponents, limits the use of the gravity model in freight applications. In this research study, good
results were obtained based on using expert judgement to supplement available data.

Most of the recent statewide freight flow studies reviewed were not considered relevant
to this study. NCHRP Report 260, a comprehensive review of statewide commodity flow
models, was reviewed and relevant points are presented below.® More relevant to this project
were studies previously done by KSU for KDOT and subsequent KDOT in-house studies. These

are reviewed in later sections.



NCHRP 260 Review

In urban transportation planning for all vehicles (i.e., predominantly automobile trips),
traffic generation and distribution are separate phases. Trip generation rates per household based
on socio-economic factors can accurately, or adequately, estimate base-year trips by zones.
Combined with attraction rates by land use or by business or industry type, reliable distributions
can be made, usually with the gravity model or a variation of that model. Years of data
collection in thousands of studies throughout the United States and vast experience with the
process result in reliable trip tables. This point has not yet been reached in regard to commodity
flow data, particularly on a statewide basis.

When commodity flow data are used to estimate base-year traffic origins, destinations and
flows (i.e., truck volumes on various highways, rail cars on a line, etc.), phases are usually
combined. When simulation techniques are employed to estimate outputs, freight generation and
distribution are treated separately. But irrespective of the approach, the desired product is the
same -- commodity or truck flow matrices analogous to the trip tables produced in urban
transportation planning. In both, the researcher usually develops a base case on existing
conditions and data; then attempts forecasting by projecting key variables to a future design year;
and using these develops design-year trip matrices.

In the case of commodity flows, the quality of the data is not as good nor is there the
degree of confidence based on the experience of years of successful modeling. States have not
concentrated on obtaining good commodity flow data on the highways. Commercial trucking
firms are reluctant to supply good or complete proprietary data for various reasons -- be it fear

of competition or suspicion of the consequences. Thus, generation and distribution of



commodities is usually based on scarce or incomplete data. The process is not as clear cut as

typical urban transportation planning for automobile trips.

Freight Traffic Estimation. Freight traffic estimation involves estimating the amount and

location of freight O-D. It can include all commodities or, as is more common, be restricted to
a subset or single commodity or a subset of movements determined by:

®  Geography

® Economic Sector Classification

® Commodity Types

® Size of Establishment

® Distance of Shipments

® Transport Modes Available

Freight traffic distribution involves estimating the interchanges (i.e., point-to-point or
zone-to-zone flows) between O-D identified in the freight generation phase. States are not
economic entities by themselves, and therefore, considerable movement originates or terminates
in other states, making the freight flows regional or national in scope. Thus, to determine
commodity flows on a state network, one must include the freight flows originating or
terminating in other states (i.e., internal-external) and the freight originating and terminating in
other states (i.e., through traffic).

Most statewide freight generation/distribution studies have used actual commodity flow

data to estimate freight generation and distribution. Simulation techniques would only be used

10



if vehicle or commodity flow matrices could not be developed from available data. In this
approach, the modeler either structures the application to match the data or extrapolates the data
to meet the requirements of the application. The result is a commodity flow matrix analogous
to a trip table.

Simulation techniques depend upon: (1) availability of suitable production, consumption
and distribution data; and (2) acceptance of numerous assumptions appropriate to short-range
forecasting.

In a simulation approach, the modeler attempts to replicate freight generation and
distribution by applying unit shipments and receipts and distribution patterns derived elsewhere.
The result of a simulation is still a commodity flow matrix analogous to a trip table.

Use of existing data should be preferable to approximating freight generation and
distribution by simulation techniques. Simulation techniques usually cannot replicate local
conditions effectively. However, even when available commodity flow data appear to be
satisfactory, independent freight generation estimates should be used to verify the data.

A shipper’s survey should be considered to obtain commodity flow data. Although time
consuming and relatively costly, such a survey can be more cost-effective than extrapolating
incomplete data or relying on simulation. Trends and annual variations in certain commodities
must be considered.

Sometimes secondary data can be helpful. Government sources of secondary vehicle or
commodity flow data that are available include:

® Census of Transportation (Commodity Transportation Survey)

® ICC/FRA One Percent Waybill Sample

11



® Domestic and International Transportation of U.S. Foreign Trade
® USDA Fresh Fruit and Vegetable Unload Reports

® National Motor Transport Data Base

The above data bases are readily available on the national level. However, none are
complete enough in themselves for general purpose applications and it is particularly difficult to
make them state specific.

One available data base is Transearch, a proprietary computerized data base, marketed
by Reebie Associates. Transearch covers almost all rail movements, plus movements of
manufactured goods by truck, water and air. Movements not covered are highway movements
of commodities such as grain, livestock, forest products, mined products, and movements from
warehouses or distribution centers for which data is not available on a national scale. Transearch
represents a compromise between complete coverage of U.S. intercity movements and the detail
necessary to develop O-D data by commodity types needed for statewide flow matrices within
a single state.

As stated earlier, if commodity flow data is not available, it may be simulated from
estimates of shipments and receipts from industry production and consumption information or
other economic data. Freight shipments or receipts can be approximated by converting
employment or monetary measures of industrial production and consumption into physical units.
The modeler should have background knowledge and familiarity with the amounts and types of

commodities being generated and consumed by different economic sectors in the study area.
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Freight Distribution Models. When commodity flow data is not available, freight

distribution can be simulated using available models. Common models are trade and gravity.
The trade model assumes every producer has a market share proportional to their share of total
production. Each consumer is assumed to purchase a portional share of total consumption from
each supplier. Trade models generally represent an upper limit because the proportional
distribution assumption overstates the average commodity movements. The gravity model
distributes flows between producers and consumers in proportion to total shipments and receipts
and inversely proportional to distance, time, or unit cost of transport (i.e., impedance) between
producer and consumer. Impedance values generally favor lessor distance or trip time or lower
cost (i.e., usually incorporated as a time or distance penalty) interchanges.

Trade models are expressed mathematically as:

(D

or

where: X; = shipment from production area i to consumption area j

P.

1

production in state or county j

C; = consumption in state or county j

and YP. = XYC.

1 J

! The form F; = 1/(e*), with x = 0.1, is a more common form, currently used in highway
travel demand modeling.
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The gravity model is expressed mathematically as:

X PCF,
§y - a0 [¥))

> CiF;

j=1

where: F; = a friction (impedance) factor
F, = [(t)
and t; = impedance between points i and j which can be distance, or time or
cost converted to a time or distance penalty (in current urban
tansportation planning, F; = 1 where t = travel time between
n
b
iand j and n is a calibration factor)
X; = shipment from production area i to consumption area j
P, = production in state or county i
C; = consumption in state or county j

In most applications to freight flows, distance or cost is used in place of travel time for

impedance. The gravity model formula can be simplified to:

X; = RCF, ©)

where:

and "R" is the production index and remains constant for each production area. The
product "C;F;;" is the attraction factor for consumption area j.
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In applying this gravity formula model, a production balance is maintained. The
individual productions always sum to the total input production for a county or state. However,
consumption totals will not always match desired values. Thus, an iterative process is employed
to balance the output. Several iterations may be necessary to obtain reasonable results (i.e.,
within five to 10 percent of desired values).

The application of the gravity model is quite simple. The key to a good distribution is
in developing (calibrating) appropriate relative friction (impedance) values for a set of
interchange pairs. With production and consumption values remaining constant, the output is

a function of the impedance between a production-consumption pair relative to the impedance

between all other production-consumption pairs. Itisa "share" model with each attraction zone
getting a share of the production total.

Forecasting involves accurately projecting the main parameters into the future. The
modeler predicts changes in production and consumption by zones and any changes in impedance

or relative impedances.

Traffic Assignment. Traffic assignment utilizes trip tables as input and assigns trips to
"preferred” routes between all O-D pairs in the trip table. Preferred paths are usually determined
by minimizing some desirable attributes such as distance, time or cost. In a typical urban
transportation planning situation, the network parameters may be adjusted or fine-tuned and/or
an iterative assignment process adjusting route parameters, usually travel time relative to link
capacity as links become loaded with assigned vehicles (i.e., capacity restraint models). Usually,
good field counts are available to compare and adjust the base-year assignment process to the

modeler’s satisfaction.
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With commodity flows, commodities have to be converted to the number of trucks
required to haul a given commodity shipment between O-D pairs. Trucks are then assigned to
routes. As in traditional urban transportation planning, route parameters that result in
assignments to routes that replicate known or assumed flows have to be used. The usual
procedure is to minimize travel time, distance or cost. The main difference is that good flow
data by commodity are usually not available for definitive checks on the output. The modeler
generally uses judgement based on incomplete available data plus background and experience to
evaluate the output. Also, this is usually done on a statewide network that is more extensive than
a single urban area.

The traffic assignment is carried out for the base case on an existing network. It can be
used further to estimate the traffic load on alternative networks with proposed new routes or
detours. If future changes in commodity production and consumption quantities or locations can
be projected, then state planners can estimate changes in future truck volumes, pavement loadings
and pavement life on a segment basis. For states where accurate count data by truck type or
commodity are not available, just developing heavy truck trip tables by commodity O-D (i.e.,
distribution phase) and accurately assigning these to the state network is a major step forward
in the statewide planning process.

In the general case, route choices of rail, inland waterway, and even some major intercity
routes will be obvious. In a state such as Kansas where the choice between rail and highway
transportation as well as the destination are controlled by the economic climate and complex cost
structures, an economic model may be necessary to determine mode split (rail or highway) of

some agricultural commodities. For example, Kansas has such a model developed by Chow.
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But given mode choice and routes are obvious or can be reasonably estimated, the advantage of
using computerized assignment techniques lies not so much in finding the least time, cost or
distance route through the network, as the systematic accounting of vehicle volumes by segments
and associated impacts, as was the thrust of the current Kansas study.

Computerized highway assignment techniques commonly used in urban transportation
studies can be applied to highway flows with little or no modification. This assumes a
compatible statewide network of links and nodes with all the necessary system attributes tied to
the links (i.e., route segments), as well as compatibility between the zones and the network.
Given a network properly coded and compatible with the program to be used, computerized
assignment techniques are particularly valuable in assigning motor carrier traffic to the statewide
highway system.

The current Kansas study had a primary, and somewhat limited, objective of determining
reasonably accurately the base-year heavy truck vehicle trips by commodity and total trips on all
state routes in the network. Good O-D data was not available for heavy trucks. The general
case can be much broader. The assignment is reviewed in this broader context below.

In order to determine how far to go with the statewide highway assignment process, states
must consider:®

1. Extent of the state system.
2. Whether to undertake traffic assignment at all or only for selected routes, which
are necessary for segment level assessments but not if only costs between

production-consumption areas are desired.
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Whether to limit the application to summarizing and comparing vehicular flows
on a segment basis.

Whether to estimate the impact of changed loadings on pavement structures.
Whether to estimate changes in pavement service life.

Whether to use network flows to estimate changes in energy consumption on a

system basis, or changes in revenue through user taxes.

The process of converting commodity flows into vehicle flows is conceptually simple but

requires: (1) determining the equipment and service most likely to be used for individual

shipments; and (2) estimating the weight or volume to be transported by representative vehicles

on the fronthaul and backhaul movements.

Determining backhaul quantities can be a complicated task. Fronthaul movements

increase network volumes; backhaul movements increase vehicle utilization but do not

substantially change traffic volumes. Factors to consider in fronthaul and backhaul

determinations include:

1.

2.

Need for specially designed equipment with which to transport the commodity.
Equipment ownership.

Organization providing the transport service.

Any "imbalance" in commodity flows (i.e., available capacity in the direction
of the commodity flow).

Distance of the movement.

Service requirements.

Rates being offered (i.e., those that cover full versus only out-of-pocket costs).

Size of the movement in relation to available capacity.
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In the general case, all ten of the following factors need to be considered in converting

commodity quantities to vehicle loads:

1.

2.

10.

Mode, equipment type and service type.

Whether shipments are truckload, carload or bargeload.

Amount of fronthaul and backhaul.

Prototype vehicle for each mode and commodity.

Maximum loads at vehicle capacity.

Load restrictions on the routes.

Maximum allowable load considering route restrictions and load and axle limits.
Capacity utilization of the vehicles.

Representative vehicle loading considering capacity utilization.

Vehicle equivalents (the fronthaul portion of a total commodity movement

divided by the representative loading).

Traffic Assignment Techniques. The general traffic assignment technique involves the

computer selecting the minimum impedance (i.e., path, time, cost, distance, etc.), then loading

the corresponding O-D trip table value onto this route. When all trip table interchange pairs are

loaded, the route volumes are then then summed to a total vehicle load on each route segment.

To accomplish this, an edited and coded network can be constructed containing all the

desired routes divided into links representing route segments and nodes, which are the

intersections or connecting points of the links. The coded network will also contain zones which

are the O-D (i.e., production-consumption) areas between which the trips are made. There is
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usually one point within each zone called the "zone centroid" at which trips are assumed to start
or end. The zone centroid is connected to the network by one to four load links which may
represent actual highway segments. Usually, however, "dummy" links tie zone centroids to the
network.

During the 1960s and 1970s, Federal Highway Administration (FHWA) and Urban Mass
Transportation Administration (UMTA) developed large computer packages to handle large scale
planning problems usually associated with urban areas. The FHWA/UMTA Urban
Transportation Planning System (UTPS) is a package of computer programs, attendant
documentation, user guides and manuals that provided state-of-the-art methods for multimodal
(i-e., highway and transit) transportation planning. The UTPS system grew out of a combined
FHWA/UMTA effort that incorporated an older PLANPAC/BACKPAC package developed by
FHWA.

The above packages were developed primarily for urban area transportation planning,
Most states developed statewide highway networks and applied these packages for statewide
planning. Statewide planning studies by the KDOT and KSU are reviewed in a later section.

With the advent of powerful PCs, software for transportation planning was developed that
essentially replaced or modified the UTPS package for PC use. PC systems with large enough
capacity to load large statewide highway networks and associated data bases containing the
highway system attributes became available. Usually data bases are downloaded from existing
state mainframe computer data bases to the PCs, This study utilized the PC package of QRS I

described in a later section.
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Review of Previous KDOT Studies

KSU Study. In 1977, a study was conducted by KSU for the KDOT to investigate and
develop a statewide traffic assignment model for the State of Kansas.? KDOT recognized the
need for developing a statewide traffic demand model that would be capable of forecasting future
traffic volumes needed to evaluate the effects of proposed changes in the state’s transportation
system. At that time, it was believed acceptable estimates of future travel on all segments of the
state’s primary or trunk highway system could be obtained by a model whose parameters
reflected future populations of urban areas. Thus, the number of total vehicle trips and truck
trips could be estimated between various urban area pairs or in corridors between major areas
given specific future populations.

A literature review was conducted on statewide traffic assignment models.®’. Numerous
approaches for conducting transportation demand studies and data needs for the analysis and
synthesis of travel patterns were reviewed for their advantages and disadvantages under different
conditions. A historical development of intercity travel models covering a period of 80 years
in 15 major studies was covered. Abstracts of statewide transportation studies that were being
conducted in 13 states were reviewed. The review covered study procedures, models used,
results and trends prevalent in statewide traffic assignment as of 1977. Today, this review is
primarily only of historical significance.

For the 1977 study, the review of existing studies were used as a basis for developing a
generation/distribution type model for Kansas. Several basic models were tested to determine
proper calibration exponents suitable to Kansas.

Two basic parameters used for travel impedance were distance and sufficiency.
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Sufficiency was based on sufficiency ratings that were used at the time, and now discontinued,
in Kansas to rate the relative quality of highway segments on a 0 - 100 scale. One hundred
would denote a "perfect" section; 0 would be impassable. Sufficiency could also be thought of
as the percent of the speed limit that a driver could safely and conveniently drive a road section.
It was concluded that the best results were obtained running the final, calibrated model once
using distance as the route impedance, and once using sufficiency, and then averaging the result.

The models tested using distance only were of the form:

P. x P)?
Trips;, = GxP “)
D b
where: Trips; = trips between zone i and zone j
P = population
D = distance
a,b = variable exponents
K = calibration constant
1, = origin, destination
The models tested using distance and sufficiency were of the form:
P. x P)*
Tripsl_J = L_I*__J_l_ x K (5)
D; x e°k
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where: Trips; = trips between zone i and zone j

P = population

D, = either D, (distance) or D, (sufficiency)
a,b,c = variable exponents

K = calibration constant

i,j = origin, destination

Regression analysis was used to determine the proper exponents.

When the model used sufficiency, too many trips were assigned to the interstate
highways. When distance was used, too few trips were assigned to the interstate highways and
too many to secondary roads. Thus, averaging gave a more realistic result -- but the results
were disappointing. Assigned trip volumes on individual routes were unrealistic compared to
available traffic counts.

The researchers concluded the statewide highway network had discrepancies in link
sufficiency that were adversely affecting the assignment. A pilot study on a section of the state
showed the results were significantly improved by adjusting link sufficiencies to calibrate the
model based on known travel patterns. They further concluded there was insufficient data to

model truck trips or commodity flows.

Subsequent Work by KDOT Staff. As presented in a 1984 report, the state subsequently

developed a new, computerized state highway network.® It connected 654 zones of 564 internal
and 90 external stations at the state borders. The 564 internal zones were based on areal

delineation, population and population density. Each county had between three and six zones.
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There were 27 zones representing reservoirs and other points of interest. To close the network,
it was necessary to add selected county Federal Aid Secondary (FAS) routes to complement the
state highway system.

In the 1984 study, both population and employment were socio-economic data items used
in the trip generation process for total vehicle and volume trip length index (VTLI) assignments.

Population, employment and agricultural sales were used to generate truck trips.

Trip Generation. Agricultural sales used for truck trip generation consisted of total

products sold, in dollars, from the 1978 U.S. Census of Agriculture for each county in Kansas.
An in-house Fortran program distributed the sales to the 564 internal zones, based on the ratio
of each zone’s estimated total farm acreage to the estimated total acreage of the whole county.
This data was then used in trip generation along with employment and population.

The trip interchange model developed in the previous KSU study was used with the

following parameters:

. x P)047 6
T - BB 0 ©
} D1.9 X e0.0121')

where: T; = trip interchange between zones i and ]
P, = population of zone i (origin)
P, = population of zone j (destination)
D = impedance between i and j in terms of time or distance
i,j = origin, destination
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This trip interchange model both generated and distributed trips between two zones i and
j. However, the results were unacceptable. Trips assigned were 50 to 100 percent over the
actual vehicle counts that were available. It was, thus, concluded that the zone scheme was too
fine for the trip interchange model used because too many short trips were being produced and
assigned to the network.

Trip generation equations were then used to develop rates for both total vehicles and

heavy trucks as follows:

Single Unit Truck Trips = (.00680) x AS) + (0.22 x P) + (0.22 E) @)
Combination Truck Trips = (.00104 x AS) + (.011 x E) + (.00116 x P) ®
where: E = Employment

AS = Agricultural Sales

P = Population

The above trip generation equations predict travel with both trip ends inside Kansas (i.e.,
internal) and trip lengths long enough to end outside the originating zone (i.e., interzonal). Then
the total of the through trips and the external-internal (i.e., originating or ending out-of-state)
trips were added.

The total of through and external-internal trips equaled the average daily travel (ADT)
from counts at the state line. O-D survey data taken at the stateline stations were examined to
estimate the through trips. These were subtracted from the total vehicle count to obtain the

external-internal trips.
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Trip Distribution. The gravity model was used for trip distribution after the generated

trips were determined. Impedance factors for the total vehicle trip distribution were developed
based on highway distances and external O-D survey data. To develop heavy truck impedance
factors, trip records from the 1977, 1979, and 1981 truck weight surveys were used, in

conjunction with the minimum highway distance impedance file.

Traffic Assignment. Six different highway characteristics were used in measuring

impedance values per link with six different sets of paths built using these impedance values.
The six different highway characteristics are:
1.  Distance in hundredths of a mile

2a. State System Sufficiency (RS)

® State System RS x 0.6
® County FAS RS x 0.7
® Kansas Turnpike (KTA) RS = 48
® State Connecting Links RS =12

2b. Composite Index (CI)
State Routes as in HPMS File
All Routes not in HPMS! = 20
3. Pavement Serviceability Rating (PSR)
® Speed (State Routes) = PSR xx 2 x 2.4

® County FAS = 12

'Data base containing parameters relating to condition of all state highways and a composite
index rating.
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4. Route Prefix (Type)
® Interstate = 55
® U.S. Route = 36
® KTA = 54
® County FAS = 24
5. Functional Classification (FC)
a) Rural
® Interstate = 56
® Other Principle Arterial = 36
® Minor Arterial = 30
@ Major Collector = 24
® Minor Collection = 24
® Local Road = 12
b) Urban

@ Interstate = 60

Freeway/Expressway = 54

Other Principal Arterial = 48

Minor Arterial = 39
® Collectors = 30
® [ ocal streets = 24

6. Percent of No Passing Restrictions (PR)
® Speed = 60 - (3.75 x PR)

® County FAS Routes = 36
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For each of the above six characteristics, minimum impedance paths were built and
assigned total vehicle and truck trips. Four of the loaded networks were then subjectively
selected for analysis. Plots of paths were obtained to examine the accuracy of the paths and

impedance values were adjusted as deemed necessary (i.e., subjective analysis).

Analysis. The several types of analyses were performed to evaluate various phases of the
assignment process and to test the traffic assignment against available 1980 traffic counts include:
® Trip distribution analysis to verify vehicle mile totals and pinpoint erratic
trip length frequencies.
® Vehicle mile analysis to compare field count vehicle miles to load vehicle
miles from the assignment process.
® Plot analysis to: (1) subjectively check the validity of the network; and (2)
generate flowband plots to locate overloading and underloading.
@ VTLI -- the product in vehicle miles of a trip table and an impedance table
loaded onto a network, based on both travel densities and trip lengths.
VTLI is useful to evaluate the merits of existing and alternative highway
functional classification schemes.
® Load-to-count ratios at four screenline locations in each of the six highway
districts were used subjectively to select vehicle paths (based on impedance),
or combinations, to produce the best traffic assignments.
e Assessibility analysis was conducted using the FHWA program ACCESS.

Network speed parameters for assessibility indices provided the best results.
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Following the above study, little additional work was done on statewide
generation/distribution/assignment. Only subjective estimates of heavy truck and commodity
flows were available. Because commodity and heavy truck flow data are needed, the current
study was commissioned based on using existing commodity data and the PC transportation

planning software QRS II.

Quick Response System 11 (QRS 1D

The original QRS (Quick Response System) was developed in 1978 as a set of manual
techniques for analysis of areas that were too small to warrant use of computer packages
available at that time. In 1981 FHWA released the updated computer version QRS I, which was
not substantially changed from the original program but was capable of handling larger planning
problems.

QRS I was updated and interfaced with the General Network Editor (GNE), a powerful
computer program developed by the University of Wisconsin.® The updated QRS II program
enables the user to develop a network, enter descriptions and numerical data about each element,
edit the network and its data, compute intermediate results, and search network elements which
correspond to a set of criteria. (19

All link characteristics used by QRS 1II are entered through the GNE. One major use of
QRS 1II is to forecast traffic volumes after there have been changes in urban development, (e.g.,
a new shopping center or industrial park is built).

A highway system can be described as a network consisting of the following attributes:

(1) "network" consisting of representation of street and intersections; (2) "links" which represent
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the various street segments along each street; (3) urban areas which are described by sets of areal
units or "zones," representing a specific homogeneous area or set of activities which cover
the entire urban area with no overlaps; and (4) "nodes" which are the point or place where one
or more intersections occur.

The QRS II microcomputer program and modern PC capacity can computerize large
statewide networks. The QRS II version allows for 800 zones, 2,000 nodes and 5,000 links.
At present, the Kansas statewide system network has 202 zones, 1,854 nodes and 2,217 links.
Thus, QRS IT has the potential for assigning truck freight trips on a large statewide network such
as Kansas, which includes all state highways, interstates, and toll routes. It is composed of
individual links representing sections of state roads, control section numbers for the individual
state roads and the various speeds allocated to the individual sections. For example, I-70 varies
from 65 miles per hour in rural areas to 55 in urban areas. At KDOT’s request, KSU eliminated
unnecessary small nodes and connecting links from the highway system, thus allowing for greater
data input.

The highway network and set of zones used must be integrated by designating a node
"centroid" for each zone and be linked to the network by "centroid connectors.” QRS II allows
the user to determine trip movement using O-D zones. As stated before, the number of trips that
originate in a given zone are referred to as the "production;" the number of trips that end in a
given zone are referred to as the "attraction.”

Discussions with KDOT staff concluded that it would be better to estimate total heavy
combination trips and then allocate them to the individual regions/zones/counties rather than
spending time in developing computer models to generate zonal trip ends that would have to be

summed to obtain the production and attraction totals.
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Overview of Current Commodity Data in Kansas

This section contains only a brief overview of the data available, and the scope and
limitations of the data compilation effort. A later chapter details the data sources used to develop
commodity trip tables for the five main agricultural commodities in Kansas, the assumptions that
were made and the resulting tables.

The range of information on the distribution of grain is relatively extensive. Fairly good
information exists on certain commodity movements and flow patterns. Reasonably complete
information is available on such specific commodities as wheat, corn, sorghum, soybeans, and
boxed beef shipped to and from the State of Kansas. This information is reported by individual
Agricultural Statistics Districts (within Kansas there are nine designated by the state/federal crop
reporting service), county and transport mode (i.e., rail, truck, barge). Information is also
available as to the origin of certain commodities which are transported either to or through
Kansas, and the quantity and modal split of various commodities shipped by rail, truck, or barge.
Information as to the destination of various commodities being shipped by rail and by truck is
available, as well as the percentage of these commodities broken down by districts. However,
none of this data was available in a single place or in readily usable form for this research
project. Compilation and analysis of the five major agricultural commodity flows in Kansas
constituted the major effort on this project. Good data of this nature had not previously been
compiled into one report. Because of limited time and resources, a decision was made to
concentrate on developing good flow data (generation/assignment) for only the five agriculture

commodities listed previously. Future research will collect data on other individual commodities.
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Although it would have been beneficial to supplement existing data with additional
individual shipper data, resources were not available for field data collection or surveys.
Information on general truck freight movement is somewhat questionable because much of the
available information is not current for commodities other than agricultural products.

Information is available concerning the origin for agricultural products coming into the
state for wheat, corn, and soybeans and also for the major destinations of the various agricultural
products shipped by rail and truck to various communities. Shipments are reported by percent
shipped from major elevators during the period of 1989-1990. Shipment of agricultural products
such as wheat, corn and soybeans is reported numerically in thousands of bushels, shown as both
intrastate and interstate movements. Detailed compilation and analysis of agricultural commodity
data used in this project is described in a later chapter. Data is available regarding the total
statewide truck vehicle miles which were obtained from field data counts. Total truck vehicle

miles are 3,146,773; through trip miles are 611,218 based on 1989 data.

ESAL Estimation

As viewed by KDOT, a major highway problem is pavement deterioration caused by
heavy combination trucks, often which are overloaded to conserve fuel and reduce the cost of
transportation of the particular commodity. A substantial portion of the heavy combination
movement have one or both of the O-D ends out of state. Interviews conducted during truck
weight surveys indicated that most trips made by heavy combination trucks were very long, thus

intra-county trips are generally assumed to be minimal.
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By determining truck trip volume, types, size, and estimated gross vehicle weight required
for each commodity, estimates of the ESAL can be determined. However, for the study to
determine ESALSs, two variables will be needed: (1) number, types and gross weight of trucks
using the particular road, and (2) number of ESALs contributed by each type of truck. To
determine the number of trucks using a particular road, data is needed on points of origin,
distribution patterns and specific routes traveled. Truck loading patterns will be determined by
analysis of the types and axle loads of heavy combination vehicles that typically transport various
commodities. Data is also needed on the utilization of trucks for backhaul.

Data necessary for accurate conversion of trucks to ESAL was not available. Based on
average load data for typical five axle trucks used to haul the agricultural commodities studied,
KDOT made the decison to use a conversion factor of 1.92. That is, based on the typical five
axle truck, axle configuration, and assuming the truck is loaded to the legal limit, each passage

of the truck equals 1.92 ESAL. A more accurate analysis will be made on a follow-up study.
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DEVELOPMENT OF AGRICULTURAL COMMODITY DATA

Overview

Data used in this study are largely secondary data designed to estimate origins and
destinations of large-truck movement of the five commodities listed previously. Original data
from which the published secondary data were made, were obtained from shipper surveys
through mail questionnaires, telephone reports and personal on-site interviews.

Available data report percentages of annual shipments to in-state and out-of-state
destinations from origin areas (i.e., counties or crop reporting districts) within the state.
Percentages of total annual shipments to given O-D combinations were applied to annual
commodity production figures for Kansas to arrive at bushel or tonnage figures that were
subsequently converted to truckloads to be assigned to highway routes between designated O-D.
Production of grains and soybeans for this study are annual production averages for a 10-year
period, 1979-1988. Kansas’ average annual production of soybeans in this period was 42.3
million bushels; 393.0 million bushels of wheat; 139.4 million bushels of corn and 225.9 million
bushels of sorghum. Because large annual fluctuations in the production of beef did not occur
in the 1980 decade, a single recent production year (1988) was used to estimate beef production.

Market and intermarket movement characteristics differ among commodities. For wheat
and soybeans, the percent of production sold for ultimate inter-area movement (inter-county-
district or-state) is larger than for corn and sorghum which have greater local markets for feed
use.! For wheat it was assumed that an average of 93 percent of wheat produced was

transported beyond local markets and that 97 percent of soybeans were distributed in similar
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fashion. In corn and sorghum, origin volumes for inter-area movement were determined from
the average of crop percentages sold to local elevators in each crop reporting district for the three
years 1987 through 1989 as reported by the Kansas State Board of Agriculture in Grain
Marketing and Transportation (GMAT) statistical reports for each of the three crop years.(1?

Annual volumes of grain and soybeans requiring inter-area transportation for purposes of this
study were 41 million bushels of soybeans, 365 million bushels of wheat, 57 million bushels of
corn and 132 million bushels of sorghum.

Volumes of soybeans and wheat shipped by truck to inter-area destinations are 29,8
million and 130.7 million bushels, respectively. Local elevator truck shipments of corn total
50.9 million bushels and for sorghum 79.6 million bushels. Division of shipment between truck
and rail is based on percentages also reported by the GMAT publications.'? Distributions reflect
3-year average allocations by mode of transport, with relatively minor adjustments to be
explained later. The product of truck shipment from county origins multiplied by percentage
distribution by destination constitutes the basic market flow data from which truck transport
needs for these commodities are determined.

For corn and sorghum, important volumes are fed on farms and where they are produced
or delivered directly from farms to feedlots within a limited geographic area, the base volume
to be distributed (over a broader area) was the amount sold to country elevators. This volume
was determined for each county by multiplying the reported GMAT percentage of the crop by
district that was sold to country elevators by the volume produced in each county in the same

district,
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Basic information on distribution patterns for Kansas-produced boxed beef is obtained

from an unpublished M.S. thesis at Kansas State University entitled, Distribution and

Transportation Analysis of Kansas Slaughtered Beef in 1985 by Kenneth Alan Christie,!®

Distribution patterns in 1985 were applied to 1988 production volumes to determine tonnages to

be transported from Kansas origins to both in-state and out-of-state destinations. Plants whose
managers were interviewed by Christie accounted for the slaughter of approximately 6.2 million
head of cattle in 1985 and 6.1 million in 1988. Cattle slaughtering is concentrated in four
counties in Kansas: Finney, Ford, Seward and Lyons.

Christie found that virtually all beef was distributed by truck. Intra-state movement was

11.86 percent of total shipment and inter-state 88.14 percent.

Data Sources

Data for this study were assembled from published sources. Data were selected for the
purpose of estimating the flow of freight by heavy trucks among O-D in Kansas for the five
commodities. These products represent major sources of demand for truck freight services and
more applicable data were available than for other commodities. Sources and other
characteristics of the base data, as well as their use in estimating annual volumes of truck traffic
in these commodities among county O-D is discussed.

Data sources for soybeans, wheat, corn and sorghum were basically the same but in each
case, specific adjustments were made in the data base to take into account unique commodity
characteristics. Adjustments were of two kinds. In some cases, adjustments were made in

percent of movement by truck to compensate for the impact of a high level of rail shipment from
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transhipment points in some districts. Adjustments were also made in the data base where
reported destinations were not geographically specific, such as shipments to Kansas feedlots for
truck shipments of corn or to Kansas flour mills for wheat.

A major source of data for estimating volumes, O-D of soybeans, wheat, corn and
sorghum were annual GMAT reports." This publication reports the size of the current crop,
the percent of the crop sold to all major market outlets (predominantly local elevators), and the
percent of market distribution transported by rail and by truck. This research study is concerned
with truck volumes and truck routings.

Production volumes for the grains are based on 10-year average production by county to
reduce the possible impacts of weather and public policy induced annual variations in production,
Ten-year average production (1979-1988) for soybeans was 42.3 million bushels; wheat 393.0
million bushels; corn 139.4 million bushels; and sorghum 225.9 million bushels. Marketing and

distribution estimates for each commodity will be discussed below.

Soybeans

Ninety-seven percent of reported production of soybeans was assumed to enter market
channels. Estimated marketing statewide are 41 million bushels. After adjustments, estimates
of volume transported by truck varied from 47 percent of elevator shipments in Northwest
Kansas to 81 percent in the Southeast crop reporting district. Data for two districts indicated
relatively low truck shipments. Two districts of Central and Northeast included important trans-
shipment points from which outbound shipments are largely by rail. For this reason, truck
shipment percentages from those districts were increased to make them more consistent with

other shipment districts (Table 1).
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Table 1. Soybean Production (10-year average), Volume Entering Commercial Markets and
Volume Distributed by Truck (3-year average) by Crop Reporting District. ?

District Produced Marketed Shipped by Truck
Northwest 845° 820 385
West Central 319 309 214
Southwest 1,954 1,895 1,325
North Central 2,368 2,297 1,493
Central 1,566 1,519 1,138
South Central 3,834 3,719 2,800
Northeast 10,152 9,847 7,385
East Central 11,213 10,877 7,074
South East 10,141 9,837 7,968
Total 42,392 41,120 29,782

*  Adjustments have been made in truck volume in two districts to compensate for the impacts

of heavy rail transhipment or reported data.
® 1000 bushels

On a statewide basis, 41 million bushels were transported from production sites to specific
destinations in Kansas or to designated exit points if shipments moved beyond state borders.
Percentage distribution by destination reported for each district is applied to quantities from each
county within the district. Kansas production, total market distribution and trucked volumes by
crop reporting district estimated for purposes of this study are reported in Table 2.

The division of truck shipments of soybeans between in-state and out-of-state movements is
indicated in Table 3.

GMAT reports designate major destinations of soybeans shipped by truck, including percent
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of total truck shipments going to each destination. These destinations were used to determine
the size of truck movement from any origin county shipping by truck to any destination county
in the state.

The spreadsheet showing soybean O-D data is reported in Appendix A, Table 15.

Wheat

Historically, approximately 93 percent of wheat production has moved into commercial
channels for domestic processing or export, although not necessarily in the year in which it is
produced. Feed use increases in some areas in some years if price relationships warrant but these
circumstances have been exceptions rather than usual conditions. Thus, ninety-three percent of
production in each county was used in this study to designate volumes requiring inter-county
transport.

Reported percentages of marketed wheat transported by trucks is impacted to a greater degree
by rail transhipment than for other grains. Major transhipment points are located in the
Northeast district (Atchison and Kansas City); East Central district (Topeka); Central district
(Salina); and South Central district (Wichita and Hutchinson). Significant adjustments were
made in those districts in reported truck shipment percentages to compensate for impacts of rail
transhipment on the data. Smaller rail transhipment occurs in each of the other districts; hence,
smaller adjustments were made. These judgement adjustments are based on: (1) known patterns
of movement of wheat; (2) reported percentages of movement by unit train in each district; and
(3) reported statewide percentages by truck for small country elevator shippers and by large

country elevator shippers. GMAT reports on statewide truck shipments of wheat from small

39



Table 2. Percentages of Shipment by Truck for Soybeans, Wheat, Sorghum and Corn.
District Soybeans Wheat Sorghum Corn
3yr.  Adj.? 3yr.  Adj. 3 yr. Adj. 3yr. Adj.
Nw 47 47 14 19 62 62 94 94
WC 69 69 29 25 86 86 96 96
Sw 70 70 30 30 83 83 96 96
NC 65 65 38 40 32 32 60 60
C 65 75 18 38 23 45 84 84
SC 75 75 27 43 54 54 97 97
NE 29 75 16 45 16 45 18 85
EC 65 65 26 46 37 45 23 80
SE 81 81 _ ] 36 56 80 80 77 77
Sources: Three-year Averages (1987, 1988 and 1989) from GMAT reports.
* Adjustments in GMAT figures are by current study investigators.
Table 3.  Percentages of Intra-State and Inter-State Movements of Soybean by Truck by Origin
District.
Crop District Intra-State Inter-State Total
Movements® MO Other
Northwest 99.5 0.5 100
West Central 100 100
Southwest 99.8 0.2 100
North Central 96.9 2.6 0.5 100
Central 100 100
South Central 100 100
Northeast 64.7 34.0 1.3 100
East Central 99.2 0.2 0.6 100
Southeast 96.4 3.6 100
Total 92.4 6.6 1.0 100

Including Kansas City, Missour;
Other than Kansas City, Missouri
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country elevators (i.e., those with storage capacities of less than 1.5 million bushels) for 1987,
1988 and 1989 averaged 40.6 percent of shipments. Large country elevators (i.e., those with
1.5 million or more bushels of grain storage capacity) transported a three year average of 20.3
percent by truck. After adjustments by districts for this study, a statewide average of 35.7
percent of shipments by truck from all country elevators is estimated.

Counties containing exit points for interstate shipments were again designated as destinations
for interstate volumes for purposes of this study. Division of shipments between in-state and out-
of-state destinations are shown in Table 4.

Volumes of wheat produced in each district and commercial channels, and estimated amounts
transported by truck are indicated in Table 5.

Destinations of truck shipments for each origin district is reported in the GMAT
reports.'? Non-specified destinations are simply reported as "other Kansas" destinations. For
the 1989 crop, statewide "other Kansas" destinations were 26.8 percent of total truck shipments.
Percentages varied by districts from 48.6 percent in the Central district to 2.0 percent in the
Northeast. These amounts were allocated for each district to major flour milling centers not
listed as specific destinations (e.g., Wellington or Newton) and to transhipment centers of milling
capacities or transhipment activity. Very small amounts designated as shipments to "Kansas
feedlots” were combined with "other Kansas" designations and allocated in a similar manner.
Distribution of wheat with destinations not specified by GMAT is listed in Table 6. The

spreadsheet showing wheat O-D data is reported in Appendix A, Table 14.
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Table 4. Percentages of Intra-State & Inter-State Movements of Wheat by Truck by
Origin Districts.

Crop District Intra-State Inter-State Total
Movements NE |OK |TX | Other

Northwest 80.2 3.5 16.2 | 0.1 100
West Central 98.6 1.4 100
Southwest 73.1 0.2 13.3 | 11.7 1.7 100
North Central 93.6 6.4 100
Central 99.8 0.2 100
South Central 93.9 6.1 100
Northeast 99.6 0.4 100
East Central 96.1 3.4 0.5 100
Southeast 84.6 14.7 | 0.7 100

TOTAL 91.3 8.7 100

Table 5. Wheat Production (10-year average), Volume Entering Commercial

Markets and Volume Distributed by Truck (3-year average) by Crop
Reporting District (1000 bushels)

District Bushels Produced | Bushels Marketed | Bushels Shipped
by Truck
Northwest 44,056 40,972 7,785
West Central 42,009 39,069 9,767
Southwest 67,406 62,688 19,433
North Central | 50,581 47,040 18,816
Central 57,885 53,833 20,457
South Central | 82,647 76,862 33,051
Northeast 12,853 11,953 5,379
East Central 12,610 11,727 5,394
South East 23,028 21,416 10,708
Total 393,075 365,560 130,790
" 1000 bushels
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Table 6. Percentage Distribution by Origin District of Shipments of Wheat by Truck to
County Destinations for Wheat to "Other Kansas" and "Kansas Feedlots" in
GMAT Reports (1989 crop).

County Origin

Destination NW |WC [sw [NC |[Cc |sC |NE |[NC |SE
Dickinson 10.0 | 5.0 2.0 3.3 110.6

Harvey 5.0 3.0 10.0 | 1.0 | 12.0 | 9.7 1.4 |10.1
McPherson 2.0 2.0 2.0 0.5 |[5.0

Thomas 12.0 | 2.0 1.0

Ford 2.4 4.0 5.0

Sumner 1.0 12.0 11.6 | 17.4 15.8
Finney 2.7 5.0

Leavenworth 0.5 5.0 20 |1.0

Lyon 4.0 1.0
Sedgwick 10.4 1.0 |5.0
Total® 31.4 | 19.7 [37.0 |53 |48.2 |37.5 [2.0 |4.4 |309

Percent of total shipments by truck from the corresponding district.

Table 7. Three-year Average Percents (1984, 1988 and 1989) of Corn and Sorghum Sold
to Local Elevators by Farmers by Kansas Crop Reporting Districts.

District Corn Sorghum
Northwest 40 70
West Central 18 59
Southwest 39 66
North Central 52 59
Central 42 69
South Central 61 70
Northeast 42 37
East Central 41 42
South East 49 51

Source: Kansas State Board of Agriculture, Grain Marketing and Transportation Reports.

43



Corn and Sorghum

Marketing patterns for corn and sorghum are much different than marketing patterns for
soybeans or wheat. A substantial part of each crop is either retained for feed or other uses on
the farm where it is produced or it is delivered to feedlots directly from the farm. Local feed
similarly not listed (e.g., Abilene or Colby) based on the distance from O-D and relative size
markets of this kind do not require a great deal of inter-county movement in large trucks. In
1987, 1988, and 1989, GMAT data indicates that 50 to 55 percent of statewide production of
corn was disposed of in markets described above.!? Thirty-five to 40 percent of sorghum was
disposed of by farmers in similar markets.

In those market circumstances, it is likely the volume sold to local elevators will represent
quantities requiring longer distance movement by truck or rail. Table 7 shows the three year
average of corn and sorghum sold to local elevators.

The portion of country elevator sales transported by truck is greater for corn and sorghum
than for wheat. Production, local elevator purchases and volume distributed by truck are
indicated for corn and sorghum in Tables 8 and 9.

Destinations from country elevators of trucks shipments of corn and sorghum are not
designated in as geographically specific terms as for soybeans and wheat. Major portions of
truck shipments of each grain are designated as shipments to "Kansas feedlots” or to "other
Kansas" destinations. Combined shipments designated for the two destinations were 76.2 percent
of corn shipments statewide in 1989 and 62.8 percent for grain sorghum. To disaggregate these
destinations, a gravity model was devised based on: (1) feedlot capacities in destination counties;

(2) miles from the origin county to destination counties; and (3) the ratio of total feed grain
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Table 8. Corn Production (10-year average), Volume Entering Commercial Markets and
Volume Distributed by Truck (3-year average) by Crop Reporting District (1000

bushels).

District Produced Marketed Shipped by Truck
Northwest 20,054 8,022 7,541
West Central 11,401 2,052 1,970
Southwest 53,109 20,713 19,884
North Central 9,634 5,010 3,006
Central 3,905 1,640 1,378
South Central 11,175 6,817 6,612
Northeast 17,279 7,257 6,168
East Central 9,958 4,083 3,266
Southeast 2,945 1,443 1,111

Total® 139,460 57,037 50,936
Adjusted upward to reflect impacts of terminal transhipments on percentages by mode reported

in GMAT data.

Table 9. Sorghum Grain Production (10-year average), Volume Entering Commercial
Markets and Volume Distribution by Trucks (3-year average) by Crop Reporting
District (1000 bushels).

District Produced Marketed Shipped by Truck
Northwest 13,151 9,206 5,708
West Central 12,639 7,457 6,413
Southwest 50,054 33,036 27,420
North Central 30,245¢ 17,845 5,710
Central * 22,830 15,753 7,089
South Central 27,183 19,028 10,275
Northeast * 28,034 10,373 4,668
East Central 2 23,046 9,679 4,356
Southeast 19,509 9,950 7,960

Total 226,691 132,327 79,599

Adjusted upward to reflect the impact of terminal elevator transhipments on percentage

by mode reported in GMAT data.
Thousands of bushels
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consumption to feed grain production in each destination county. An "attraction coefficient” was
developed for each destination county relative to each potential origin county. The attraction
coefficient for a particular O-D combination was divided by the sum of attraction coefficients
for all counties and the result multiplied by undesignated corn or sorghum shipments by truck
in the origin county. The result was the bushels to be trucked from the origin county to the
destination county being addressed.

Initially, the model demonstrated very broad distribution of corn and sorghum with small
amounts being transported long distances in some cases. This problem was overcome by
truncating the model to permit a minimum volume of one truckload (51,000 pounds) to move
between counties.

The Sorenson formula developed by the authors for estimation of the attraction coefficient
for a destination county (e.g., Lane County) from a given shipment quantity from an origin
county (e.g., Scott County) is as follows:

Total feed grain

Feedlot Capacity consumption in

in Lane County X Lane County = Attraction
Miles from a central Total feed grain Coefficient
point in Scott County production in Lane
to a central point in County

Lane County
The attraction coefficient was then divided by the sum of all attraction coefficients from
Scott County to determine the portion of unassigned truck shipments from Scott County that
would be destined for Lane County.
The model estimates the movement of country elevators shipments by truck to feedlots

within the originating county, reducing total inter-county shipment by a concomitant amount.
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The spreadsheets for corn and sorghum origin-destination data by counties is reported in
Appendix A, Tables 16 and 17, respectively. Tables 10 and 11 show the intra- and inter- district

movements.

Boxed Beef

Data base information for estimation of distribution patterns for Kansas produced boxed
beef is from the Christie thesis mentioned earlier. Distributions in 1985 were by truck except
for minor amounts that moved to export ports by rail. Distribution patterns change very little
from year to year for Kansas boxed beef. Year-to-year production volume is also very stable.
For these reasons, the distribution pattern (1985) and production volume (1988) are
representative of any year in the 1980s.

Data on distribution of beef are from a very thorough sampling of shipment records and
interviews with plant management for the year 1985. Kansas beef is trucked to nearly every state
in the nation. Shipments in 1985 to Kansas destinations were 11.86 percent of production.
Inter-state movement was 88.14 percent (see Table 12).

Allocations of total shipment origins to each of four counties in which cattle slaughter is
concentrated in Kansas (i.e., Finney, Ford, Seward and Lyons) was based on slaughter capacities
of plants located in each of these counties. Destination markets were shared on the same basis.
Because transport cost is small relative to the value of the product transported, shippers can
compete in most markets without important advantages or disadvantages based on differential

transport costs.
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Table 10. Percent of Estimated Intra- and Inter-District Movements of Corn by Truck from
Country Elevators to Feedlots in Kansas, 1989 Crop.

Origin/Dest. | NW | WC [ SW | NC | C SC [ NE | EC | SE | Total
NwW 70 8 5 4 4 3 2 2 {2 |100
wC 6 75 8 2 3 3 1 1 1 100
SW 3 5 73 3 4 5 2 3 12 |100
NC 2 1 2 76 6 3 4 4 | 2 |100
C 1 2 3 5 71 9 2 4 (3 |100
SC 2 3 5 4 7 |69 2 4 | 4 |100
NE 0 0 0 3 2 2 | 8 8 | 3 |100
EC 0 0 0 1 1 0 7 89 | 2 |100
SE 0 0 0 0 0 0 0 1 {99 | 100
Table 11. Percent of Estimated Intra- and Inter-District Movements of Sorghum by Truck
from Country Elevators to Feedlots in Kansas, 1989 Crop.
Origin/Dest. | NW | WC | SW | NC [ C SC | NE | EC | SE | Total
NwW 70 7 5 5 4 312 2 |2 100
wC 6 67 8 4 5 4 | 2 2 |2 100
SW 3 5 74 3 4 512 2 |2 100
NC 3 2 2 73 6 315 4 | 2 100
C 2 3 3 6 66 8 |3 5 | 4 100
SC 2 2 5 4 8 66 | 3 515 100
NE 0 0 0 1 0 0 199 010 100
EC 0 0 0 0 0 0| 4 93 | 3 100
SE 0 0 1 1 2 4 | 2 g8 |8 | 100
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Table 12. Destinations of Kansas Beef Shipments by State and Region, 1985.

State and Total % of Kansas Carcass % of
Region Shipment Total Weight Interstate
ME 8,406 0.29 12,063 0.33
NH 11,998 0.42 17,218 0.47
VT 4,043 0.14 5,802 0.16
MA 81,700 2.84 117,224 3.22
RI 22,750 0.79 32,648 0.90
CT 65,876 2.29 94,536 2.60
New England 194,773 6.77 279,511 7.68
NY 130,013 4.52 186,576 5.13
NI 93,524 3.25 134,212 3.69
PA 140,791 4.90 202,043 5.55
Mid Atlantic 364,328 12.67 522,831 14.37
OH 119,737 4.16 171,829 4.72
IN 40,686 1.41 58,387 1.60
IL 111,629 3.88 160,194 4.40
MI 83,011 2.89 119,125 3.27

WI 56,927 1.98 81,693 2.25
Est. Nor. Cen. 411,990 14.32 591,228 16.24
MN 33,836 1.18 48,557 1.33
IA 156,650 5.45 224,801 6.18
MO 92,304 3.21 132,461 3.65
ND 8,742 0.30 12,545 0.34
SD 4,063 0.14 5,831 0.16
NE 88,527 3.08 127,041 3.49

KS 340,666 11.84 488,875 -——-
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Table 12. Destinations of Kansas Beef Shipments by State and Region, 1985 (Cont.)

Wist. Nor. Cen. 724,788 25.20 1,040,111 15.15
DE 259 0.01 372 0.01
MD 52,500 1.81 74,910 2.06
DC 3,150 0.11 4,520 0.12
VA 42,152 1.47 60,490 1.66
WV 4,652 0.16 6,676 0.18
NC 87,233 3.03 125,184 3.44
SC 36,837 1.28 52,863 1.45
GA 89,868 3.12 128,966 3.55
FL 116,910 4.07 167,772 4.61
So. Atlantic 433,261 15.06 621,753 17.08
KY 29,169 1.01 41,859 1.15
TN 60,136 2.09 86,298 2.37
AL 35,103 1.22 50,735 1.39
MS 23,168 0.81 33,247 0.91
Est. So. Cen. 147,576 5.13 211,779 5.82
AR 16,921 0.59 24,283 0.67
LA 45,677 1.59 65,549 1.80
OK 53,569 1.86 76,874 2.11
TX 242,457 8.43 347,939 9.56
Wst. So. Cen. 358,624 12.47 514,645 14.14
MT 1,519 0.05 2,180 0.06
D 212 0.01 304 0.01
CO 41,793 1.45 59,975 1.65
NM 4,257 0.15 6,109 0.17
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Table 12. Destinations of Kansas Beef Shipments by State and Region, 1985 (Cont.)
AZ 10,765 0.69 28,364 0.78
UT 7,885 0.27 11,315 0.31
NV 8,129 0.28 11,666 0.32
Mountain 83,560 2.90 119,913 3.30
WA 11,638 0.40 16,701 0.46
OR 6,778 0.24 9,727 0.27
CA 139,306 4.84 199,912 5.49
AK —_— e e -
HI — - e -
Pacific 157,722 5.48 226,380 6.22
U.S. 2,876,622 100.00 4,128,122 100.00

Total slaughter of 6.1 million head of cattle in 1988 was allocated to the four producing
counties with 38 percent assigned to Finney County; 28 percent to Ford; 18 percent to Seward
and 16 percent to Lyons County.

Total live weight of cattle slaughtered in 1988 was estimated at 6,905 million pounds.
Total carcass weight was 4,125 million pounds, which is the product of live weight times a
carcass yield of 59.7 percent. Total boxed beef weight is 3,011 million pounds or 73 percent of
carcass weight.

Among intra-state shipments, 175 million pounds is estimated Kansas consumption and
is allocated to Kansas county destinations on a population basis. The remaining 182 million

pounds is allocated to counties reporting meat processing activity other than slaughter on the
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basis of employee numbers in each county. Allocations to other states were based on the
reported 1985 beef distribution pattern.

The spreadsheet for boxed beef O-D data is reported in Appendix A, Table 18.

Summary

As indicated in this analysis, truck transportation is important to the distribution of the
products of Kansas agriculture. Truck transport of the four major crops on which this report
focuses has been increasing steadily for several years. Shipments of wheat from Kansas elevators
increased from an average of 16.6 percent in the first three years of the 1980 decade to 24.3
percent in the last three years. While corn shipment by truck remained at about 58 percent from
the early to the late years of the 1980s, sorghum shipments by truck increased from 40.6 percent
to 44 percent and soybeans from 56 percent to 60 percent.

Transport services to the beef production, slaughtering and distribution industries continue
to be supplied almost exclusively by truck. Kansas cattle slaughtering plants distribute beef
nationwide. Quality linkages with an interstate road network is essential to a viable beef
slaughtering industry in Kansas.

While the commodities discussed above are of major importance to Kansas agriculture,
other products using heavy truck movement also are important. Major quantities of fertilizers
and other agricultural chemicals move to local communities by truck. Fuels for agricultural
production are distributed by truck. Agribusiness manufacturing plants at rural or small town
locations frequently depend heavily on trucks to supply transport needs.

A good understanding of heavy truck movement leads to more efficient highway planning
and design and contributes to a viable, prosperous and competitive Kansas agriculture in national
and international markets.
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NETWORK DEVELOPMENT AND ASSIGNMENT PROCEDURES

The following explains the procedures used in performing transportation modeling using
the QRS II on statewide networks with commodity based inputs. Network creation is explained

followed by explanations of input trip table creation and output data.

Base Network Creation and Testing

As stated earlier, there were six basic networks created for this project; three for the
internal and through trips and three for internal-external trips. Two variations of internal-
external trips were run based on two different assumptions and are explained later. Three more
networks created for the second assumption are explained below.

All nine networks are based on an UTPS network created and used for other purposes by
KDOT. This network contains 202 transportation analysis zones (i.e., of which 132 are internal-
-105 counties plus 27 reservoirs, which were not used, and other points of interest) and 2,200
links. The county seat was assumed to be the zone centroid. The reservoirs (i.e., part of the
network from previous research) and other points of interest were kept in the network for
continuity but were zeroed out. The only active zones were the 105 counties and 68 external
stations. The 68 external stations are located where state highways cross the Kansas border and
where KDOT has recent (i.e., 1988) total heavy truck counts. This UTPS network was
downloaded to microcomputers and converted to QRS II format. The base network and external

station counts are shown in Figure 1.
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Initial tests were performed on this base network to verify the links were properly
connected. All link speeds were assigned 55 mph to test network continuity and assignment
operational viability. After several corrections, the network was considered feasible as a base.
An equivalency file was created to assign the CANSYS data base attributes maintained by KDOT
to each non-city link in the network.

CANSYS is a data base that contains all of the KDOT statewide highway system
highways and all of their attributes, (e.g., classification, geometric parameters, speeds, pavement
condition, and others). CANSYS is the "master" data base for the entire Kansas state highway
system. For example, the State Transportation Plan (STP) classification codes A through E are
contained within CANSYS, as are the no passing percentages used in the terrain network
described below.

The CANSYS data base fields for STP Classification, Divided Facility, Access Control,
and Percent No Passing were downloaded for use in creating the new networks from the base
network. The nine networks for the study described below were created from this base by

changing link speeds based on three different sets of criteria.

Study Network Creation - STP
The first new network created was the STP network. Speeds were assigned to each link

on the network as follows:

® A - 60 mph
° B - 45 mph
® C - 35 mph
® D - 25 mph
° E - 15 mph
® City links - 5 mph



Links that could not be traced back to the rural sections of the CANSYS database were
assumed to be inside cities. Because of the frequent stops and slower speeds in the cities, the

links that were assumed to be city links were given a default of 5 mph.

Study Network Creation - Toll
A toll facility network was created from the CANSYS base and the toll facilities were
manually assigned a speed of 50 mph as an assumed resistance to paying the toll and all other

links were assigned a speed of 60 mph.

Study Network Creation - Terrain

The third network created was based on terrain. Because the base network data base does
not contain an explicit terrain field, the field containing percent no passing was used as a
surrogate for terrain (i.e., high percent no passing is a surrogate for hilly terrain while heavy
truck speeds would be lower). Since percent no passing is only given for non-divided facilities,
divided facilities were manually assigned speeds using subjective judgement based mainly on the
physiographic provinces as depicted on the Official Kansas 1991-1992 Transportation Map.

For example, I-70 from the Colorado border eastward to Ellsworth, XS, is in the "high
plains” physiographic province and essentially flat. These links were assigned a speed of 65
mph. From Ellsworth, KS, eastward to Salina, the terrain is rolling and a speed of 55 mph was
assigned to each link. From Salina eastward to the Shawnee County line (just east of Topeka,
KS), the terrain is hilly and a speed of 45 mph was assigned to these links. From the Shawnee

County line to the Missouri border, the terrain is relatively flat and 65 mph was assigned. On
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I-35 from Salina south to the Oklahoma border and on the Kansas Toll road from Topeka to
Wichita, the same subjective judgements were made, assigning speeds from 45 mph to 65 mph.
The non-divided facilities were assigned speeds based on the following percent no passing

sections that were available from the CANSYS data base:

e < 30% no passing - 65 mph

o > 30% no passing - 55 mph

o > 50% no passing - 45 mph

e > 75% no passing - 35 mph

e > 90% no passing - 25 mph
cities = 5 mph.

These three networks were used for traffic assignment of all internal-internal trips and
external-external through trips. The internal-external trips were assigned to different networks

because of different data requirements that is explained in the next section.

Study Network Creation for Internal-External Trips

The other six networks are identical to the first three in terms of link speeds. The
difference was in the data entered at the external stations and the addition of production and
attraction values that were assigned to each of the zone (county) centroids. There was no sound
basis to assign commodity productions from each county to out-of-state destinations. It was
decided to use the total heavy vehicle counts at the Kansas external stations as "productions" and
assign these by assuming the 105 counties were the "attraction" end of the trip.! The assumed
agricultural portion of the total vehicle counts were assigned based on the agricultural data from

spreadsheets developed for each agricultural product for the 105 counties and shown in

! Actually, runs were made bothways, i.e., with the productions and attractions reversed, and
there was no difference in the output.
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Appendix A. The number of out-of-state agricultural trips used to/from each county for each
commodity was taken from the spreadsheet as the sum of total trips minus the internal trips.

These trip ends were then distributed using the gravity model. The non-agricultural
portion (not broken down by individual commodity in this project) was distributed to the 105
counties using the gravity model based on available data on non-agricultural employment by
county. QRS II designation HBWP was a surrogate for agricultural commodity trip productions
and HBNWP was a surrogate for non-agricultural trip productions. External stations were each
assigned a HBWP for each heavy commercial vehicle assumed to cross the state border at that
location minus the trips traveling completely through the state which enter or exit through that
station. The internal zones were assigned HBWP agricultural commodity trip ends based on the
commodity spreadsheets converted to trucks trips. How these new inputs affect the network will
be discussed under internal-external assignments.

First, the external stations were each assigned 40% HBWPs representing agricultural trips
and 60% HBNWPs representing non-agricultural trips for the heavy commercial vehicles assumed
to cross the state border at that location, minus the trips travelling completely through the state
which enter or exit through that station. Three assignments (STP, Toll, and Terrain) were made
based on this 60/40 split at the external stations.

In the study network creation for internal-external trips, six networks were used consisting
of two variations of STP, Toll and Terrain. It is unknown what portion of the external station
heavy truck counts were agricultural products, and as stated before, two separate assignments of
40 percent and 25 percent were made representing lower and upper limits. Actual heavy truck

flows would be between the value resulting from each assignment. Thus, three networks were
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created with the 40 percent assumption; and three more for the 25 percent assumption.

Three additional assignments were also made based on a 75/25 split, (i.e., 75 percent non-
agricultural trips and 25 percent agricultural trips).

Each county’s attraction figures were assigned two values. The HBWAs were assigned
based on the agricultural commodities out-of-state shipment totals from all the commodity
spreadsheets. The HBNWAs value assigned to each county was the number of non-agricultural
employees in the county. This value was assumed to represent the non-agricultural attractiveness

of each county.

Internal-Internal Trip Table Creation

The county-to-county trip interchange was supplied for each of the five commodities in
a spreadsheet format. As stated earlier, these spreadsheets were converted into ASCII files and
converted from commodity units to truck trips. For the grains, a conversion of 850 bushels per
truck was used. Beef was converted at the rate of 40,000 pounds per truck. These converted

ASCII files were used as inputs into QRS II’s trip assignment module.

Beef, Soybeans, and Wheat. Spreadsheets for each commodity containing county-to-

county interchanges and county-to-out-of-state interchanges were supplied to KDOT in
commodity units by KSU researchers. The county-to-county portion of the spreadsheets were
converted into trucks and exported into ASCII "Addtrips.txt" files for input into QRS II as user-
defined trip tables. Input files were then used with all three internal-internal networks for vehicle

assignment. Note that neither trip generation nor trip distribution were performed in this process.
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Output values were collected from each of the three assignment networks. Assigned link load
output from these networks were then used for input into spreadsheets. The link loads were then
combined in the spreadsheets using 50% of the STP network assignment link loads, 30% of the
Toll network assignment link loads, and 20% of the Terrain network assignment link loads.
These weighted link loads were used to establish bandwidth ranges used to create bandwidth plots

as graphic output.

Corn and Sorghum. Corn and sorghum data was processed in basically the same way

except an extra step was added for distribution. The spreadsheets contained productions in each
county and feedlot consumptions within each county instead of county-to-county interchange of
the grain. These productions and consumptions were combined with a KDOT county-to-county
distance matrix for input into a distribution model developed by the authors. Output from this
model was a county-to-county truck trip interchange matrix for each commodity. This matrix
was also converted into ASCII "Addtrips.txt" files for input into QRS II as user-defined trip
tables. The remainder of the procedure was the same as previously described for beef, soybeans,

and wheat.

External-External Through Trip Table Creation

KDOT had previously taken external O-D studies at various cities around the state for
decades. These studies were aggregated to determine what combination vehicle trips had both
ends of their trips outside of Kansas. Care was taken not to double count any trips that may

have passed through two O-D stations in different cities. The trips were assigned entering and
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exiting stations along the borders of the state. These trip interchange combinations were used
to create a through trip table for input into QRS II's trip assignment module.
The through trip table matrix was also converted into ASCII for input into QRS II. Again

the vehicle assignment procedure and output procedures were repeated.

Internal-External Trips

Because the interchange of internal-external trips was unknown, the trip distribution was
left to the gravity model portion of QRS II. Note that the heavy truck trips had to be given
surrogate names corresponding to standard QRS II trip type names. To accomplish this, the
external station values were assigned as "HBW productions" as described previously in the
network creation section. The centroids representing each county were assigned values as "HBW
attractions," based on the remainder of trucks produced in each county but not accounted for in
the county-to-county interchange matrix. The gravity model basically assigns trips from a
production to an attraction based on likelihood of that trip occurring. The likelihood of the trip
occurring is mainly a function of travel time between O-D. The output from the gravity model
is basically a trip interchange matrix. This matrix is then used like the internal-internal matrices
as an input for QRS II’s trip assignment module.

To accomplish the above procedure, the external-local networks were created by manually
entering production and attraction values at the external stations and at the county seats in the
three existing networks. For those familiar with QRS II, this process is known as adding
"production and attraction tags." Total productions at each external station were determined by

taking the heavy commercial vehicles at the station less the through trips that enter or exit
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through the station. These totals were then split into a 40/60 ratio (i.e., a 40% agricultural
entered as HBWP and 60% non-agricultural entered as HBNWP).

To form an envelope of probable ratios between agricultural and non-agricultural external-
local trips, the process was repeated using a 25/75 ratio. Each county seat was assigned HBWAs
determined by adding the commodity spreadsheets non-Kansas destinations (i.e., sum of trucks
of beef, corn, sorghum, soybeans, and wheat that leave the state from each county seat).
Employment of each county was entered as HBNWASs surrogates to represent the non-agricultural
trips.

Previous assignments only used the agricultural commodities from the study as a basis for
distribution of the internal-external trips. This definitely biased these trips toward the more
agricultural areas of the state and away from population and employment centers. Therefore an
employment component was added to these networks by splitting the attractions at the external
stations as described above. The centroids representing each county were modified to include
the countywide employment figures as HBNWAs. The grain and beef productions from the
previous assignments were left unchanged for each county. The program’s gravity model was
then used to match up the HBWASs at the counties with the HBWPs at the external stations to
simulate a trip component based on employment.

Several quirks to the QRS II distribution model were discovered. One difficulty was QRS
II’s limitation of a maximum 60-minute trip. To offset this in a statewide model, the scale of
the networks was reduced by a factor of ten to change the relative state dimensions from 200
miles by 400 miles to 20 miles by 40 miles. Also to allow the model to balance productions and

attractions, HBWP and HBNWP values had to be assigned to each of the external stations and
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HBWA and HBNWA values had to be assigned to each of the county seats. Adding these
productions and attractions to one external station and one internal station allowed the balancing
model to run with no adverse affect on the output.

The inputs used override QRS II’s trip generation model. Balancing the trips was
performed based on productions remaining constant so that the trips crossing the state cordon line
would reflect the counts at the external stations. Trip distribution was performed based on an
exponential friction factor equation; ff=1/e; where x = 0.1. Trial and error determined that
using x = 0.1 yielded what was subjectively determined by KDOT staff to give the best results.
Only one iteration of the distribution model was run to make trip lengths more realistic by not
forcing longer trips to balance. When more than one iteration was run, the average trip length
that resulted was about 50 percent higher than the + 110 miles that KDOT assumed from
previous studies.

The output procedures were completed on QRS II’s output networks. Some care was
necessary to maintain compatibility with the other networks since the scales for all trip categories

are different.

Trip Assignment

QRS 1II is a travel demand model that is normally used for small urban areas travel
demand forecasting. For internal-internal and external-external travel forecasts, only the
assignment portion of QRS II was used. This portion of the PC program determines the shortest
time path between origin and destination points and assigns the trips between that O-D pair along

that path. Because this methodology does not spread the trips out over the system, and because
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shortest time path is not the only reason drivers choose their route, results from three different
networks were used. (Network development was described previously.) Output from these three
networks was then weighted with 50% of the weighting on the STP network, 30% on the Toll
network, and 20% on the Terrain network. After experimentation with several combinations it

was determined subjectively by KDOT staff that the 50, 30, 20 ratio gave the best result.

Output

The final output created from these weighted traffic assignments is presented in the form
of bandwidth plots. These plots indicate the relative usage in terms of trucks per day (i.e.,
Average Daily [Heavy] Truck Trips (ADTT)) on each link by width. Because of wide variations
in the values and physical limitations each plot has the "best" plot for that trip category, albeit

all scales are different and cannot be directly compared visually to each other. The widest band

on each plot varies from 1/8 inch wide to about 1/2 inch wide, and its value (ADTT) is given
in a key on each plot. Relatively little used links (between one unit and the next higher
increment) show up as single lines. The zero links (no trips) are shown as dotted lines. The
bands in between are scaled proportionately to the maximum load on any link in the network.
A map of individual link values would be too bulky to print out, and using individual link values
would imply an accuracy that may not be valid for any given individual link. A list of link
values could be printed but not in a format that could be easily identified by map.

There are five individual commodity plots of: (1) beef, (2) corn, (3) sorghum, (4)
soybeans, and (5) wheat. There is one plot of the sum of all grains. Two plots were created

showing internal-external trips, one at the 60/40 split and one at the 75/25 split. There is one
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additional plot summing all five commodities, external-external (through) and internal-external
trips. A graphic representation is shown in the Executive Summary. If an ESAL plot was
created, it would be identical to this plot. The only difference between the combined truck plot
and the combined ESAL plot at this point is to factor every truck by 1.92. As explained
previously in the report, data were not available, nor were resources, to research this aspect to

obtain reliable values for each category.

Weaknesses in the Procedure

The biggest weakness in the above procedures is the lack of validation. This could be
overcome with additional research time and effort. Variables in question are 850 bushels per
truck for all of the grain commodities and 40,000 pounds of boxed beef per truck. It is the
opinion of the study team (after the fact) that 910 bushels per load for corn, soybeans and
sorghum and 44,000 pounds per load for beef would have been better values.

Speeds assigned to links and/or routes in the networks were based as much as possible
on real world data from KDOT’s CANSYS, but could not be tested thoroughly. The current
variations in the speed differential experienced between KDOT designations of an A route and
a C route may not be what was estimated at the time of the network creation. Also, the network
was not created specifically for heavy truck trips (i.e., truck speeds and time may differ). The
same variational differences should be tested in the Toll and Terrain networks.

The weighting of the outputs was subjectively determined by trial and error to be most
representative at 50 percent STP, 30 percent Toll, and 20 percent Terrain, but these figures could

easily be adjusted and calibrated to match actual classifying ground counters on the state system.
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Currently we can only use an across-the-board 1.92 ESAL per truck due to lack of data
to determine ESAL by commodity. The 1.92 is a value KDOT currently uses, based on average
weight station data. This is a major drawback in determining ESAL on the system from
commodity-based input. Additional research on several of the inputs and procedural variables

in this study could yield significantly better results given the time and resources.

Streamlining the Procedure

For future use of these modeling techniques, a streamlining effort would be very
beneficial. The process could be greatly enhanced by first creating a spreadsheet template for
all agricultural data. If this data were provided in a consistent format, a routine to convert
spreadsheet commodity data from commodity units to truck trips in QRS II’s trip table format
(i.e., addtrips.txt) could be developed and systematically maintained. Secondly, a refinement
or elimination of the Sorenson model used for corn and sorghum distribution, in favor of
adapting the more traditional gravity model could ease operator’s task, probably without
degrading the output for the corn and sorghum trips. However, calibration may be difficult and
time consuming. The Sorenson model is similar to the gravity model used in QRS II, but it
currently has to be performed by the operator, somewhat clumsily, from very large linked
spreadsheets.

A third recommendation is to develop a procedure to validate the output. QRS II offers
numerous output files and information. Checks are currently made primarily by visual inspection
of the flow-band output, and total vehicle miles of travel, and average trip length, but checks

could be made on output on individual links, trip interchange output matrices, or numerous other
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possibilities. The drawback to these checks with a PC is in the additional time and tremendous
computer storage space requirements. Saving output networks for a single commodity takes over
1.2 megabytes; support files add an additional strain on storage capacity. Current storage
requirements for input and output files for the model is over 40 megabytes even with data
compression.

A better method from output networks to drawing files should also be developed. The
current KDOT procedure requires loading the output files into the QRS II GNE and extracting
data such as the link endpoint names, endpoint coordinates, link type, and link directional loads.
Data from the three output networks must then be combined in a spreadsheet to determine
weighted link loads, which are then assigned to various ranges of layer and color information.
A microcomputer CAD drawing is created using a program written in-house by KDOT. The
drawing is then exported to Unix format and transferred to KDOT’s unit-based CADD network
for the cartography section to make final additions and for plotting. If the system was
established and consistency guaranteed, the output process could be greatly streamlined and
improved.

Overall the system works reasonably well as a prototype. It provides a great
improvement over previous efforts. There are many steps that still need some refinement, but
none of the refinements have any known barriers except for the resources required, particularly

man-hours. Individual assignment values are shown on flow sheets that follow.
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HEAVY TRUCK MOVEMENTS

The tables in Appendix A represent estimated truck movement patterns of the five
agricultural commodities. The proportion of the commodity’s total movement by highway varies
from approximately 35 percent for wheat to nearly 100 percent for boxed beef. For the grains
and soybeans, reported movement patterns reflect movements of that portion of annual shipments

that move by truck only.

Wheat. Wheat shipped by truck from Kansas elevators to in-state destinations generally

moves from west-to-east, as demonstrated in Figure 2. There is also significant north to south
movement, especially in the central part of the state. Heavy movement from southwest Kansas
to Hutchinson and Wichita indicate prominent use of US-50, and US-54/K-61 entering
Hutchinson and 1-35, I-135, US-54 and K-96 entering Wichita. For wheat movements to and
beyond Salina to Topeka and Kansas City from western Kansas, heavy use of I-70 is indicated.
These appear to be logical routes. Movements along Kansas US-36 from west to east and north
to south movements on US-81 also conform to expectations.

Other than to the major terminal cities, wheat moves by truck in smaller amounts to
additional flour milling and grain merchandising points in the state. These include Garden City,
Dodge City, McPherson, Emporia, Newton, Leavenworth, Arkansas City, and Abilene.
Shipments to exterior destination by truck are to only a few near or contiguous states. Trucks

do not compete well with rail for longer distance movement.
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Sorghum: Sorghum distribution by heavy trucks throughout the state reflects broadly
distributed feed-grain use. Distribution patterns are very similar to those of corn. As with corn,
sorghum distribution by local elevators to feedlots within the same county are a significant
portion of local elevator sales. These movements are not shown in the intercounty matrix and
hence, not a part of the graphic display of truck distribution. However, the quantities remaining
within the county of origin emphasize the need to provide quality secondary roads to support

short-distance movements of both corn and sorghum. (See Figure 5.)

Boxed Beef: Beef shipped from Kansas® major slaughtering plants moves by truck almost
exclusively. Approximately 12 percent of total production goes to Kansas destinations for
consumption or for further processing. The graphic display in Figure 6 illustrates this in-state
movement. The statewide network is used broadly with concentrated routes from southwest
Kansas to northeast and central Kansas population centers prominent. The level of movement
by truck on major routes is comparable to corn and sorghum with ADTT’s of nine and twelve,
respectfully.

In total distribution of Kansas beef a majority of 88 percent moves to external
destinations. This would amount to an ADTT of about 58 trips per day. These are not shown
seperately (i.e., boxed beef is included in the external-local graphic in Figure 7). Much of the
movement is to destinations east of Kansas. (See Tables 12 and 18) Much of the beef produced
in Kansas will move from relatively concentrated production in southwest Kansas to exits at the

east end of the state.
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Table 19.

Boxed Beef Origin-Destination Spread Sheet

Boxed Beef Distribution on Origins-Destinations
Units: Thousand Pounds

IL. Destination Shipped |Origin Kansas Counties

States by Truck Finney Ford Seward Cyon
ME 8,760 3,329 2,453 1,577 1,402
NH 12,476 4,741 3,493 2,246 1,996
VT 4,247 1,614 1,189 764 680
MA 85,475 32,480 23,933 15,385 13,676
Rl 23,891 9,078 6,689 4,300 3,822
CT 69,017 26,226 19,325 12,423 11,043
NY 136,176 51,747 38,129 24,512 21,788
NJ 97,951 37,221 27,426 17,631 15,672
PA 147,325 55,983 41,251 26,518 23,572
OH 125,292 47,611 35,082 22,553 20,047
IN 42,472 16,139 11,892 7,645 6,796
L 116,798 44,383 32,703 21,024 18,688
Ml 86,802 32,985 24,305 15,624 13,888
wi 58,726 22,696 16,723 10,751 9,556
MN 35,305 13,416 9,885 6,355 5,649
1A 164,048 62,338 45,933 29,529 26,248
MO 96,889 36,818 27,129 17,440 15,502
ND 8,025 3,430 2,527 1,625 1,444
SD 4,247 1,614 1,189 764 680
NE 92,642 35,204 25,840 16,676 14,823
DE 265 101 74 48 42
MD 54,683 20,779 15,311 9,843 8,749
DC 3,185 1,210 892 573 510
VA 44,065 16,745 12,338 7.932 7,050
wv 4,778 1,816 1,338 860 764
NC 91,315 34,700 25,568 16,437 14,610
SC 38,490 14,626 10,777 6,928 6,158
GA 94,235 | 35,809 26,386 16,962 15,078
FL 122,372 46,502 34,264 22,027 19,580
KY 30,527 11,600 8,547 5,485 4,884
N 62,912 23,906 17,615 11,324 10,066
AL 36,898 14,021 10,331 6,642 5,904
MS 24,1586 9,179 6,764 4,348 3,865
AR 17,785 6,758 4,980 3,201 2,846
LA 47,781 18,157 13,379 8,601 7,645
OK 56,010 21,284 15,683 10,082 8,962
™ 283,770 96,433 71,056 45,679 40,603
MT 1,593 605 446 287 255
D 265 101 74 48 42
wy 0 0 0 0 0
CO 43,799 16,644 12,264 7,884 7,008
NM 4,513 1,715 1,264 812 722
AZ 20,705 7,868 5,797 3,727 3,313
Ut 8,229 3,127 2,304 1,481 1,317
NV 8,494 3,228 2,378 1,529 1,359
WA 12,211 4,640 3,419 2,198 1,954
OR 7,167 2,724 2,007 1,290 1,147
CA 145,732 55,378 40,805 26,232 23,317
AK 0 0 0] o 0
HI 0 0 0 0 0
Total 3,011,000 1,144,179 843,081 541,980 481,760
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Table 1g. Boxed Beef Origin-Destination Spread Sheet (continued)

Boxed Beef Distribution on Origins-Destinations

Units: Thousand Pounds

101

|. Destination Shipped |Origin Kansas Counties:
Kansas Counties by Truck Finney Ford Seward LCyon
Allen 1,074 408 301 193 172
Anderson 573 218 160 103 g2
Atchison 1,243 472 348 224 189
Barber 432 164 121 78 69
Barton 7,745 2,943 2,169 1,394 1,239
Bourbon 1,100 418 308 198 176
Brown 817 310 229 147 131
Butler 3,713 1,411 1,040 668 584
Chase 222 84 62 40 36
Chautauqua 323 123 80 58 52
Cherokee 1,568 596 439 282 251
Cheyenne 238 90 67 43 38
Clark 177 67 50 32 28
Clay 672 255 188 121 108
Cloud 809 307 227 146 129
Coffey 617 234 173 111 1]
Comanche 171 65 48 31 27
Cowley 14,062 5344 3,937 2,531 2,250
Crawford 7,850 2,983 2,198 1,413 1,286
Decatur 295 112 83 53 47
Dickinson 1,393 529 390 251 223
Doniphan 597 227 167 107 96
Douglas 6,005 2,282 1,681 1,081 961
Edwards 278 106 78 50 44
Elk 244 a3 68 44 39
Ellis 1,907 725 534 343 305
Ellsworth 483 184 135 87 77
Finney 40,150 15,257 11,242 7.227 6,424
Ford 26,642 10,124 7,460 4,785 4,263
Frankiin 1,614 613 452 291 258
Geary 2,235 849 626 402 358
Gove 237 80 66 43 38
Graham 261 Q9 73 47 42
Grant 526 200 147 95 84
Gray 395 150 111 71 63
Greeley 129 49 36 23 21
Greenwood 576 219 161 104 92
Hamilton 176 67 49 32 28
Harper 1,745 663 489 314 279
Harvey 2,277 865 638 410 364
Haskell 285 108 80 51 46
Hodgeman 161 61 45 29 26
Jackson 845 321 237 152 135
Jefferson 1,167 443 327 210 187
Jewell 312 119 87 58 50
Johnson 27,283 10,368 7,639 4,911 4,365
Kearny ‘ 295 112 83 53 47
Kingman 609 231 171 110 97
Kiowa 268 102 75 48 43
Labette 1,739 661 487 313 278
Lane 174 66 49 31 28
Leavenworth 4,726 1,796 1,323 851 756
Lincoln 268 102 75 48 43




Table 19. Boxed Beef Origin-Destination Spread Sheet (continued)

Boxed Beef Distribution on Origins-Destinations
Units: Thousand Pounds

1. Destination Shipped  |Origin Kansas Counties -

Kansas Counties by Truck Finney Ford Seward Cyon
Linn 606 230 170 109 97
Logan 226 86 63 41 36
Lyon 42,543 16,166 11,912 7,658 6,807
Marion 845 359 265 170 151
Marshail 859 326 241 155 137
MPherson 2,000 760 560 360 320
Meade 312 119 87 56 50
Miami 1,722 654 482 310 276
Mitchell 529 201 148 95 85
Montgomery 2,850 1,083 798 513 456
Morris 455 173 127 82 73
Morton 255 97 71 46 41
Nemaha 767 291 215 138 123
Neosho 1,250 475 350 225 200
Ness 295 112 83 53 47
Norton 437 166 122 79 70
Osage 1,118 425 313 201 179
Osborne 1,579 600 442 284 253
Ottawa 414 157 116 75 66
Pawnee 555 211 155 100 89
Phillips 484 184 136 87 77
Pottawatomie 1,184 450 332 213 189
Pratt 712 271 199 128 114
Rawlins 250 95 70 45 40
Reno 10,343 3,930 2,896 1,862 1,655
Repubilic 476 181 133 86 76
Rice ) 779 296 218 140 125
Riley 4,928 1,873 1,380 887 788
Rooks 443 168 124 80 71
Rush 282 107 79 51 45
Russell 576 219 161 104 92
Saline 3,618 1,375 1,013 651 579
Scott 388 147 109 70 62
Sedgwick 39,235 14,909 10,986 7,062 6,278
Seward 20,238 7,690 5,667 3,643 3,238
Shawnee 17,579 6,680 4,922 3,164 2,813
Sherdian 223 85 62 40 36
Sherman 507 193 142 91 81
Smith 373 142 104 67 60
Stafford 394 150 110 71 63
Stanton 171 65 - 48 31 27
Stevens 371 141 104 67 59
Sumner 1,897 721 531 341 304
Thomas 606 230 170 109 97
Trego 27 103 76 49 43
Wabaunsee 485 184 136 87 78
Wallace 134 51 38 24 21
Washington 521 200 144 94 83
Wichita 202 77 57 3% 32
Wilson 755 287 211 136 121
Woaodson 302 115 85 54 48
Wyandotte 18,353 6,974 5,139 3,304 2,936
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