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INTRODUCTION

The smooth and timely harvesting of Kansas wheat requires the par-
ticipants in the grain marketing system to be aware of the relationships
existing among the harvesting, storing, and transportation functions at
harvest.

Wheat harvest in Kansas places a significant stress upon the grain
harvesting and marketing system. Failure of the system to be in harmony
results in interruptions occurring in the smooth movement pf grain evi-
denced by congestion at the local level resulting in:

1) lines of farm trucks forming at the local elevator waiting to

unload.

2) local elevators not receiving grain because available storage

space is filled.

3) combines with full hoppers waiting in the fields for trucks to

return from the elevator.

4) grain stored temporarily in farm buildings not designed for

grain storage.

5) grain piled on the ground subject to weather and pest damage un-—

til suitable storage facilities becomes available.

Delays during wheat harvest are critical for farmers because unhar-
vested fields are susceptible to weather damage, shattering, and loss in

quality when left standing after the grain has ripened.



PURPOSE of the STUDY

The harvesting-marketing flow of wheat during the harvest period
is facilitated by an interdependent system involving and affected by
activities and decisions at several levels or sub-systems. Each sub-
system is under separate control and management; each has its own func-
tions within the system; and each has optimization goals for its own
sub-system. Functional sub-systems are 1) harvesting and local eleva-
tor delivery (farm), 2) local receiving, stbring, and/or shipping (local
elevator), 3) transportation activities (railroads or motor carriers),
and 4) terminal receiving and storing (terminal elevator or processor).

Specific problem approaches to system bottlenecks have tended to
focus on specific agencies without conceptualizing a system involving
interdependencies and the influence of events or decisions at one level
on performance and efficiency at other levels. System disturbances are
frequently characterized as "boxcar problems'" with implied decision er-
rors when unpredictable and perhaps improbable events at other levels
in the system may have generated the problems,

It is the purpose of this study to describe and characterize deci-
sions and decision environment during the wheat harvest throughout the
four system stages for a better understanding of alternatives at each de-
cision center under a variety of conditions. Exploring the marketing
logistics system will improve our understanding of why problems can occur
during harvest and point the way to system changes or bring into focus

research areas for possible system improvements.



OBJECTIVES

The specific objectives of this study are to:

1)

2)

3)

4)

Identify and describe the sub-systems involved in the flow of
Kansas wheat during harvest.

Identify and describe potential bottlenecks or system stresses
occurring during the harvest flow and system consequences of
those bottlenecks or stresses.

Identify and evaluate possible alternatives and safeguards avail-
able to the participants prior to, or during harvest and costs
associated with those altermatives.

Identify and evaluate proposals for system improvements and sug-

gest areas of study offering potential for improvement.



STORAGE and TRANSPORTATION of KANSAS WHEAT

Storage

Storage is a necessary part of the marketing system to the extent
there is any time lag between the production of raw materials and the
consumption of the processed product.

Kohls (l)lj refers to two types of normal storage operations a) that
which equalizes seasonal production with the pattern of demand, and b) the
storage at all times necessary to keep the marketing system operating with-
out interruption. FEach type of storage operation is important for grain.
When storable crops including wheat, corn, and sorghum grain are harvested
once a year during a short period of time the grain must be stored and
distributed for consumption during the remainder of the year. Minimum
pipeline stocks must also be available to maintain a basic flow through
the marketing and processing system. Storage can be accomplished by on-

farm storage or off-farm commercial storage.

On-farm storage

Grain storage on the farm is usually a) to provide storage for seed
grain, b) to provide a feed supply to support a livestock operatiomn, or
¢) to conform to the farmers' overall marketing plan for each grain.

A survey by the Kansas Crop and Livestock Reporting Service estimates
the capacity of on-farm facilities in Kansas suitable for storing graim at
453 million bushels on April 1, 1977. This-ccmpares with 459 nillion bush-

els in 1974 when the most recent previous survey was conducted (Table 1).

1/ Underlined numbers in parentheses refer to Literature Cited.



Table 1-~ Kansas Farm Storage Capacity

Total Capacity Types of Structure - 1977
Other Dry High
District 1974 1977 Metal Grain Storage Moisture
1,000 Bushels
NW 56,500 60,600 43,400 10,300 6,900
WC 46,700 47,400 33,500 9,500 4,900
SW 65,100 62,900 40,400 10,400 11,600
NC 61,400 68,700 50,100 11,700 6,900
C 51,700 52,900 32,700 16,200 4,000
SC 56,600 52,600 37,000 10,300 5,300
NE 39,200 37,600 25,500 7,300 4,800
EC 39,000 32,600 21,200 7,900 3,500
SE 42,500 37,300 22,100 10,600 4,600
Total 459,200 453,100 306,400 94,200 52,500
Source: Kansas Crop and Livestock Reporting Service, Grain Stock and

Capacity Report, April 1, 1977.



Metal bins account for 68% of the total capacity with other dry grain
storage accounting for 21%, and high moisture storage accounting for the
remaining 11%. The capacity of wood structures declined between 1974 and
1977. Of the 453 million bushels of farm storage, the western one—third
of the state accounts for 171.4 million bushels of storage, or 38%; the
central districts 38%; while the remaining 24% is located in the eastern
three crop reporting districts.

The April 1 survey also inquired as to farmers plans to add additiomal
on-farm storage within the next year. Their intentions are to add 26.3
million bushels of on-farm storage during 1977; with plans to add 9.2 mil-

lion of that storage in the West Central and Southwest districts (Table 2).

Qff-farm commercial storage

Off-farm (commercial) storages are classified by the grain industry
as local elevators or terminal elevators. Size is not the determining
factor of classification, rather classification is according to the source
of elevator receipts, with terminal elevators receiving over 50% of their
grain receipts from local elevaters.

Kansas has approximately 1000 commercial elevators ranging in size
from under 100,000 bushels capacity to larger-than 2.4 million bushels.,
The Kansas Grain and Feed Dealers Association (KGFDA) 1977 surveyg/ of
elevator characteristics in Kansas is summarized for local elevators and
terminal elevators in Table 3.

Local elevators are dispersed across production regions for receiving

2/ A questionnaire was sent to all members of RKGFDA the week of April 17,
1977. The 395 responses to this questicnnaire were used in compiling
the survey.



Table 2 --Intentions to Add Grain Storage Facilities on Kansas Farms in 1977

Intended Storage
District (Dry Grain & High Moisture Grain)

1,000 Bushels

Northwest . 1,800
West Central 4,500
Southwest 4,700
North Central 3,200
Central 2,600
South Central 2,800
Northeast 3,100
East Central 2,900
Southeast 700

STATE 26,300

Source: Kansas Crop and Livestock Reporting Service, Grain Stock and Capacity
Report, April 1, 1977.
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grain directly from farmers. Their primary function is the assembly of
grain, with facilities for weighing, receiving, and/or shipping to ter-
minal elevators or processors. When local elevators receive more grain
in a vear than their facilities will accommodate, the excess grain is
shipped to a terminal elevator for storage.

Terminal elevators furnishing the large storage reservoirs necessary
in the grain marketing system are located in principle marketing centers
having access to railroad mainlines and/or barge transportation. In Kan-
sas, terminal elevators are located in Atchison, Hutchinson, Kansas City,
Salina, Topeka, and Wichita. The terminal elevator performs four basic
functions a) storage of grain in excess of local elevator capacities, b)
merchandising of grain to final markets, c) blending of wheat to meet grade
specifications, and d) assembly of grain for domestic and foreign buyers.

As of April 1, 1977, off-farm storage capacity in Kansas was estimated
at 780 million bushels (Table 4). Kansas ranks first in total off-farm

storage capacity among wheat producing states in the Midwest (Table 5).

Transportation

Farm products depend upon transportation for the creation or pres-
ervation of their value. The concept of place utility - the value added
to goods by moving them from areas of surplus production to areas of def-
icit production - constitutes a major influence on the selling price of
the product.

Agriculture in Kansas depends primarily om two modes of tramsportation.
Grain trucks, used primarily during wheat harvest for short to medium length

hauls or where special handling is necessary, range in size from pickups to



Table 4 —-—Kansas Off-Farm Storage Capacity

District Total Capacity

1,000 Bushels

Northwest 41,025
West Central ‘ 51,238
Southwest 101,530
North Central 52,127
Central 118,718
South Central 194,012
Northeast 100,909
East Central _ 92,837
Southeast 27,604
STATE 780,000
Source: Kansas Crop and Livestock Reporting Service, Grain and Capacity

Report, April 1, 1977.



Table

5 —Capacities of 0ff-Farm Grain Storage by States

15

South North
Year Oklahoma Kansas Texas Nebraska Dakota Dakota
1,000 Bushels

1965 236,000 849,000 905,000 491,000 84,600 141,000
1966 234,000 845,300 916,000 487,000 86,000 144,000
1967 222,000 815,000 913,000 484,000 84,800 145,150
1968 198,400 760,000 881,300 - 466,100 84,800 145,700
1969 186,810 755,000 844,000 477,500 83,950 142,250
1970 187,570 767,000 845,000 477,630 82,880 139,000
1971 189,050 786,000 809,640 458,140 84,170 141,080
1972 184,880 781,000 781,470 458,840 83,830 142,530
1973 187,640 780,000 773,570 456,060 83,960 144,630
1974 191,790 782,000 719,040 452,660 83,440 144,550
1975 190,200 780,000 752,020 453,560 83,280 141,200
Source: Grain Stocks, Crop Reporting Board, SRS, USDA, Washington, D.C.,

Various issues, 1963 - 1975.
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semi-tractor trailer trucks. A 1974 survey (2) was conducted on the char-
acteristics of the grain trucks used in delivering grain in South Dakota
from the farm to local elevators; stratifying the findings according to
age, size, and annual mileage. The summary of the survey is shown in
Tables 6 and 7, where the average load in bushels for the 1.5 ton, 2.0
ton, and 2.5 ton truck is assumed to be 200, 250, and 300 bushels respec-
tively.

Railroads are involved in the long distance movement of non-perishable
commodities of large volume and relatively low value where cost of trans-
portation is important. In a 1974 study (3) of wheat shipments in Kansas
88.2% of all wheat from local elevators was shipped by rail. Four major
railroads serving Kansas a) Atchison, Topeka & Santa Fe, b) Missouri Pac-
ific, c) Chicago, Rock Island & Pacific, and d) Union Pacific; accounted
for 92% of all wheat transported by rail during the 1572-73 grain marketing
year.

The Bailroads industry's ability to perform its transportation func-
tion is influenced by six factors:

1. The number of freight cars in service. There were 1,699,027 freight
cars in railroad service at the close of 1976, according to the Associa-
tion of American Railrocad's (AAR) Car Service Division. The number of
cars declined from 1,822,381 in 1967 to the present 1,699,027, The de-
cline has been attributed, in part, to heavy retirement of cars from re-
organization of railroads (Table 8).

2. Types of freight equipment. Agriculture relies on the use of box cars
and covered hopper cars for grain movement. Only in times of severe car
shortages, such as during 1972, are other types of freight cars brought

into service for the shipping of grain. The number of box cars and



Table 6——Sample of Farm Trucks in South Dakota Stratified by Size

and Age, 1974

Number
Year of Trucks

Number

Year of Trucks

Number
Year of Trucks

1% ton Trucks 2 ton Trucks
1941 1 1948 1
1942 1 1949 4
1944 1 1950 1
1946 2 21951 3
1947 4 1954 2
1948 2 1955 2
1949 2 1956 1
1950 5 1957 4
1951 4 1958 4
1952 1 1959 7
1953 2 1960 5)
1955 3 1961 8
1957 1 1962 4
1958 3 1963 b
1959 4 1964 4
1960 2 1965 4
1962 1 1966 5
1963 1 1967 2
1968 6
n = 41 1969 3
1970 2
¥ = 1953 1971 3
1972 7
1973 3
1974 6
n = 95
vy = 1963
Source: Payne W. F., Baumel P. C., and Moser D.

Costs for Grain

and

tion, April, 1977.

n= number of trucks in sample
y= average model year of trucks in sample

2% ton Trucks

1952
1955
1957
1959
1961
1963
1964
1965
1967
1968
1969
1974

MNHEHRERDRDEND RN

18
1963

n
y

"Estimating Truck Transport

Fertilizer." Unpublished NCR research publica-
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Table 7-—Sample of Farm Trucks in South Dakota Stratified by Size
and Annual Mileage, 1974

Annual Number Annual Number Annual Number
Mileage of Trucks Mileage of Trucks Mileage of Trucks
1% ton Trucks 2 ton Trucks 2} ton Trucks
200 1 100 1 1,000 1
250 1 150 1 2,000 2
306 2 200 3 2,500 1
400 1 250 2 3,000 2
500 6 400 1 4,000 2
600 1 500 5 5,000 2
1,000 8 1,000 4 6,000 3
1,200 2 1,200 2 7,000 1
1,500 1 1,500 1 10,000 4
2,000 6 1,800 1
2,500 1 2,000 13 n=18
3,000 2 2,200 1
4,000 3 2,500 4 #m = 5,361
5,000 3 3,000 12
5,500 1 3,500 3
10,000 1 4,000 12
15,000 1 4,600 1
5,000 4
n = 41 6,000 8
7,000 1
Zm = 2,310 7,500 i
8,000 5
9,000 1
10,000 5
13,000 1
15,000 1
16,000 1
n =95
am = 3,966
Source: DPayne W. F., Baumel P. C., and Moser D. "Estimating Truck Tramsport
Costs for Grain and Fertilizer." Unpublished NCR research publica-

tion, April, 1977.

n= number of trucks in sample

am= average annual mileage of trucks in sample



Table 8-- Number of Freight Cars in Service
Car
companies
Class I Other and

Dec 31. Total railroads railroads shippers
1929 2,610,662 2,277,505 46,178 286,979
1939 1,961,705 1,650,031 30,488 281,186
1944 2,067,948 1,769,578 27,434 270,936
1947 2,025,008 1,734,239 25,519 265,250
1951 2,046,600 1,752,430 25,448 268,722
1955 1,996,443 1,698,814 24,933 272,696
1961 1,905,268 1,604,241 31,101 269,926
1962 1,850,688 1,550,067 31,146 269,475
1963 1,814,193 1,512,306 30,150 271,737
1964 ©1,796,264 1,488,385 29,179 278,700
1965 1,800,662 1,478,005 37,164 285,493
1966 1,826,499 1,488,115 35,626 302,758
1967 1,822,381 1,477,166 33,797 311,418
1968 1,800,375 1,453,883 30,688 315,804
1969 1,791,736 1,434,824 29,373 327,539
1970 1,784,181 1,423,921 29,787 330,473
1971 1,762,135 1,422,411 27,291 312,433
1972 1,716,937 1,410,568 22,749 283,620
1973 1,710,659 1,395,105 23,114 292,440
1974 1,720,573 1,375,265 25,977 319,331
1975 1,723,605 1,359,459 29,407 334,739
1976 1,699,027 1,331,705 34,452 332,870
Source: Yearbook of Railroad Facts, 1977 edition. Association of

American Railroads.



covered hoppers is important, as are the changes in numbers of each type.
The number of box cars has decreased from 534,494 in 1971 tc 473,953 in
1976, a change of 60,541 cars in 5 years; while the number of covered
hopper cars has increased to 230,069 in 1976, an increase of 27% during
the same time period (Table 9). There is a shifting preference towards
the use of covered hopper cars due to their larger load capacity and

ease of loading and/cr unloading.

3. Avefage freight car capacity. Annual increases in average carrying
capacity of railroad freight cars, a steady trend since record-keeping
began, have been significant in recent years. In 1976 the average car
capacity had increased to 73.5 ton, compared to 63.4 ton in 1967. New
cars installed in 1976 have an average capacity of 92 ton, compared with
a 65 ton average for cars retired (Table 10). Total capacity of box cars
plus covered hopper cars increased from 43.4 million tons to 51.7 million
tons from 1967 - 1977.

4. Average freight train load. Improvements in car equipment design and
more powerful engines have allowed increases in the average freight train
load (net ton-miles per train mile); average tonnage carried having in-
creased 13.3% during the period from 1966 - 1976. The average freight
train in 1976 carried 1,943 tons of freight (Table 11).

5. Utilization of the freight car fleet. How the present car fleet is
utilized is the predominant factor in determining the volume of graim
which can be moved within a time period. Table 12 summarizes the results
of 2 1962 - 1967 USDA study (4) where it is estimated that freight cars
are moving only 8.6% of the time; while 73.3% of the time is spent either

unallocated or in switching activity.
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Table 9-- Types of Freight Equipment

Car
companies

Class I Other and
Type Total railroads railroads shippers

Box cars:

Plain 321,480 304,910 9,068 7,502
Equipped 173,679 170,179 2,621 879
Covered hoppers 228,265 156,850 1,386 70,029
Flat cars 141,316 98,320 778 42,218
Refrigerator cars 100,815 70,434 2,618 27,763
Stock cars 4,423 4,341 = 82
Gondola cars 186,773 176,408 4,923 5,442
Hopper cars 363,186 346,413 6,720 10,053
Tank cars 170,876 2,951 18 167,907
Other freight cars 32,792 28,653 1,275 2,864
Total 1,723,605 1,359,459 29,407 334,739

Source: Yearbook of Railroad Facts, 1977 edition.

American Railroads.

Association of



Table 10 -—— Average Freight Car Capacity

Year Tons Year Tons
1929 46,3 1965 59.7
1939 49,7 1966 6l.4
1944 50.8 1967 63.4
1947 51.5 1968 64.3
1951 52.9 1969 65.8
1955 53.7 1970 67.1
1960 55.4 1971 68.4
1961 55.7 1972 69.6
1962 56.3 1973 70.5
1963 56.8 1974 71.6
1964 58.3 1975 72.9

1976 Est. 73.5

Source: Yearbook of Railroad Facts, 1977 edition. Association of
American Railroads.
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Table 11— Average Freight Train Load

23

United Eastern Southern Western

States District District District

‘ -Tons-
1929 804 981 622 702
1939 306 1,043 613 - 679
1944 1,124 1,326 878 1,050
1947 1,131 1,353 910 1,033
1951 1,283 1,466 1,108 1,201
1955 1,359 1,488 1,342 1,264
1961 1,495 1,613 1,545 1,400
1962 1,544 1,669 1,608 1,440
1963 1,590 1,722 1,640 1,486
1964 1,618 1,747 1,690 1,509
1965 1,685 1,821 1,812 1,555
1966 1,715 1,878 1,873 1,567
1967 1,740 1,939 1,905 1,566
1968 1,768 1,972 1,874 1,614
1969 1,804 1,994 1,951 1,649
1970 1,820 1,981 1,881 1,703
1971 1,751 1,797 1,829 1,697
1972 1,774 1,823 1,867 1,716
1973 1,844 1,892 1,955 1,784
1974 1,875 1,992 1,954 1,790
1975 1,938 2,011 1,994 1,883
1976 1,943 2,016 1,963 1,901

Source:  Yearbook of Railroad Facts, 1977 edition. Association of

American Railroads.



Table 12— Average Annual Car-Day Activity, All Cars in Service, 1962-67
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Million
Activity Car-Day per Year % of total
Switching 240.2 34.7
" Loading & unloading 125.2 18.1
Running service 59.7 8.6
Unallocated car-day and repairs 267.1 38.6
Total 692.2% 100.0%

*
The number of freight car-days is equal to the total numbers of
freight cars multiplied by the number of days in ome year.

Source: USDA Economic Research Service, Marketing Research Report No.
"The Freight Car Supply Problem and Car Rental Policies,"

April, 1972.
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The AAR estimates that the average serviceable car in 1976 spent
about 127 of its time in road trains, loaded or empty; this compares
with 11Z in 1970 (5). Improvements are being made in the utilization
of the car fleet, however there is room for additional improvement.

6. Average daily freight car mileage and speed. Average daily freight
car mileage in 1976 was 56.9 miles per car on line, with an average speed
of 20 miles per hour (Table 13). This compares with an average daily
freight car mileage of 54.6 in 1970 and an average speed of 20.4 miles

per hour.



