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Research Review

Global Modeling After Its First Decade
By Donella H. Meadows*

e e ]

Global models are computer models that address social
problems of global scope To date, seven global models
have been constructed by different groups of people 1n dif-
ferent countries who ask different questions and use dif-
ferent methods

Among the social problems addressed by these models are
the following resource depletion, poverty and hunger,
1nequities 1n 1nternational trade, environmental degrada-
tion, and rapid population growth

Among the methods used are the following simultaneous
econometric equations, simulation, optimization, input-
—. output, and systems dynam:ics

Not surprisingly, global modelers at the Sixth Global
Modeling Gonference of the International Institute of Ap-
plied Systems' Analysis found themselves in fundamental
disagreement over several points Here are some of the
most important ones

1 Should models be built to answer a single, well-
defined problem or to represent many aspects of
a system and serve diverse purposes?
2 Should models be made 1n direct response to
pressing 1ssues of public poliey or should'the goal
be general improvement in understanding?
Should models be normative or descriptive?
How far mto the future can one see with a model?
5 What 1s the best method to use for global
modeling?
Should models be large or small?
7 Should the procedure for developing the model be
top down or bottom up?
8 What should be done when data about a crucial
system relation are not available?
9 How should actors, technolegy, prices, population,
and other factors be represented?
10 How should a model be tested?
11 What 1s the appropriate audience for global
modeling? When and how should results be com
municated to this audience?

=
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Despite these differences, one can draw from the seven
global models some common, general messages both about

*The author 1s an associate professor for Environmental
Studies at Dartmouth College This 1s a summary of her February
26, 1981, presentation for the Professional Lecture Series spon-
sored by the Economics and Statistics Service It 1s excerpted
from a forthcoming book, Groping in the Dark, edited by % H
Meadows, J Richardson, and G gruckmann, to be published by
John Wiley and Sons

the modehing process and about the state of the world and
its future The fact that global modelers with such dis-
parate backgrounds can agree on anything 1s noteworthy
The areas of methodological agreement are the following

1 It is better to state your biases, insofar as you
are able, than to pretend you don't have any
2 Computer models of social systems should not be
expected to produce precise predictions
3 Inexact, qualitative understanding can be derived
from computer models and can be useful
4 Methods should be selected to fit problems (or
systems), problems should not be distorted-to fit
methods
5 The most important forces shaping the future are
social and political, and these forces are thus far
the least well represented in the models
6 In long-term global meodels, environmental and
resource considerations have been too much
1gnored
7 Models should be tested much more thoroughly —
for agreement with the real world, for sensitivity
to uncertainties, and over the full range of pos-
sible policies
8 A substantial fraction of modeling resources
should go to documentation
9 Part of the mode] documentation should be so
technically complete that any other modeling
group can run and explore the model and duph
cate all the published results
10 Part of the documentation should be so clear and
free from jargon that a nontechnical audience can
understand all the model's assumptions and how
these assumptions lead to the model’s conclusions
Modelers should identify their data sources
clearly and share their data as much as possible
12 Model users, if there are any clearly identifiable
ones, should be nvolved 1n the modelhing process
as directly and frequently as possible
13 An international clearinghouse for presenting,
storing, comparing, criticizing, and pubhishing
global models 1s necessary

11

The most impertant points of agreement on the state of
the world and iLs posstble future are the following

1 There 13 no known physical or techmecal reason
why basic needs cannot be supphed for all the
world's people 1n the foreseeable future These
needs are not being met now because of social
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and political struetures, values, norms, and world
views, not because of absolute physical scarcities
Population and physical (material) eapital cannot
grow forever on a finite planet

There 1s no rehable and complete information
about the degree to which the earth’s physical
environment can absorb and meet the needs of
further growth in population and capital There 1s
a great deal of partial information, which opti-
musts read optimistically and pessimists read
pessimistically

Continuing “business-as-usual” policies through
the next few decades will not lead to a desirable
future —or even to meeting basic human needs, 1t
will result in an inereasing gap between the rich
and the poor, problems with resource availability
and environmental destruction, and worsening
economic conditions for most people

Because of these difficulties, the continuation of
current trends 15 not a hikely future course Over
the next three decades, the weorld's socioeconomie
system will be in a period of transition to some
state that will be, not only quantitatively, but
also qualitatively, different from the present

The exact nature of this future state, and
whether 1t will be better or worse than the
present, 1s not predetermined, but 1s a function of
decisions and changes being made now

Because of the momentum 1n the world’s physical
and social processes, policy changes made soon
are likely to have more impact with less effort
than the same set of changes made later By the
time a problem 1s obvious to everyone, 1t 13 often
too late to solve 1t

Although technical changes are expected and
needed, no set of purely technical changes tested
1 any of the models was sufficient 1n itself to
bring about a desirable future Restrueturing
social, economic, and political systems was much
more eifective

The 1nterdependencies among peoples and nations
over time and space are greater than commonly
imagined Actions taken at one time and in one
area of the globe have far reaching consequences
that are impossible to predict intuitively and
probably also impossible to predict {totally, pre
wusely, or maybe at all) with computer models
Because of these interdependenctes, singte, simple
measures intended to reach narrowly defined
goals are likely to be counterproductive Decisions
should be made within the broadest possible con
text —across space, tume, and areas of knowledge

11 Cooperative approaches to achieving individual or
national goals often turn out to be more beneficial
in the long run to all parties than do competitive
approaches

12 Many plans, programs, and agreements, particu-
larly complex international ones, are based on
assumptions about the world that are either mutu-
ally inconsistent or inconsistent with physical
reality Much time and effort 1s spent designing
and debating pohicies that are, in fact, impossible

Surely, one reason for the extensive areas of agreement
on procedures and findings 1s the robustness of the conclu-
sions We tend to arrive at the same answer no matter
what direction we take But there 1s another possible and
worrisome reason Numerous assumptions underlying all
the models are seldom questioned and are held as an act
of faith Among the assumptions that regularly appear in
global models are the following

1 Technology 1s a crucial factor 1n global development

2 The poor nations of the world are developing in
the same pattern as the Western industrialized
nations, but after a time lag

3 Political leaders are above the global system, out
side 1t, making the 1mportant deeisions affecting
it, and not affected by it

4 The most important phenomena 1n the world are
economic and can be described in terms of mone-
tary units

5 Nation-states are the basic actors in the world,
and they interrelate primarily through flows of
commodities and money

6 A good indicator of the welfare of a population 1s
the annual flow of market-exchanged goods and
services (measured by monetary value) produced
by that population

7 The questions that interest political leaders are
indeed the eritical questions that need to be
answered

8 The questions that interest pohitical leaders are
narrow and self-serving and not the important
ones at all

Perhaps all these statements are true —or none of them

15 But should any of them be accepted unquestioningly

as the basis for our global modeis? Assumptions like these
are conceptual walls and interfere with our seeing the
world as 1t really 15 Modelers must feel free to put for-
ward creative new hypotheses even if they aifront conven-
tional wisdom




Monthly Food Price Forecasts

By Paul C. Westcott*

Retail food prices in the seventies rose at an 8 (-percent
annual rate, or 1 2 percentage points faster than nonfood
prices Double-digit increases 1n retail food prices occurred
n 4 of the past 10 years These developments have spurred
publie interest in food prices and in the factors which
cause them to change

My purpose here 1s to discuss a two-equation linear model
that was developed to make monthly food price forecasts
The model provides estimates of price movements of the
two major food price components of the CPI —food at
home (representing prices in grocery stores) and food
away from home (representing prices in restaurants, cafe-
terias, and fast-food estabishments)

The Model

Much empirical work using price equations has been based
on markup models Popkin suggests a form of the markup
mode! 1n which prices are examined by their stage of pro-
cessing “as an approximation to the type of study that
could be conducted 1n an mput-output framework” (7,

p 486)! In this approach the price of any product 1s repre-
sented as a function of prices for inputs used 1n 1ts produc-
tion, including prices of raw materials and costs of market-
ing The price markup from one stage of processing to the
next is also affected by excess demand variables, such as
the unemployment rate and capacity utihzation

Heten (5) uses this approach 1n a dynamic monthly model
of the food price determination process to examine the
farm-te-retail lags for 23 foods He divides the farm-to-
retail marketing process into two stages of processing—
farm-to-wholesale and wholesale-to-retail — and estimates
markup equations for each stage Helen's study illustrates
that the dynamic nature of the food marketing process 1s
mmportant 1n food price determination models In each
processing stage, changes in input prices and marketing
costs are only partly transmitted to successive stages in
the same period, with an additional time period required
for all effects to be passed through to retail

*The author is an economist with the National Economies Divi-
sion, ERS The helpful comments of R McFall Lamm, Jr, Harry
Harp, Denis Dunham and Leland Southard are gratefull
acknowledged Opinions presented here do not necessan{y reflect
those of the US Department of Agriculture (USDA)

Ttalieized numbers in parentheses refer Lo items in the refer
ences at the end of Lhis article

The model used 1n this article draws on Popkin's 1dea that
product price 1s a function of input prices, and it draws on
Helen's 1dea that the dynamic nature of the food market-
ing process 1s important The equations use distributed
lags and explain retail food prices as functions of prices
for domestic foodstuffs, prices for imported foodstuffs, and
costs of food marketing

Estimation Results and Implications

Two major components of retail food prices that interest
policymakers and the publie are prices for food 1n grocery
stores and prices for food consumed away from home
Because food prepared in restaurants 1s more highly proc-
essed than food purchased in grocery stores, the dynamic
properties of the price markup process for the two cate-
gories differ Therefore, two separate price forecasting
equations were estimated

The CPI for food at home and the CPI for food away from
home are used as dependent variables The index of prices
recerved by farmers for foodstuffs (PRF),? the Producer
Price Index (PPI) for raw sugar, and the food marketing
cost index (MCI) are independent variables PRF approxi-
mates the domestic farm value of retail food * Sugar 15 a
major imported food that 1s domestically consumed
Therefore, the model uses the PPI for raw sugar to repre-
sent prices for imported foodstufis * MCI represents the
major 1nputs used in processing, distributing, and retailing
food ° Monthly data from 1971 through 1979 with all
variables expressed as percentage changes from the previ-
ous month were used to estimate each equation The 12
months of 1980 were saved for beyond-sample vahdation

2The PRF index 18 an aggregate of 37 [arm-level commodity
prices It is similar to the index of prices received by farmers for
all farm commodities, but nenfood items have been removed For
example, cotton and tobacco prices (which are included in the
%rlce index for all farm products) are not included 1n the PRF

he remaiming foodstuffs components are aggregated by use of
new relative weights derived from appropriate adjustment of the
onginal set of wetghts This index and the weights used 1n its
construction are discussed in (10)

3The PRF index 1s used rather than USDA’s farm value of the
market basket data because it 13 pubhished earher Therefore,
retail food price forecasts can be provided to policymakers and
the public almost 1 month 1n advance of the release of the CPI

4Coffee prices were 1nitially mcluded, but they did not add sig-
nificantly to the model 1n the estimation stage

he food marketing cost index 13 a price measure representing

40 mag_lor inputs used in processing, distributing, and retailing
food For a further discussion, see {S)
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In the food-at-home equation, two binary variables, C, and
C,, were included for August and September 1973 —
months at the end of the Nixon administration’s price
freeze Large price changes for food at home occurred in
these months {a 7 4-percent 1ncrease 1n August and a

1 4-percent decrease 1n September), caused largely by
policy considerations outside normal food marketing
operations ® C, 1s equal to 1 for August 1973, and to zero
otherwise C,1s equal to 1 for September 1973, and to
zero otherwise Monthly dummy varables (D,} were also
included to represent seasonal effects D, equals 1 1n the
1ith month of each year, and zero elsewhere The equation
was fit by ordinary least squares

For the away-from-home equation, polynomal distributed
lags were estimated from the generalized Almon proce-
dure which uses the Lagrangian interpolation formula to
estimate the polynomal function The lag lengths used
were 6 months on PRF and 4 months on MCI Because sig-
nificant autocorrelation was present in the 1nitial estimate
(the Durbin-Watson statistie 1s 0 91), the Cochrane-Orcutt
autocorrelation adjustment procedure was used

The estimated equations for food at home (1) and food
away from home (2) are as follows

— 188 + O048F, + 14TF, ; + 061 F,_,

(127) (023)  (023) (016)
+ B510M, + 0128, + 5897C, — 4448 C,
(129)  {005) (765) ( 825)

+ 385D, + 666D, + 865Dg + 427D; + 750 Dy,
(238) (2190 (211)  (209)  (215)

R2- 756 d=177 Ef = 256 f = 1048 (1)
043 + 001F, + 019F, , + 028F,_,
(108) (005  (004) { 005}
+ 029F,_;+ 025F,_, + 018F,
(005) ( 005) { 004)
+ O008F,_ g+ 191M, + 163 M, _,
(003) (038) { 040}
+ 146 Mt_z + 1256 ML-S + 082 Mt—‘l
{035) (036) (036)

R2= 710 o= 566 Lf = 120 f = 8131
Im, = 707 m = 1.639 (2)

1

%Price ceilings on pork ended 1n July 1973, resulting in sharp
hog and pork price increases 1n August “The announcement in
Jufy that beef price ceilings would %e lifted in September and the
observed jump in hog prices when cetlings were lifted on pork
encouraged cattle feeders to hold back catiie nearing market
weights for expected higher prices in September” (11, p §) This
not only pushed up meat prices in August, but also caused large
cattle marketings and a price declhine in September

28

where
F = PRF, or prices received by farmers for domestic
foodstufis,
M = MCI, or food marketing cost index,
S = Producer Price Index for raw sugar,
C = Dummy variables, end of price freeze, 1973, and
D = Seasonal dummy variables

The standard errors are shown in parentheses, d 1s the
Durbin-Watson statistie, p 15 the autocorrelation adjust-
ment parameter, Lf, 1s the sum of the farm value lag coef-
ficients, f 18 the mean farm value lag (in months), Em, 1s
the sum of the marketing cost lag coefficients, m 13 the
mean marketing cost lag {in months) The subscripts of F,
M, and S denote time periods

Ustng Theil's explanatory set reduction strategy (9), I
omitted insigmficant variables from the final specification
Most of the sugar price variables were not statistically
significant and were dropped from the equations Only the
current sugar price 1n the food-at-home equation was
included All lagged marketing cost variables were
dropped from the food-at-home equation, as were six of
the monthly dummy variables All dummy variables were
omitted from the food-away-from-home equation

Most of the estimated structural parameters are of the ex-
pected sign (positive), and most of the estimates are statis
tically sigmficant The negative constant term in the food-
at-home equation 1s not statistically different from zero

The signs on the binary variables in the food at-home
equation are as expected The price-freeze dummy varr
ables reflect events 1n the hvestock sector at that time
{see fn 6} The positive sign on the December dummy vari-
able reflects increased holiday demand Simularly, the esti-
mated coefficients on the June and July dummy variables
probably reflect increased demand for food at home for
summer barbeques and picnies 7 The signs on the January
and February dummy variables probably reflect seasonal
supply disruptions due to weather

The difference between the two equations regarding price
transmssion lags for PRF 1s interesting For food at
home, the largest impact 1s in the first lag period, with
smaller impacts in the preceding and following months
(see figure) The mean lag 1s 1 048 months, indicating that
price changes for foodstuffs are passed through to retail
prices quickly, averaging about 1 month

"Dummy variables for November and August were not statis
tically significant Because the CPI survey throughout most of the
estimation period was conducted during the hirst week of each
month, retail food prices in the November CPI probably did not
reflect tncreased holiday demand The shift of some demand to the
away-from-home market in August—when many people take vaca-
tions— probably offset higher summer demand [or food at home
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For food away from home, the impacts increase each
month through the third lagged period, before dimimishing
through the sixth lagged month The mean lag 15 3 131
months, indicating a slower retail price response to price
changes for foodstuffs than in the at-home market The
coefficient on current PRF 1n the food-away-from-home
equation 18 not statistically different from zero, implying a
lag before any effects of domestic foodstuff price changes
are reflected in food-away from-home prices These results
are hikely caused by delays in menu pricing adjustments
and by future contraecting for food supplies in that market

Changes 1n'food marketing costs also affect retail prices
faster in the at-home market In the food-at-home equa-
tion, only current marketing costs are statistically signifi-
cant, indicating:that the pass through to retail generally
oceurs 1n the same month In the food-away-from-home
equation, the largest impact 1s 1n the current period with
smaller effects occurring through the fourth lagged
month The mean lag of 1 639 months again indicates a
slower retail price response to changes in marketing costs

The role of farm value changes and of marketing cost
changes 1s another important result The sum of the lag
coefficients of PRF 1n the at-home equation, an estimate of
the longrun effect of 2 1 0 percent change 1n prices for
foodstuffs, 1s 0 256, whereas in the away-from-home equa-
tion the sum 15 0 129 This implies that foodstuff price
changes are more important to the at-home market than
to the away-from-home market Conversely, marketing

cost changes play a larger role in the away-from-home
market, reflecting the larger amount of processing
required The marketing cost coefficient 1n the at-home
equation 1s 0 510, whereas the sum of lagged marketing
cost coefficients in the away-from-home equation 15 0 707

Validation

To validate the model, I performed a determimstic simula-
tion of the model to generate estimated time series for
the endogenous variables I compared these to the actual
endogenous values and calculated summary validation
statistics For both equations, I made within-sample
{1971-79) and beyond sample (1980) comparisons Because
the exogenous data are avatlable prior {o the release of
the CPI and because this model 1s primarily intended for
forecasts 1 month ahead, I used actual exogenous data in
all simulations

The table shows summary validation statistics for both
the within-sample and beyond-sample sirnulations The
food-away-from-home equation performs very well as a
forecasting tool The Theil mnequalty coefficients are well
below unity and the mean absolute errors are relatively
small However, a less satisfactory performance 1s indi-
cated for the food-at-home equation Although the Theil
inequality coeffictents are well below unity, the mean
absolute errors are relatively large

Summary vahdation statistics

Within sample Beyend sample
Consumer Priee Mean Theil Mean Thel
Index category absolute | mmequahty |, absolute | inequality
error coeificient error coelficient
Food at home 040 042 040 03
Food away
from home 14 24 14 22

These results are a consequence of the larger vanation in
food-at-home prices, reflecting the structures of each mar-
ket regarding both its lag pattern and.the relative tmpor
tance of prices for foodstuffs and marketing costs Prices
for foodstuffs are more volatile than are food marketing
costs, largely because of the seasonal nature of agricul-
tural produetion and the weather’s important role 1n
determining supphes As prices for foodstulfs are more
important 1n determining at home prices, prices in grocery
stores reflect this variation more than away-from-home
prices Furthermore, the longer lag.structure in the away-
from-home market distributes changes 1n prices of food-
stuffs over more months, thereby reducing the volatihity
of impacts at the retail level
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Conclusions

I have estimated a distributed lag mode! with equations
for the CPI for food at home and for food away from home
to forecast the two major aggregate components of the
food CPI Validation statistics from simulations for the
within-sample period and for a 12-month beyond-sample
period indicate that reasonably good forecasts 1 month
ahead can be made for the food-away-from home CFPI, with
less satisfactory forecasts obtained for the more volatile
food-at-home CPI

The model estimates are consistent with U S Department
of Agriculture marketing bill data, which indicate agricul-
tural commodity price changes are a larger part of the
price determination process in the at-home market than in
the away-from-home market The estimated coefficients of
prices for foodstuifs and prices for marketing costs also
mdicate that the price transmission lags characterizing
the pricing of foods 1n grocery stores are shorter than
those depicting price changes for food away from home

The Economic Research Service (ERS) makes monthly
forecasts of retail food prices. The two equations dis-
cussed here draw on exogenous data on prices for domes-
tic and imported foodstuffs and on marketing costs that
are available at the time the price forecasts are needed
These equations have proven useful in meeting the
demands on ERS for shortrun food price forecasts
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Many people who observe day to-day prices in commodity
markets believe that prices follow certain patterns of
movement, or that their fluctuations can be traced to
various causal factors An aitempt to discover such pat-
terns was unsuceessful Because the problem 19 important,

the negative findings are set forth
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Costs of Marketing Slaughter Cattle:

Computerized versus Conventional Auction Systems

By Steven T. Buccola and Alice M. Chieruzzi*

ﬁ

Geographical dispersion of beef and dairy farms in the
United States impedes not only the rapid dissemination of
cattle price information, and hence cattle pricing effi
ciency, but-also the technological efficiency of cattle trans-
actions Electronically operated markets, employing con
ference call telephone, teletype, or computer, can increase
the technological efficiency of cattle markets by elimi-
nating the need for the physical proximity of buyer and
seller Although under such arrangements cattle buyers
cannot visually inspect ammals before purchase, 1t has
become increastngly clear that they can rely on written
descriptions of cattle to adequately determine their value
Remiote purchases ehmnate the buyers' expense of send-
ing representatives to each purchase pomnt Thus, buyer
procurement costs may be reduced, thereby increasing the
number of buyers willing to bid on cattle at each locality

The extent to which an electronic exchange reduces mar-
keting costs 1s an empirical question In this article, we
summarize a study 1n which the simulated costs of oper
ating & computerized livestock auction market i Virginia
were compared with the costs of the eurrent, conventional
auction arrangement (1) The analysis was part of a pro}-
ect to set up a computer-based hivestock auction system

Computerized Sales Procedures

Computerized sales of slaughter cows and lambs began 1n
Virginia 1n.mid-1980 (7) Although the volume of these
sales 1s a small fraction of total State and regional market-
Ings, participation 1s expected to increase as the industry
becomes famihar with the new concept Auctions are con-
ducted by a nonprofit organization, the Eastern Electrone
Marketing Association (EEMA), through time-shared access
to commercial computer facilities Livestock are assembled,
weighed, and graded at participating auction markets,
then descriptions of consignments are phoned to EEMA
headquarters or entered on a portable terminal at the
market Prior to a sale, buyers log en at terminals 1n their

*Buccola 15 an assistant professor, Department of Agricultural
and Resource Economues, Oregon State University, and Chieruzzi
was formerly a research assistant, Department of Agricultural
Economics, Virgima Polytechnie Institute and State Umiversity
The study was conducted when the authors were resident al
Virgima Tech It was part of the project, “Establishing a Cen
tralized Electromic Marketing System for Cattle,” financed by the
Agricultural Marketing Service, U S Department of Agriculture
Thanks are due to Wayne Purcell and Jim Bell, who were the
principal investigators of the project at Virginia Tech, and to
Jim Russell

Htalicized numbers tn parenLheses refer to items in the refer-
ences at the end of this article

packing plants and recewve printed descriptions of avail-
able hivestock

Unlike electronic hog sales in Canada, which employ
Dutch auctions, EEMA auections follow Enghsh ‘{ascending)
bids Bidding for a particular lot 15 initiated when an
EEMA representative enters an asking price at a central
terminal At preset mtervals, buyers receive a display of
the current high bid and the number of seconds left 1n
which to raise that bid Only the high bidder knows who
has the high bid The bid 1s raised a preset increment
when a prospective buyer pushes a key on the terminal A
transaction 15 terminated when no buyer has raised the
current high bid in the.alloted time Summary information
1s then printed at buyer terminals indicating the descrip-
tion, price, and market location of the ammals Buyers are
responsible for arranging the transportation of these
ammals to their plant

We develop here the general structure of costs associated
with time shared computerized auction sales, we then com-
pare these costs, given alternative assumptions, with
those of conventional sales Our characterization of
handling and transportation costs speeifically applies to
slaughter cattle and to Virginia,.although the general
methods and conclusions would probably also apply to
other commodities and to other States

Cost Structures

Variable costs of computerized auction sales are those
that vary with the number of lots offered per week The
major variable costs of a time-shared computerized sale
are those assoclated with entering and obtaining descrip-
tions of lots and with conducting an auction Each requires
computer connect time, line printing, the user's own time,
and computer processor usage 2 Fixed costs include ter-
mma! depreciation and EEMA office and management
costs The table lists 17 components of cost used in the
analysis, together with their 1980 values

Entering Lot Descriptions
at Market and EEMA Terminals

It takes approximately 1 2 mnutes for -each auction
market or EEMA terminal operator to log on and off the

2Some computer time-sharing enterprises charge separately for
the number of lines printed We included these charges in the
connect time charge
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system each day, so that a total of 1 2 8_MK minutes are
required for this purpose each week It also takes an
average of 23 minutes to enter information on each lot
offered for sale Thus, the total weekly costs of computer
connect time (CC,;) associated with lot entry are

CC,., = (128, MK + 23A JA[C,, (1)

and the corresponding, cost of entry operator labor 1s

CC, 8W,/C, Furthermore, it requires approximately 40
units of processor resource usage {SRU's), representing
core use, I'0 operations, and processor time, to enter each
lot at each termunal ® Total weekly cost (PC,;) of processor
usage for lot entry 1s thus

PC, = (4AJA[)C, @)
Obtaining Lot Descriptions at Buyers’ Terminals

It 1s assumed that buyers first request a short description
of all lots offered that includes information on the size,
average weight, average quality grade, and'location of
each lot They then request longer descriptions, meluding
weight and grade ranges and weighing conditions, of the
L; 4 number of lots that interest them It takes an average
of 2 08 minutes to log on and off and to wait for descrip-
tions Each short description requires an average of 0 08
minute, and each long description, 0 60 minute Hence,
weekly costs of computer connect time (CC,) to obtain
descriptions are

CCy = [(208 + 060 Ly 4)BT,S,, + 006BT,{A /ALIC,,
(3)

and the associated cost of terminal operator time 1s
CC,BW,/C,,

It takes an estimated 30 SRU's for each buyer to log on
and off the system, 0 65 SRU for each long lot desecription,
and 0 03 SRU for each short lot description Thus, the
weekly processor cost (PC,) for obtaining'lot descriptions
at all buyer terminals 1s

PC, = [(3 + 065L 4BT.S,, + 003BT(A /A)IC,,,
(4)

Conducting a Sale

Buyers are expecled to log off the system after obtaining
lot descriptions, then log on the system 5 minutes before a
sale Because there are M,; BT (A, /A, ) total buyer con

3The processor resource usage estimates in this article are
specific to the FORTRAN software package (which was developed
by Computer Sciences Corporation) currentiy employed by
EEMA and to the computer used (a Univac 1108)

2

nect minutes per week during sales, the total weekly com-
puter connect cost (CC,) to conduct.sales 15

CC, = [5BT,S,, + M, BT, (A /A )IC,, (5)
and the weekly cost of buyers’ time 18 CC,BW_/C_,

About 3 8 SRU's of processor usage are involved 1n a
buyer’s logging on and off, 0 091 SRU 1s consumed each
time a buyer pushes the bid key, and 0 063 SRU 1s used
each time the current high bid price 1s displayed at
buyers' terminals Thus, the weekly cost (PC,) of pro-
cessor usage during the course of a sale 1s

PC, = [38BT,S,, + (0063M,/SEC,,
+ 0091BD,,)BT{A /A )IC, . (6)

a function of the number of sales held each week, the
total connect time of all buyers, and the total number of
bids made *

Conventional Auction Sale Costs

The cost of conducting a conventional auction sale consists
of (1) the auctioneer's fee, (2) ringmen and bookkeeper
labor and facihity expenses, and (3) the cost of buyers’
time The first two represent a small cost when spread
over hormal.market volumes (5}, but the cost of buyers’
time 1s considerable Beef packers normally obtain a por-
tion of their auction market cattle through agents (order
buyers) who charge a flat rate, currently near $2 50 per
head purchased The remainder of the cattle are bought
by packers’ employees (packer buyers) The fixed weekly
cost of supporting a fulltime packer buyer in the East,
including travel expenses, 1s between $620 and $700

Transportation and Handling Costs

The costs of transporting and handling cattle for com-
puterized and conventional auction sales would not neces-
sarily differ Regardless of sales arrangements, cattie
must be shipped from farm to market, weighed, graded,
and penned, and then transported from market to plant?
For farmers located far from a market that participates in
computerized sales, farm-to-market transport costs would
generally be higher for computerized than for conven-
tional sales Total per head costs of farm-to-market haul-
ing were specified as [(FC,/365) + VC, RMIJA,, An

‘Besides these variable costs, weekly terminal ownership costs
are $4 40, weekly software storage costs are $15 53, and weekly
EEMA manager and office expenses are approximately $437 50

STransportation cost data were drawn from a random survey of
Virgima cattle producers and dairymen (6) and from studies by Nor
and Kuehn (4} and by Lin and Kuehn (3} In 1980 dollars, variable
cosis of handling were $1 26 per head and fixed costs of handhing
were $948 32 per week {weighted average of all market sizes)




average market-lo-plant rate of $0 041 per head-mile was
assumed, and variable and fixed costs of weighing, grad-
ing, sorting, and penning were derived from {5)°

Cost Results

Models of marketing costs provide a rational basis for
firms' shortrun operating policies They also serve as a
guideline for expansion/contraction plans of firms or firm
groups and, 1n the present case, suggest conditions under
which computerized auctions might be more efficient than
conventional sales

Computerized Auction Operations

As an example of an application to shortrun operating pol-
icies, thus model can be used to predict the impact of
marginal changes in operating procedures or volumes on
total computerized selling costs Such predictions can be
used as+a basis for an efficient EEMA pricing policy Costs
of compuierized auctions are responsive to the average
number of minuies required to sell a lot (M,; ), the average
number of head sold per lot {A;), and the total number of
head sold per week (A )

Summing equations (1} through {6) yields an equation for

total weekly cost (£} Successively differentiating this sum
with respect to each of the three factors and evaluating the
derivatives at parameter values listed in the table will yield

SWe obtained these figures from conversations with industry
personnel and believe Lhey are approximately correct however,
they were not derived from systematic sampling

Terms used 1n analysis of computerized auction costa

LM, = 49T/A, (7)

dL/BA, = — 16 2255/A;% 8)

aT/BA,, = -T59BLA 2 9)

Equation (7) shows that weekly operating costs per head
decrease with the time required to sell a lot, but that the
rate of decrease diminishes with increases in the average
lot size For example, 1f an average of 20 head are sold per
lot, decreasing the average time to sell a lot from 3 to 2
minutes would decrease auction costs by $0 25 per head
The cost decrease would be.$0 17 per head if an average
of 30 head were sold per lot In equation (8), the cost
economies of inereasing lot size are very large at low lot
sizes {(5-10 head), but decrease rapidly at larger lot sizes
For example, a savings of $0 16 per head 15 achieved by
increasing lot size from 10 to 11 head, but only $0 04 per
head 1s saved by increasing lot size from 20 to 21 head
Economies with respect to weekly sales volume (equation
{9)} behave simlarly

Computerized versus Conventional Costs

For purposes of designing longrun government and indus-
try policies on electronic marketing, comparing the total
costs associated with computerized and conventional cattle
marketing (neluding selling, handling, transportation, and
buyer time) 1s helpful We assume that a total of 4,400
head.of slaughter cattle can be sold 1n the State each
week, that 1n the conventional marketing system the aver-
age slaughter ammal 1s sold 1 5 times before delivery to

Term Definition | Amount
A,y Number of head per lot offered for sale 200
Ah_P Number of head hauled per farm-to-market trip 25
A, Number of head per week offered for sale 200-4200
BD,, Average number of bids per connected buyer terminai per lot 20
BT, Number of buyer terminals connected per sale 200
BW_ Imputed wage of terminal idder, in dollars per minute $0 187
C,. Cost of computer connect time, 1o dollars per minute per terminal $0 158
Cim Cost of computer processor usage, in dollars per SRU $0 38
F'Cy,. Weighted average fixed costs of farm truck ownership, in dollars per year $1,377 93
L, Average number of long lot descriptions requested per buyer per sale 100
M, Connect time for auction bidding process, 1n minutes per lot per terminal a0
MK Number of termmals at auction markets and EEMA entering lots for a single auction sale 11 0!
26 0°
RMI Average round-trip distance between farm and participating auction market, 1n mules 62 0!
26 02
5, Number of computerized auction sales held per week 50
SEC,, | Elapsed time between displays'of current high bid, 1n seconds 200
sSw Imputed wage of lot entry operator, in dollars per minute $0 083
vC,, Weighted average varable costs of farm truck use, 1n dollars per round trip mile $0 284

9 market scenario
41-market scenario

33



plant, and that 80 percent of packers’ slaughter cattle 1s
purchased by order buyers and 20 percent by packer
buyers (see in 6)

The figure compares the total per head costs of each
system as the proportion of cattle sold through comput
erized sales 15 increased and as the proportion sold
through conventional sales 1s decreased The upward-
sloping curve indicates that total marketing costs under
the conventional auction system are approximately $28 00
per head when 4,200 head per week are sold conven
tionally (200 head sold by computer), but. costs increase to
approximately $40 00 per head when only 200 head are
sold conventionally (4,200 head sold by computer) The
decreasing volume over which fixed packer buyer costs
are spread as computerized sales are substituted for con-
ventional sales 1s largely responsible for this cost 1ncrease ’

Total per head costs of the computerized marketing
system [represented by the downward sloping lines in the
figure} depend on the number of auction markets that par-
ticipate as information entry points and as handling,
weighing, and grading stations As the number of such
markets increases, costs of computer connect time and ter-
minal ownership increase, but the average distances {and
hence the per head transportation costs) from farm to
market decrease This relationship 1s shown by the down-
ward shift 1n the per head cost function as participation
increases from 9 to all 41 markets in the State The nega-
tive and approximately hyperbolic slope of each of these
functions results from the spreading of a larger volume of
cattle over such fixed auction costs as terminal ownership,
time to log on, and time to obtain long descriptions Most
costs of time-shared computerized auctions-vary with
respect to the number of head sold

The.points at which the upward-sloping line intersects
downward-sloping lines indicate volumes at which comput-
erized marketing costs equal conventional marketing costs
(see figure) The intersection point varies hitle with the
number of participating markets Total costs of marketing,
cattle are lower under the computerized system than
under the conventional system if at least 500 head per
week —that 1s, 11 percent of the State's volume —are sold
by computer Although the height of the conventional

TIf conventionally auctioned volume fell below 500 head per
week, packers would possibly ncrease the proportion of cattle
that they purchase through erder buyers and would almost cer-
tainly limui their own buyers' activities to a part-time basis In
addition, fewer sales would be held, with a view to utihzing aue-
tioneers and bookkeepers' time more elficiently These reactions
would redice the steepness of the cost 1ncrease shown at the
right end of the conventional auction ine It 1s difficult to quan
tlg' these adjustments as the precise longrun responses to reduced
conventignal purchases 1s unknown The figure represents a
shortrun situation i1n the sense that fixed costs are held constant
throughout the entire volume range
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system's cost line 1s sensitive to the assumed number of
tumes a conventionally auctioned ammal 15 resold before
slaughter —1 5 times 1n this example — voiume points at
which computerized costs begin to [all below conventional
costs in the 41-market scenario are hittle affected by the
assumed number of resales

Costs per Head of Marketing
Slaughter Cattle, Virginia, 1980

Dollars
42
Conventional
auction ‘ /
37
32|\

LY
|. L Y /
- Computenized

07 _'.‘_L‘_# auction

. ~---..-.--_..________ 9 markets

41 markets

22

of

T T

T T 1
3,500 By computer

900 By conventional
auction

T T T L
500 1,500 2,500
3,900 2,900 1,900
Head sold per week

See table for parameter assumptions

Conclusions

When all marketing costs (including handling, transporta-
tion, and buyer procurement activities as well as auction-
eering) are considered, per head costs of computerized cat-
tle sales in Virginma,are less than those of conventional
sales 1f a rmmmal volume 1s sold by computer This conclu-
sion complements arguments made by other researchers
that electronic markets encourage competition and access to
market informatien, and thus promote pricing accuracy {2)

We do not address the important 1ssue‘of the optimal, or
likely, distribution of the computerized system’s cost sav-
ings between producers and packers In the short run,
packers will hkely retain most of these savings in return
for the risks they perceive as early adopters of the new
technology In the longer run, as thewr perceived risks
diminuish, buyers will probably begin to pass on their cost
savings in the form of higher prices paid to farmers and
lower prices charged to food retailers
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Survival Strategies for Agricultural Cooperatives

Charles E. French, John C. Moore, Charles A. Kraenzle, and Kenneth F. Harling.

Ames, lowa: loawa State University Press, 1980, 278 pp., $14.25

Reviewed by Randall Torgerson*

Government, umversity, and farm leaders interested 1n
the future of agricultural cooperatives are urged to
examine Survival Strategies for Agnricultural Coopera
tives The central question 1s stated clearly 1n the last
chapter "Will U8 agricultural cooperatives survive
another decade?” The authors answer affirmatively, but
suggest that survival will depend on sell-determination —
that 1s, on cooperative members gumding their own des-
tiny The authors suggest ways cooperatives can survive
and expand in a food industry characterized by rapid
structural change and in a dynamie economic and political
environment

Research for this book began 1n 1974 In the preliminary
chapters, the authors compare the past and present pur-
poses of cooperatives by evaluating articles and bylaws
and by examimng the content of oral interviews with key
cooperative leaders and academicians They identily the
social and economie roles of cooperatives, their advan-
tages and disadvantages, and 1ssues related to their
growth They also examine the competitive environment
in marketing stages (from farm equipment suppliers to
food distributors)

The authors suggest'that cooperatives might pursue the
following three general strategies (1) further integrating
and coordinating, (2) colleetive bargaining, and (3) main-
taming and improving the open market They develop
these strategies on which their book is focused 1n part
from their extensive interviews with cooperative leaders
The authors strongly encourage stepped-up and compre-
hensive long-range planning by cooperative members to
foster these growth objectives

These three general strategies are not new to readers
familiar with cooperative growth and development How-
ever, the authors have added to these strategies, orgamza
tional and policy 1ssues They emphasize planning'initia
tives to guide future development Readers will find the
discusston on integration and coordination deficient

*The reviewer 15 the adminmistrator of the Agricultural Coop-
erative Service, US Department of Agriculture

regarding 1ts possible impact on farm strueture and
regarding the alternative organizational options of pro-
ducers However, the section on bargaining strategy 1s
well written and assesses the potential problems of the
cooperative commumty The authors recognize that
mmproving the open-market strategy may appeal to farmers’
conservative orientation, but 1t 1s "in opposition to most
changes 1n business structure and orgamzation occurring
1n recent years "

The authors allude to, but do not adequately treat, the
relationship of cooperatives to general farm organizations
and other types of group action Concermng the current
1ssue of farm structure, they are strangely silent, and they
fail to recogmize the sigmficance of departures from the
family farm system and their implication for cooperatives

The authors conclude that the following points are essen-’
tial to cooperative growth and well being Cooperatives
must (1) inerease product and financial commitment, (2}
improve marketing,as well as selling, (3) do more and
better long-range planning, {4) make greater use of multi-
cooperative orgamzations, (5} develop or improve market
information systems, and (6) expand product research and
development

The book 15 comprehensive, relevant, and timely Those
interested in the economic, social, political, and techmieal
environment faced by farm operators and their coopera-
tives will find the information extremely useful The
authors summarize numerous studies of the competitive
market environment and changing structure by the US
Department of Agriculture's Agricultural Cooperative
Service This examination of eurrent cooperative efforts in
farm inputs and first-handler level marketing activities
lays a solid foundation for an inquiry into cooperative
alternatives and future directions

Cooperative board members, managers, policymakers, and
scholars should find the reference materal on marketing
1ssues useful As a study oriented not only to survival but
also to improvement, the book should be required reading
for all farm leaders interested in the future economie well-
bewng of agriculiural cooperatives
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