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AGRICULTURAL ECONOMICS RESEARCH 
	

Vol. 20, No. 2, APRIL 1968 

A National Model of Agricultural 
Production Response 

By W. Neill Schallerl 

T HE NATIONAL ECONOMIC MODEL de-
scribed in this paper was developed by the 

Farm Production Economics Division, Economic 
Research Service. Many agricultural economists 
know of this analytical endeavor as the "FPED 
national model." The research is outlined in 
only a few published papers--none widely cir-
culated (10 11, 12)2-- and so a more complete 
and accessible report is overdue. 

The developmental research began in 1964. 
Although the resulting model is now operational, 
improvements are still being made. Therefore, 
what follows is an interim report on the meth-
odology used so far, a discussion of tests coni- 

c lleted and underway, and a summary of lessons 
arned from the research experience. 

Background 

THE PROBLEM 

The specific research mission is that of 
providing short-term quantitative estimates of 
aggregate production and resource adjustments 
under alternative prices, costs, technologies, 
resource supplies, and Government programs. 
This kind of research might be called "impact 
analysis" or "what-if" research. One can think 
of many policy questions requiring this infor-
mation: What would be the probable acreage of 
cotton next year if proposed changes are made 
in the cotton program? How would these changes 

1  Credit for the research reported in this article goes 
to a team of researchers located in Washington and at a 
number of field stations. 

2  Underscored numbers in parentheses refer to items 
in the References, p. 45. 

affect soybean production? How much will a 
proposed feed grain program cost the Govern-
ment? What will be the most likely effects of 
the program on aggregate farm income and 
resource use? 

Answers to such questions have always been 
provided by area and commodity specialists 
based on the facts and figures at their disposal. 
The specialist normally uses what might be 
called informal methods of analysis. His ability 
to draw logical inferences from available data 
and research results, and to season these with 
informed judgment, is his trademark. The 
purpose of a formal model is to help the spe-
cialist by providing a systematic way of bringing 
to bear on a research problem more quantitative 
facts and relationships than the human mind 
alone can analyze. 

It became apparent in the early 1960's that 
the Division's ability to apply formal research 
to specific policy issues needed to be amplified. 
The models then in operation were designed for 
longer term use and did not yield timely esti-
mates of probable short-run response for the 
Nation as a whole or for major producing areas 
and farm types. 

Existing research centered on two activities: 
Participation in regional adjustment studies and 
analyses of interregional competition. The re-
gional studies, in cooperation with State univer-
sities, used linear programming to quantify 
optimum adjustments on farms of different 
types. 3  

3  These cooperative studies have titles such as "An 
Economic Appraisal of Farming Adjustment Opportunities 
in the 	 Region to Meet Changing Conditions." 
The different regional projects are known popularly as 
S-42, W-54, GP-5, the Northeast dairy adjustment study, 
and the Lake States dairy adjustment study. See (16) and 
(18) for examples of published research. 
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The Division's interregional competition re-
search, in cooperation with Iowa State Univer-
sity, was concerned with the longer run question, 
How would production be allocated among re-
gions under optimum economic adjustments?4  

THE TASK FORCE 

In 1963, a Division task force set out to deter-
mine what could be done to strengthen research 
in this area.5  We first considered the possibil-
ities of modifying the existing representative 
farm research program to meet our additional 
needs. This would have involved (1) modifying 
the linear programming farm models, or sys-
tematically adjusting the solutions, so that the 
resulting estimates would more nearly repre-
sent probable short-term response; and (2) 
aggregating the results. 

One way to modify a linear programming 
model for shorter-run predictive purposes, 
discussed again later on, is to use current 
technical data and to add behavioral or flexi-
bility restraints on enterprise levels. Mighell 
and Black applied this general approach in 
their pioneering study of interregional com-
petition (8). The theory of flexibility restraints 
suggests that actual year-to-year changes in 
the past are logical data on which to base these 
upper and lower bounds (2 5 13). But because 
time series data are available for aggregates 
of farms rather than individual farms, this 
theory would be difficult to apply at the farm 
level. Similarly, there was no known way to 
systematically adjust optimum farm solutions 
to represent "probable" response. 

The problem of obtaining aggregate estimates 
from representative farm analyses appeared 
equally difficult. As several hundred of these 
farms were involved in the regional work, the 
basic question was whether it is realistic to 
try to build up national aggregate estimates 
from the farm level (1, 11, 14). 

In view of these difficulties, the task force 
turned to the possibilities of adapting existing 
interregional competition models. Here the 

4  This research project is titled "Economic Appraisal 
of Regional Adjustments in Agricultural Production and 
Resource Use to Meet Changing Demand and Technology," 
See (15) for an example of published results, 

5  Members of the task force were Walter R, Butcher, 
Chairman (now at Washington State University), Thomas F, 
Hady, John E, Lee, Jr„ and the author, 
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problems of modifying the model and obtaining 
aggregate results were less severe because. 
models were national in scope and used g 
graphic regions as units of analysis. But these 
models, by design, were concerned only with 
the longer run equilibrium adjustments between 
regions, whereas we needed also to provide 
estimates for farming situations within regions. 

In summary, the nature of our existing re-
search pointed definitely to the need for a new, 
complementary model with two essential char-
acteristics. First, the model must be aggregate 
in perspective but still retain as much micro 
detail as possible within practical limits on 
cost, time, and research manageability. Second, 
the model must incorporate technical attributes 
that will give it a much stronger predictive 
property than is found in most linear program-
ming models. 

Other techniques examined by the task force 
included a number of conventional statistical 
models and simulation. As statistical models 
analyze data on actual economic behavior, the 
resulting estimates are considered more pre-
dictive than the solutions to an optimizing 
model. However, policy questions typically re-
quire analyses of effects of production en-
vironments that differ substantially from tO 
"structure" observed in the past. 

Simulation was thought to be especially pro-
mising for our purposes. As defined by most 
economists, it too involves use of data on actual 
behavior. Simulation is more versatile than 
other statistical methods for many policy prob-
lems. However, at the time of our evaluation, 
few agricultural economists had had sufficient 
experience with simulation. 

So, we came back to programming as the 
method currently best suited to our needs. We 
did so with the idea that the model would be 
only a first step--that it would be gradually 
reshaped to incorporate more desirable prop-
erties and that other models would be developed 
over time to supplement or even replace it. 

Characteristics of the Model 

With only minor changes, the national model 
blueprint drawn up in 1964 describes the current 
framework. The model is based on the cobweb 
principle that current production depends on • 



past prices, while current prices depend upon 

orrent production (6 20, 21). 
In its simplest form, the principle is expressed 

by two equations: 

(1) Qt = f (Pt-1 ) 

(2) Pt  = f (Qt) 

Empirical applications of the cobweb principle 
almost always involve use of regression analysis 
of aggregate time series data on prices and 
production. The national model, in contrast, is 
a more elaborate cobweb model that uses re-
cursive linear programming to estimate pro-
duction (5, 13). To date we have limited our 
development and testing of the model to the 
part of the system in which production for year 
t + 1 is estimated from prices and other data 
through year t (equation 1). However, the full 
system is outlined below under "operation of 
the model." 

The current model is primarily a crop pro-
duction model. The methodology is believed to 
be less suitable for estimating livestock re-
sponse. However, livestock are included on a 
limited scale. 

• The units of analysis in the model are ag-
gregate producing units. They consists of geo-
graphic areas, many of which are further divided 
into aggregate resource situations. The latter 
unit is simply an aggregate of farms--not 
necessarily contiguous farms--having similar 
production alternatives, resource combinations, 
and other characteristics. The purpose of this 
subdivision is to strengthen area estimates, by 
recognizing major differences among farms 
within the area, and to enable us to say some-
thing about production response on major types 
of farms. 

More often than not, the firm is the unit of 
analysis in applications of linear programming. 
When an aggregate of firms is the unit, one is 
assuming that the firms are sufficiently similar 
that they will respond in a similar way to 
economic stimuli.6  One is not assuming that 

6  From a programming standpoint, if the firms meet 
certain conditions of similarity, the same programming 
solution is obtained by summing the solutions to in-
dividually programmed firms and by solving one firm 
model with right-hand-side elements equal to the sum 
of firm right-hand-sides. 

decisions for each firm are made by a hypo-
thetical master-planner. This distinction seems 
trivial, but if the latter assumption is made, an 
incorrect evaluation of results of the model 
may follow. The real issue is the extent to 
which the reliability of aggregate model results 
is reduced as the assumption of firm homo-
geneity becomes less tenable. This question is 
discussed under test results. 

METHOD OF ANALYSIS 

Each production year is treated by the model 
as a different decision problem for farmers. 
Hence a different programming problem with 
profit maximization as the objective is de-
fined for each year. Of course, a different 
problem is also specified for each resource 
situation. 

The farmer, when making plans for next year, 
knows that he cannot influence the prices he 
pays and receives, nor does he know what yields 
he will obtain. We assume that he formulates 
his expectations largely on the basis of recent 
experience. Accordingly, the price and yield 
data in the programming problem for each 
year--the data we assume to represent farmers' 
expectations--are based on data for the pre-
ceding year(s). 

The recursive programming model assumes 
that farmers want to make as much money as 
possible, but only within realistic and often very 
restrictive limits. Herein lies an important 
methodological difference between the tradi-
tional use of programming (to determine how 
resources "ought to be" allocated to maximize 
profit) and its use in the national model. 

As noted earlier, farmers are not likely to 
maximize profit even if they want to (except by 
chance) because many of the profit-determining 
variables are unknown to them when plans are 
made. Also, farmers seldom choose to respond 
exactly as the short-run economic "optimum" 
would dictate. They have interests in addition 
to immediate profit, such as longer run income 
considerations, a desire for leisure, and per-
sonal preferences for producing certain com-
modities. 

As we want to estimate farmers' most likely 
production response, the model must take these 
other economic and noneconomic forces into • 35 



account.? The technique used so far is to add 
flexibility restraints on the year-to-year change 
in the aggregate acreage of each production 
alternative specified in the model. These limits 
are expressed as percentage increases and 
decreases from the previous year's acreage. 
In programming notation, they are expressed 
as follows for a given resource situation: 

Upper bound: Xjt  < ( 1 + Tf j) X j,  

Lower bound: X jt 	( 1 - (3j)  X j,  

where X jt refers to the total solution acreage 
of crop j for year t; Xj, t_1 is the actual acreage 
in year t-1 (or our best estimate of that 
acreage); and $j and (3j  are the maximum 
allowable percentage increase and decrease, 
respectively (decimal form), from the acreage 
in the preceding year. For example, if the 
cotton acreage in year t-1 is 100,000 acres, 
and R and (3 equal 10 and 40 percent, respec-
tively, the solution acreage of cotton is re-
strained to fall between 110,000 and 60,000 
acres. 

Empirically, 0 and R (called flexibility co-
efficients) can be estimated in many ways, 
ranging from use of the average percentage 
changes in the recent past to application of a 
more comprehensive regression analysis.8  The 
basic principle followed in almost all cases is 
that acreage history measures indirectly the 
many forces that have kept the particular enter-
prise from increasing or declining at a faster 
rate. Often, however, it is desirable to adjust 
the results of the historical analysis to account 
for information about the current production 
environment (for example, a new technology, 
market competitor, or change in Government 

7  Admittedly, there are different interpretations of 
this problem. Tweeten writes that "...farmers need not 
maximize profit for the programming models to predict 
actual behavior--it is only necessary that farmers 
behave as if they were following the profit-maximizing 
norm subsumed in the programming models" (19, p.95). 

8  In addition to using time series analysis of actual 
data to estimate bounds, an analysis of the discrepancies 
between optimum and actual response might also prove 
useful. One can see that with flexibility restraints de-
rived from some kind of time series analysis, the model 
becomes a synthesis of what the profession calls 
"positive" and "normative" research. 

supply programs for the enterprise or its 
alternatives.) 

Apart from the explicit treatment of time ail 
the addition of flexibility restraints, the pro-
gramming problem for each resource situation--
the programming submodel--is quite like a 
conventional programming model applied to an 
aggregate unit. The "objective" of each sub-
model is to maximize total net returns over 
variable costs. The activities in the submodel 
are the production alternatives and other choices 
open to the unit. The restraints include crop-
land, other physical resource limitations, and 
institutional limits such as allotments. 

OPERATION OF THE MODEL 

The cobweb or recursive principle of eco-
nomic behavior fits crop agriculture better than 
any other industry. This is because of the rela-
tively large number of producing units and the 
biologically imposed time lag in the production 
of farm crops. Thus it is reasonable to assume 
that farmers will act independently when mak-
ing production plans for the period ahead and 
that aggregate acreage and price informatio 
received during the production period will n 
affect actual production as much as it often does 
in other industries. Livestock response is more 
complex. Hence the current model, as mentioned 
earlier, is primarily a crop model. 

The cobweb principle applied to crops permits 
us to analyze response sequentially--the way it 
occurs. To estimate national response 1 year 
ahead (1) almost any producing unit--from the 
single farm to a broad geographic area--can 
be analyzed as an independent part of the whole, 
and (2) we can say with relative confidence that 
the sum of independent plans will be a reason-
able estimate of aggregate output. 

When aggregate estimates are to be made for 
more than a year ahead (or if income next year 
is to be estimated), the price effects of aggre-
gate output in the first year must be taken into 
account. But this can be done as a separate step 
in the analytical sequence. 

Short-run analysis  (1 year ahead): The 1-year 
analysis is illustrated schematically in figure 1. 
In the case of each crop, the unknown variable 
estimated by the model is "planned" acreage. 
As in most models of this type, no attempt is 
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Illiade to estimate "harvested" acreage within 
the model. That is, the analysis does not ex-
plain, or take into account, changes in post-
planting practices or the effects of weather. 
Harvested acres are derived from planned 
(planted) acres using the average or expected 
differential between the two figures. 

The programming solution also includes esti-
mates of planned production, obtained by multi-
plying acreages times expected, normal, or 
assumed yields (whichever is appropriate to 
the policy problem at hand). The production so 
estimated for a given resource situation in 
year t is denoted by Qi. t in figure 1. This Qi,t  
includes a vector (or set) of production esti-
mates, one for each commodity produced by 
the unit. The summation of these outputs across 
resource situations and areas (with the addition 
of production, if any, in areas excluded from 
the model) gives us a set of national estimates, 
or 	Q 	Similarly, on the input side, the 
quantities of inputs associated with the pro-
duction estimated for a given resource situation 
are denoted by ch,t, and the national quantities 

Intermediate-run analysis (more than 1 year 
ahead): Having obtained estimates for next 
year, we can go on to subsequent years by in-
troducing product demand and input supply 
relations. These are needed to determine the 
effects of aggregate output on the product and 
factor prices farmers will expect in the sub-
sequent year. This can be done in a fairly sim-
plified way using national relations, as illu-
strated in figure 1. 

When the national estimate of production for 
a given commodity in year t is plugged into the 
demand function for that commodity, we obtain 
the market price that would be associated with 
that production. 9  This is done separately for 
each commodity. The resulting "temporary 
equilibrium" prices, as we call them, when fed 
back to each submodel--for example using 
historical price differentials--become or are 
used to derive the expected prices for year 
t+1. 

9  Stocks and other factors determining supply, in addi-
tion to production, will have to be taken into account be-
forehand. Also, the demand functions will have to show 
the effects of Government programs. 

37 



The same procedure applies in theory to the 
input side. Total inputs used in production for 
year t can be matched with input supply func-
tions to determine "temporary equilibrium" 
input prices, which are then used to determine 
expected input prices for year t+1. 

Theoretically, area product demand relations 
might be used instead of national relations. In 
this case, the programming results could be 
fed into transportation models (augmented to 
include relations instead of fixed demands). The 
results of the transportation model analysis 
would consist of area prices. 

The feedback described above involves more 
than the derivation of expected prices for year 
t+1 based on the solutions for year t. Flexibility 
and other restraints for t+1 also depend on the 
estimates for year t, as suggested by the dashed 
line in figure I. 

The input and yield data and other components 
of the system determined outside the analysis 
are then updated to year t+1 and a new round of 
computations begins, this time to estimate pro-
duction and resource use in t+ 1. Thus, the in-
termediate-run application of the model will 
generate a sequence of year-to-year estimates 
of planned acreage, production, and resource 
use. Also, given the product demand and input 
supply functions, and implied market prices, 
we obtain a rough measure of changes in farm 
income.10  

Longer-run analysis: Certain policy ques-
tions will continue to require analysis of longer-
run equilibrium adjustments in commercial 
agriculture. Public policy makers need such a 
frame of reference to measure the economic 
gains and losses associated with alternative 
courses of action and to establish policy goals. 
Thus the policy issue may require a com-
parison of equilibrium (how production would 
be allocated assuming all economic adjustments 
are made) and the most likely adjustment path. 
Rather than treat these two problems as entirely 
different research studies, a more meaningful 
comparison may be possible if the same basic 
model is used for both. 

Although longer-run analyses are not in our 
immediate plans for the national model re- 

to 	i This intermediate-run operation is a simplified 
version of what Richard H, Day has called "dynamic 
coupling," See (3), 

search, the model can also be used for such 
problems. This will probably involve the sa 
general procedure outlined for the intermediate 
run analysis, except that the variables will not 
be time-dated. Each round of computations will 
be interpreted as a "correction" for the effects 
of aggregate output on prices, and the sequence 
will be repeated until the prices we have at the 
end of one round are essentially the same as 
those we used at the start of that round. 

A Historical Test 

In most projects of this kind, where ex ante 
predictive estimates are the desired research 
product, one first converts the methodology into 
an empirical model and then tests that model 
against history. This procedure allows the 
analyst to evaluate the model's performance 
without waiting until model estimates can be 
compared with future outcomes. 

Accordingly, we began in 1964 by developing 
an experimental model and testing it against 
a historical period of sufficient length to permit 
a meaningful interpretation of results. The 
period 1960-64 was chosen for this purpose 
The 5-year test was limited to an evaluati. 
of the model's performance looking only 1 year 
ahead (the short-run application). 11 

Forty-seven producing areas were delineated 
for the test (shown in white in figure 2). A total 
of 95 resource situations was defined. These 
represent differences in farm size, soil type, 
source and cost of irrigation water, and other 
characteristics. 

The activities and restraints included in each 
submodel represented the alternatives available 
to producers during the period. Emphasis was 
placed on major field crops--cotton, wheat, 
feed grains, and soybeans. Other crop alterna-
tives were included in areas where their pro-
duction is interrelated with the production of 
major crops. Examples are flax, oats, extra 
long staple cotton, and sugarbeets. Livestock 

11  The test was managed by four professionals in 
Washington, D,C, (W. Neill Schaller, project leader, 
Fred H. Abel, W, Herbert Brown, and John E. Lee, Jr.), 
About 20 members of the Division's field staff located 
at State universities spent an average of 2 to 3 months 
each constructing submodels and assembling data. 
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activities were included only in areas where 
it was believed that their inclusion would im-
prove the model's ability to estimate crop 
acreages. Government programs for cotton, 
wheat, and feed grains were also built into 
each submodel. 

The model areas shown in figure 2 accounted 
for the bulk of the 1960-64 U.S. acreage of most 
major crops: 85 to 90 percent of the upland 
cotton and soybeans; 80 to 85 percent of the 
corn, wheat, and grain sorghum; and 68 percent 
of the barley. As a rule, these areas accounted 
for somewhat higher proportions of U.S. pro-
duction, as many of the omitted areas had lower 
yields. 

The technical coefficients used in the test 
were based largely on the data developed for 
the regional adjustment studies discussed 
earlier. Other required data consisted of county 
acreage and yield estimates from USDA's Sta-
tistical Reporting Service, and county allot- 

ments, base acres, payments, and diversion 
data from Agricultural Stabilization and Con-
servation Service. 

The 95 programming submodels varied in 
size and complexity from one area to the next. 
The average submodel for 1964, the last year 
of the test, had 39 rows, 28 real activities, and 
309 matrix elements. The 95 submodels had a 
total of 3,700 rows, 2,630 columns, and 29,000 
matrix elements. 

SELECTED ACREAGE RESULTS 

The results reported here are limited to 
the acreage estimates for six crops: upland 
cotton, wheat, corn, barley, grain sorghum, 
and soybeans. Also examined are the model 
estimates of acreage diverted under voluntary 
participation programs for feed grains, and 
wheat. 
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Table 1 shows the percentage deviation of 
model estimates from actual acreage for each 
of the six crops.12  These results are summa-
rized for the FPED field groups outlined in 
figure 2, as well as for the total model. 

To interpret such a large and varied assort-
ment of test results is a real challenge. Obvi-
ously the model estimates are relatively close 
to actual response for some commodities in 
some areas, but not for others. Unlike the re-
sults of regression analysis, the solutions to 
a programming (economic) model cannot be 
summarized by statistical measures of re-
liability. Nevertheless, a number of important 
observations can be made: 

1. The deviations shown in table 1 tend to be 
smaller for the total model than for the FPED 
field groups. Though not shown in the table, the 
estimates for areas and resource situations 
within each field group tend to be less accurate 
than those for field groups. 

This phenomenon, though not surprising, opens 
the question as to how one ought to interpret 
the more aggregative results, knowing that there 
are larger, offsetting errors in the estimates 
at lower levels of aggregation. The appropriate 
interpretation would seem to be that the model 
is not unlike a sampling procedure which gives 
the results for the aggregate greater validity 
than those for the parts. Of course this reason-
ing suggests that to provide estimates for areas 
and resource situations that are just as useful 
as those for the total model, either we need 
more realistic submodels or we must use other 
methods to obtain those estimates. 

2. A second observation is that the model 
estimates for allotment crops, such as cotton 
and wheat, tend to be more accurate than those 
for nonallotment crops. This, too, is not sur-
prising. Because the allotment crops are gen-
erally the most profitable alternatives, one 
expects them to go to their allotments in a 
programming solution. 

3. The errors of estimation for a crop whose 
acreage fluctuates quite a bit are usually larger 

12  Percentage deviations provide a good summary but 
do not tell the whole story. One must take account of the 
absolute acreage levels to properly evaluate these re-
sults. In table 1, the deviations for the "total model" 
provide this information indirectly. For example, the 
1962 wheat estimate for the Southeast is 105 percent in 
error, but the total model deviation is only 4 percent. 

than for a crop with a relatively stable acreage 
path. There is also a tendency for the model 
overestimate the acreages of the more profile 
able crops that are not restrained by allotments. 
This is due mainly to the use of a very simple 
technique to derive flexibility restraints. We 
used as flexibility coefficients (allowable rates 
of change) the average of actual percentage 
changes since 1957, plus a standard deviation. 
The same rule was applied throughout. Test 
results clearly suggest that different techniques 
of estimating flexibility coefficients should be 
used for different crops in different areas. 

Flexibility coefficients are not the only source 
of error attributable to upper and lower bounds. 
The base acreage (X t_i) may also be a culprit. 
Use of the preceding year's acreage as the base 
often produces unreasonable bounds when that 
acreage fails to represent the real intentions of 
farmers. For example, if poor weather at plant-
ing time in year t caused farmers to plant less 
than they had intended, flexibility restraints for 
year t+1, when set around that acreage, are 
likely to misrepresent the appropriate limits 
for t+1, This situation suggests that it may be 
better in some cases to use an average or trend 
acreage instead of X 

4. The 95 programming submodels 
a total of 3,270 acreage estimates in the 5-year 
test. Two-thirds of these estimates were re-
strained by the crop's own upper or lower flexi-
bility restraint. While this clearly indicates the 
importance of improving the upper and lower 
bounds,13  it also reflects the absence of other 
restraints. If the model can be more fully spe-
cified on the restraint side, its dependence on 
flexibility restraints will be lessened. Unfor-
tunately, it is more difficult to quantify re-
straints on physical inputs, such as cropland 
and labor, for an aggregate-predictive model 
than for a farm model. 

13  It bears noting, however, that the "effectiveness" 
per se of flexibility restraints is not necessarily an 
indication of model weakness. Some have argued that 
it is--that if the bounds are effective consistently, one 
does not need to use programming. He can take the 
bounds as estimates of response. This argument ignores 
the fact that the analyst will not always know in advance 
which bounds will be effective or at what price and re-
straint conditions individual bounds would no longer be 
effective. 
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Table 1,--Percentage deviation of model acreage estimates from actual data for 
selected crops, 1960-1964a  

I 

Crop 1960 1961 1962 1963 1964 Average 

Cotton, upland: Percent Percent Percent Percent Percent Percent 

Southeast 	 13 7 9 10 0 8 

South Central 	 1 1 0 0 1 1 

West 	  1 1 0 1 8 2 

Total 	  2 2 2 2 1 1 

Wheat: 
Southeast 	 63 15 105 7 2 38 

South Central 	 2 10 5 5 21 9 

West 	  1 0 7 1 4 3 

Great Plains 	 3 0 1 10 1 3 

North Central 	 21 5 17 10 10 13 

Total 	  7 1 4 9 0 4 

Corn: 
Southeast 	 6 10 8 4 5 7 

South Central 	 3 20 17 7 3 10 

Great Plains 	 8 15 10 4 6 9 

North Central 	 12 26 18 9 17 16 

Total 	  11 24 17 6 15 15 

'
Barley: 

West 	  4 1 5 5 0 3 

Great Plains 	 7 14 1 2 0 5 

North Central 	 26 22 3 35 21 21 

Total 	  4 10 0 2 1 3 

Grain sorghum: 
South Central 	 5 9 3 2 17 7 

West 	  11 12 9 4 21 11 

Great Plains 	 22 26 3 9 37 19 

North Central 	 13 116 19 10 29 37 

Total 	  13 31 5 3 27 16 

Soybeans: 
Southeast 	 2 0 17 . 10 11 8 

South Central 	 6 1 1 2 2 2 

Great Plains 	 56 15 131 33 18 51 

North Central 	 6 2 13 12 5 8 

Total 	  7 1 12 10 4 7 

a Deviations are without regard to siEri. 
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5. Errors in the model's estimates of crop 
diversion under voluntary Government programs 
(table 2) can be traced to a number of causes. 
The use of aggregates rather than individual 
farms is one. A linear programming model 
picks the most profitable alternatives open to 
the unit (subject to restraints). Therefore, the 
solution can be expected to include only one of 
the options offered in a voluntary program. This 
kind of solution makes sense for a single farm. 
It also makes sense for an aggregate model if 
the aggregate consists of homogeneous farms. 
In practice, the aggregate does not. We ac-
counted for the expected range of individual 
farm responses in each resource situation by 
adding flexibility restraints on the aggregate 
diversion of each crop that were narrower than 
the limits specified in the program. 

Historical data on actual diversion are far 
less useful for estimating such restraints than 
past crop acreages are for estimating crop 
bounds. This is because the history of diversion 
programs is limited and year-to-year changes 
in program provisions cast doubt on the validity 
of diversion bounds estimated from history. 

Consequently, our diversion bounds for the 
test--though reflecting history--had to be sgili 
somewhat arbitrarily. The extent to which their 
bounds were too wide, or too narrow, may ex-
plain part of the discrepancy between estimated 
and actual diversion. 

One way to alleviate this difficulty is to use 
a larger number of resource situations per 
area, basing them on characteristics that in-
fluence farmers' decisions to go into or stay 
out of a voluntary program. Knowing what char-
acteristics to define and having data to permit 
a breakout of new situations are the main prob-
lems involved in this approach. 

The discrepancies shown in table 2 are too 
large to suggest that the model alone could 
provide reliable estimates of response to volun-
tary programs. Many factors affect farmers' 
response to such programs in addition to those 
quantified in the model (length of signup period, 
farmers' views on farm policy, their under-
standing of the program, and so on). But with 
the possibility of bringing more of these factors 
under control in the overall analysis, the out-
look for the model is encouraging. 

Table 2.--Percentage deviation of model diversion estimates from actual diversion, 41/0  

1960-1964a 

Crop 1960 1961 1962 1963 1964 Average 

Feed grain diversion: Percent Percent Percent Percent Percent Percent 
Southeast 	 (b) (c) 7 28 9 15 
South Central 	 28 1 25 18 
West 	  10 9 9 9 
Great Plains 	 6 9 22 12 
North Central 	 20 15 14 16 

Total 	  9 9 16 11 

Wheat diversion: 
Southeast 	 (b) (b) 49 12 3 21 
South Central 	 39 64 118 74 
West 	  5 194 11 70 
Great Plains 	 27 49 15 30 
North Central 	 24 142 130 99 

Total 	  -- -- 27 62 33 41 

a  Deviations are without regard to sign. 
b Diversion program not in effect. 
e Diversion program in effect, but data on actual diversion not available. 
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In summary, the estimation errors revealed 

Ilt the test fall into two general categories: 
rors of aggregation, and errors of specifi-

cation (9, 17). Aggregation errors, illustrated 
above for diversion results, are common to all 
research designed to yield aggregate estimates, 
regardless of the unit of analysis. The basic 
problem in the case of an aggregate model is 
that when firms are grouped together for anal-
ysis, as though they were homogeneous, the re-
sulting estimates invariably differ from the 
estimates that would be obtained by analyzing 
each firm separately. Included under errors of 
specification are those due to the way the model 
simulates production alternatives, expected 
earnings, and restraints--as well as the de-
cision-making process itself. 

The errors in both categories are frequently 
due to scarcity and inferior quality of data. The 
structuring of an analysis is often guided by 
data availability, and the absence of certain 
data often forces the analyst to make compro-
mises that may cause errors, although hopefully 
they will not be large ones. 

The national model test was a test of the 
hypothesis that one can evaluate the effects of 
certain factors on farmers' aggregate produc-

*ion response using a profit-maximizing, re-
cursive model with flexibility restraints. The 
results, though pointing to certain weaknesses 
in the model, support that hypothesis. Moreover, 
one must evaluate a model in terms of whether 
it can provide better information at reasonable 
cost than that obtainable from alternative 
methods. 

An Ex Ante Test 

The historical test taught us a great deal, 
but it did not answer several questions about 
the model's potential performance in a real 
world, or ex ante, application. For one thing, 
the test did not examine the model's true pre-
dictability because actual outcomes were known 
before the analysis was conducted. In fact, 
certain data on crop acreages and participation 
in Government programs for years through 1964 
were used to derive restraints for each year of 
the test. This use of "advance information" was 
unavoidable when data for years prior to the 
test period were insufficient. 

As explained earlier, the cobweb approach 
requires data for year t to estimate response 
in year t+ 1. Data for year t were available 
when the historical analysis was conducted. 
We realized that considerable data would not 
be available for ex ante applications. County 
acreages and yields for a given year are not 
reported until a year or so later. Hence, another 
unanswered question is, what do you substitute 
for these data? And what effect will this sub-
stitution have on the model results? 

Finally, the test did not really answer the 
critical question, can a fairly comprehensive 
model be structured and updated during year t 
in time to provide estimates of response that 
are useful to those who have to make policy 
decisions for year t+1? 

In view of these considerations, we decided 
early in 1967 to update the model and apply it 
to policy questions concerning response in the 
1968 production year. The idea was to catch up 
with time--to begin to do before-the-fact anal-
yses on an annual basis--all the while making 
improvements in the model and the data, and 
developing complementary models wherever 
appropriate.1 4  

The initial step in the 1968 analysis was to 
update the historical model, incorporating a 
number of structural and data improvements, 
on a time schedule that would test the prac-
ticality of the model. A few changes were made 
in area boundaries and numbers of resource 
situations (the 1968 model includes 52 areas 
and 83 situations). Flexibility restraints were 

14  Early in 1967, 7 members of the Division's field 
staff were named regional analysts and given increased 
responsibility for the planning and conduct of the re-
search: W. C. McArthur, Athens, Ga. (Southeast), Percy L. 
Strickland, Stillwater, Okla. (South Central), Walter W. 
Pawson, Tucson, Ariz, (Southwest), LeRoy C. Rude, 
Pullman, Wash. (Northwest), Thomas A. Miller, Ft, 
Collins, Colo. (Great Plains), Gaylord E. Worden, Ames, 
Iowa (North Central), and Earl J. Partenheimer, Univer-
sity Park, Pa. (Northeast). Glenn A, Zepp, Storrs, Conn., 
replaced Partenheimer as the Northeast Analyst during 
the year. Jerry A. Sharples shared with Worden the 
responsibilities of analyst for the North Central region 
until mid-1967 when Sharples transferred to Washington, 
D.C. for a temporary assignment with the Washington 
staff. 
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estimated in a number of ways considered ap-
propriate for individual crops and areas.15  

A benchmark policy situation was defined for 
1968. It assumed that 1967 product prices would 
be those expected in 1968. Other assumptions 
included trend changes in inputs, yields, and 
costs, and a continuation of 1967 Government 
programs for cotton, wheat, and feed grains. 
Our plan was to complete the preparation of 
all benchmark data by July 1, 1967 (4 months 
after actually starting). Following the program-
ming stage, we intended to analyze selected 
policy questions concerning proposed changes 
in Government programs. 

As it turned out, preparation of the bench-
mark material was not completed until mid-
September, and the benchmark programming 
was not finished until November. This "dry 
run" analysis proved that faster and more 
efficient procedures for collecting and proc-
essing data, and an earlier start, are needed 
if the national model is to make a timely con-
tribution to policy questions. Most of the key 
decisions concerning 1968 program provisions 
were made before the analysis was complete. 
However, certain proposed changes in the 1968 
cotton program were studied with the national 
model, mainly to gain further experience in 
policy application and to learn more about the 
model's capability. The results of the bench-
mark and cotton analyses are still being studied, 
but as in the case of the historical test, a few 
observations can be made: 

1. We do indeed learn more by doing than 
by armchair reasoning. The 1968 experience 
suggested ways of reducing the time needed to 
update the model and complete the analysis. 
Current plans to update to 1969, and then to 
1970, will include use of faster and more effi-
cient data assembly and processing procedures. 

Nevertheless, it is probably unrealistic at 
this stage of our experience to think of using 
the model to "field" a specific policy question 
requiring an answer in a matter of days, or 
even weeks. Considerable time is needed to 

15  The paper by Thomas A. Miller in this issue of 
Agricultural Economics Research describes an approach 
used in the Great Plains to estimate flexibility restraints. 
Miller's regression model can also be used by itself 
without the additional programming step. The choice 
would seem to depend on the research problem. 

study and evaluate the large quantity of results; 
this is often overlooked in the current age 
electronic computation. A more reasonabill 
approach is for the analysts--through good 
communication with policymakers--to anticipate 
the main policy issues early in the year and to 
develop a basic set of response estimates that 
can be used to shed light on specific questions 
that arise as the year progresses. 

This discussion may suggest that the national 
model analyst is one who responds only to ques-
tions asked by others. On the contrary, the 
analyst not only can but should extend his role 
to that of studying policy alternatives which he 
believes to merit research, even though the 
public and policymakers have not posed any 
questions. Such a role also applies to the anal-
ysis of a question that has been asked. For 
example, if we are asked to analyze the effects 
on cotton production of a change in the diversion 
payment, we should also consider the effects 
on alternative crops. The results of this re-
search may point out side effects of a program 
that had not been anticipated. 

2. In the 1968 test, we came to grips with 
the problem of not having actual 1967 prices and 
acreages on hand when the analysis was co. 
ducted. The prices we used were based on 19 
projected U.S. prices developed by the Depart-
ment, and individual crop acreages were derived 
from "March 1 planting intentions." The result-
ing input data are not as satisfying to us as 
their counterparts in the historical model, but 
by using them we learned mo;e about their 
limitations--and possible alternatives--than if 
we had chosen the security of further historical 
testing. 

Concluding Remarks 

At a workshop on the national model in Oc-
tober 1967, Washington and field participants 
looked especially at where we had been and 
how we ought to proceed. It was agreed that 
the current national programming model should 
be viewed as a central activity, but by no 
means the only activity, in the Division's pro-
gram of research on aggregate production 
adjustments. We need an integrated research 
program that includes an improved version of 
the current model plus other analytical means 
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of researching questions requiring more micro *tail than is possible in the current model, 
well as certain aggregate questions needing 

almost immediate answers. 
Several improvements in the model were 

planned. These include redelineation of area 
boundaries, better estimates of restraints, and 
collection of new data. Plans were also made 
to experiment with statistical models and to 
study the possibilities of using the results of 
individual farm analyses to provide better input 
data to the aggregate model or to adjust the 
estimates obtained from the latter. 

A final point: The application of a formal 
model to policy research is often accompanied 
by skepticism on the part of some and by the 
belief on the part of others that what comes out 
of a computer is automatically right. Both re-
actions are incomplete. No formal model has 
yet predicted aggregate response with con-
sistent accuracy. Neither has any informal 
model. But all too often, formal models are 
reported in the literature as though their pur-
pose is to replace informal methods. A really 
effective tool kit must include both types. • References 
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