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AGGREGATION AND CALIBRATION OF AGRICULTURAL SEC-
TOR MODELS THROUGH CROP MIX RESTRICTIONS AND MAR-
GINAL PROFIT ADJUSTMENTS

Abstract

All agricultural sector models must deal with aggregation and calibration somehow. The aggrega-
tion problem involves treating a group of producers as if they all responded in the same way as a sin-
gle representative unit. The calibration problem concerns making a model reproduce as closely as pos-
sible an empirically observed set of decision maker actions. This paper shows how both calibration
and aggregation are addressed through crop mix restrictions combined with marginal profit adjust-
ments.
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Why do we need to Aggregate and Calibrate?

There are several reasons why modellers face aggregation and calibration problems. In practice
every model contains simplifications of reality, omitting important information, which is taken into
consideration by farmers when choosing what crops to plant.

Suppose we formulate an aggregate, uncalibrated programming model that represents a group of
farms in a region, as in Model 1.

MAX (r - ¢)x

ST Model 1
(1)  Ax<b

(2) x>0

Also suppose the true real-world situation on one of the farms represented in Model 1 is actually
described as shown in Model 2.

MAX (r - ¢ —d -ex)x

ST

(3) Ax<b Model 2
4) Dx< f

(5) x>0

The notation in both models is:
An aggregate vector of crop acreages.
A vector of average revenue.
Variable costs related to the crop acreage, which are included in both models. These costs
normally include the costs reported in accounting statistics, such as fertiliser, seed, tilling, pes-
ticide, energy and labour costs.
d Variable costs taken into consideration by the farmer, which are not included in Model 1.
These may include marketing costs, for example.
e Variable costs that increase with increasing area of the crop and or revenue declines associated
with the rate of decline in the yield with increasing area of the crop. These items occur due to
increased disease pressure, marginally decreasing soil quality, etc. These items are taken into
consideration by the farmer but are not included in Model 1.
A matrix of technical coefficients, which are included in both models.
A resource vector corresponding to matrix A.
A matrix with technical coefficients, which are not included in Model 1.
A resource vector corresponding to matrix D.

O = X

-~0% >

As the models are described here, there are important differences. The underlying cause for the
omissions in Model 1 is the lack of full information about farm resources and costs, transaction costs,
incentives and market conditions. These differences make calibration and aggregation necessary. Add-
ing relevant information to Model 1 could reduce the problem. One could imagine that if all relevant
information were added, the model would not only calibrate correctly to current production, but also to
all counter factual scenarios, since the incentives and production possibility representation are correct.
However, when a model is expanded from describing a few farms to sector or society level, the costs



of gathering and maintaining an adequate amount of information for all the included cases are enor-
mous.

The differences between the sector model in Model 1 and the real world as illustrated in Model 2
may be due to the following reasons:

Sector Models Typically Depict Groups of Farms within a Single Sub-model. Usually, a large
number of farms of a particular type in a geographical region such as a state or province are repre-
sented as a single typical farm. Thus, models contain for example a single sub-model representing all
corn-soybean farms in lowa, or all dairy operations in Sweden, even though there may be hundreds or
even thousands of such types of farms. The construction of such typical farms introduces aggregation,
and is done as a result of data and model size considerations.

Resource Availability and Availability of Details of Potential Production are Typically
much less in Sector Model Sub-models than in Individual Farm Models. Typically, there are sub-
models within sector models, and these are highly aggregated representations of the operations they
depict. They involve annual land, labour and water availability without considering many, or some-
times any, of a large variety of farm specific factors such as crop rotation, quality of labour, land type,
implementation and tractor time constraints. For example, in modelling an Indiana corn-soybean-
wheat-silage farm, the farm level model employed by McCarl et al. (1977) had more than 200 produc-
tion possibilities and more than 175 resource-related constraints. In contrast, the aggregate ASM
model (Chang et al., 1993) represents all of Indiana production, including livestock production poten-
tial, with less than two dozen production possibilities and a dozen constraints. Data and model size
considerations force such an aggregate depiction.

Sector Models Typically Ignore Market Factors. Typically, more aggregate models depict re-
gional producers and consumers as if they traded set of homogeneous commaodities at a single com-
modity-specific price. However, it is commonly observed that prices for a single commodity such as
hay vary within any region across the places in the region as well as by time of sale and commodity
quality characteristics.

The Data Available for use in a Sector Model Force Aggregation on the Modeller. Typically,
sector-modelling exercises requires the use (and possibly the development) of consistent data on a na-
tional basis. When trying to use or develop such data, one usually finds that such crucial items as crop
production budgets are available for average or “typical” regional operations, but not for a large num-
ber of possible alternative enterprises. Confidentiality and the costs of finer data development gener-
ally preclude more detailed data sets. Price data are also typically averages over regions, days, sale
contract terms and grades, as are consumption data.

Differences Exist Between Farmers’ and the Model’s Objective Function/Constraint Sets.
Models often depict profit maximisation subject to resource constraints excluding other potentially
important factors. Examples of relevant excluded considerations include risk aversion, financial re-
serves and personal expectations concerning yields and prices. These are all difficult to measure and
depict on an aggregate scale.

Budgets and a Lack of Depiction of Production Possibilities. Budgets give statistically based
data describing production practices carried out at one point in time on average, not how it could have
been. So budgets do not give a full spectrum of possible responses. Also lags in budget availability
(i.e. with those available being one or two years old) and geographical averaging may bias the model
response.

Specialisation and Mathematical Programming Solutions. Mathematical programming solu-
tions, particularly those from linear programming models, tend to produce extremely specialised solu-
tions (corner solutions) since the number of production possibilities employed is influenced by the
richness of the constraint set and the embodied production possibilities. Thus, model solutions may be
generated which give regions as producing only part of the crop and livestock potential production
which is actually common within the boundaries of the region.

Transaction Costs are Often Omitted. Many models are built on the basis of farm budgets, but
then use consumer or regional-level average prices. There are costs accruing in the marketing channel
for handling and transport that are frequently not present in budgets, so there are often price differen-
tials between farm level prices received and prices paid by consumers which are not fully captured in
models.



The following section reviews different approaches to these problems, and compares them in the
context of the theoretical model.

Convex Combinations of Historical Crop Mixes

McCarl (1982) proposed a method to aggregate over regions in sector models by restricting the
crop mix to the space spanned by a convex combination of historical crop mixes. This was followed
up in McCarl, Hamilton and Adams (1985) and Onal and McCarl (1989). The model proposed by
McCarl (1982) is:

max (r —c)x
X,p

Subject to
Ax<b

X =X
Z(Pi =1

@, 20foralli

Model 3

Here the vector ¢ contains the convex combination weights ¢, , the matrix X contains exo-

genous crop mix observations while i is an index for the crop mix observations. The main assumption
is that there is a duality between solving an aggregate model with the full detail of all the farm firm
models included on the one hand, and on the other building an aggregate model without the farm firm
models which is constrained to the production possibility set spanned by a convex combination of all
possible optimal solutions of the farm firm models. For all practical purposes one could never con-

struct all the detailed farm firm models that would be required in order to find X , but rather one can
use empirical observations on observed crop mixes. This approach has been implemented in a number
of settings, for example Chang et al., (1993) and Adams et al., (1996).

There are some basic problems with this approach. First, the use of historical crop mixes does not
constitute as rich a production possibility set, as one would have with the full detail in a model, which
more completely represented individual units. Historical crop mixes are reflections of producer deci-
sions in the face of prevailing prices. Thus the crop mixes will not be an accurate representation either
if the expected prices confronted by the model are well outside the historical range or if the situation to
be examined substantially revises the production possibilities. Onal and McCarl (1989) found that
when the prices and product mixes were not substantially different, the historical mixes gave a solu-
tion very close to that produced by more disaggregated modelling schemes. Others have attempted to
correct such problems by augmenting the historical crop mix information with expert opinion or sur-
vey information. Tanyeri-Abur et al., (1993) added additional crop mixes containing much less sugar
when examining U.S. sugar import policy. Apland and Jonasson (1992) followed a similar approach in
eliminating oil crops. Schiable et al., (1999) added additional mixes from a farm survey in a study of
farm policy revision, with the mixes being based on survey questions about reactions to policy revi-
sions.

Another problem with this approach is that it does not take account of changes in production
costs, inputs and yields when crop mixes change. Any farmer knows that crop yields depend very
much on the land use the previous year. Furthermore, costs may also vary with the previous crop.
Some crops assist in avoiding diseases, thereby reducing the need for pesticides or other crop protec-
tion, while other crops have the opposite effect. These cost and yield changes are not taken into ac-
count.



Calibration - Closing the Gap between the Marginal Cost of Production
and Marginal Revenue

Fajardo et al., (1981) calibrate a model of Nicaraguan agriculture by imposing the production
economic optimality criterion marginal revenue (MR) = marginal cost (MC) for all activities. A cali-
bration restriction restricted the model to the empirically observed crop mix, and the shadow price
vector from this equation, A, was interpreted as the unexplained difference between MR and MC. If
perfect competition is assumed farmers must produce such that MR=MC. The difference between MR
and MC in the model must therefore by definition represent the difference between the true optimisa-
tion problem and the model.

This difference was placed into a miscellaneous cost category, and in the calibrated model this
cost is subtracted. This cost must by definition be omitted costs, such as transaction costs, marketing
costs or un-modelled resource costs. Chang et al., (1993) and McCarl et al., (1998) use this approach
in the ASM model in conjunction with convex combinations of optimal productions as described
above.

If this problem is viewed in the context of the real and the model version of the optimisation
problem (Model 1 and 2), the uncalibrated model corresponds to Model 1, while the calibration model
is Model 4 and the calibrated model is Model 5 below:

MAX (r - ¢)x

ST

(1)  Ax<b Model 4
7 x<x ()

(2) x>0

MAX (r-c-A)x

ST Model 5
(1) Ax<Db

(2) x>0

If the true problem is Model 2, then the shadow price of the calibration restriction (7), A4, evalu-
atedat X =X willbe 2 =d +ex+ D, where y is the shadow price from equation (4) in Model 2.

Fajardo et al.’s approach is designed to compensate for missing marketing costs and omitted con-
straints. These arise due to: a) the existence of transactions costs encountered to move goods through
the marketing channel which are not reported in the crop budgets or differ by farming location; or b)
differences in the quality of and timing of sale for the goods, which are assumed to be homogeneous in
the models. However, as demonstrated in (2), other costs, of which some vary in x, are also parts of the
miscellaneous cost category A .

A programming model with endogenous prices as used in Fajardo et al. (1981) and Chang et al.
(1993) will calibrate exactly using this technique, but a model with fixed (exogenous) prices will not.
This is illustrated in Figure 1, where S is the uncalibrated indirect supply function for both models and
S’ is the calibrated indirect supply function for both models. The price endogenous model calibrates

uniquely to X", while the price exogenous model has a range of optimal points around X" .



Price endogenous model Price exogenous model

Figure 1: Calibration using Fajardo et al’s proposal in price endogenous and price exogenous
models.

Conclusion

To evaluate the explained technique, it is necessary to formulate some criteria representing what a
good aggregation and calibration procedure should achieve. The obvious calibration criterion is to re-
produce the crop mix in a given period, and also to reproduce adjustments under policy shocks. But
the underlying and main criterion is to distort the production possibilities set to the least degree while
providing correct incentives. If this criterion is fulfilled, the model is likely to reproduce most policy
shocks with an acceptable margin of error. Furthermore, the method should be based in economic the-
ory, and be empirically applicable. Unfortunately, these criteria often conflict (see the discussion in
Onal and McCarl (1989)). For example, the necessary conditions for correct aggregation as formulated
by Day (1963) are impossible to meet in an empirical model. The perfect method for aggregation and
calibration still remains to be discovered, and given the nature of the problem, modellers must resign
themselves to using less than perfect solutions.

A number of different techniques deal with aggregation and calibration problems in sector models
including the use of flexibility constraints (Miller, 1972) and Positive Mathematical Programming
(PMP, Howitt 1995). Perfect aggregation and calibration is not possible, due to the existence of a large
amount of missing information that is impossible to obtain and maintain for a larger area. The most
interesting calibration candidates are the positive mathematical programming method and Fajardo et
al.’s method combined with the aggregation approaches involving convex combinations of crop mixes
and convex combinations of full-scale farm observations. Both the PMP and Fajardo et al.’s methods
are biased by their assumption that the missing costs are either only linear in X or only non-linear in
X. A better knowledge on the relative size of the linear and non-linear costs would improve the repre-
sentation of the true underlying optimisation problem. The PMP structure keeps the model very close
to the calibration point, but the curvature of the PMP cost functions outside X is arbitrary and biases
the model response to policy shocks significantly. Convex combinations of crop mixes may be applied
simultaneously with PMP or the approach of Fajardo et al. However, the methods with added new
costs (PMP, Fajardo et al.) cannot be combined.
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