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THE RECURSIVE ADAPTIVE PROGRAMMING HYBRID
MODEL: A TOOL FOR ANALYZING AGRICULTURAL

POLICIES

By Wen-yuan Huang, Reuben N. Weisz, Kenneth H Baum, Earl O. Heady, and Lloyd Teigen*

INTRODUCTION

Many agncultural policies have
been region specific or have had
different regional impacts Policles
for cotton, public irngation pro-
grams, and others have heen region
specific In the supply control pro-
grams of the fifties, for example, the
Southeast could shift land from
cotton to feedgrains and wheat
Thus, the region partially escaped the
rigors of supply control 1n a way that
other regions could not

Because of the different impacts
of agncultural policies among re-
gions, we need models that reflect
price, Income, resource use, and re-
lated 1tems over space and time
Econometric models and mathe-
matical programming models can be
used independently, or iIn combina-
tion with each other, dependmg on
the needs of the analysis

Econometric models,can be
positie or predictive, forecasting the
response that farmers and regions
will take (13, 14, 24, 25) " These
models predict future response based
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A comprehensive model of U 8
agriculture incorporates the spatial
pattern of supply, resource use, and
the techmical structure of agnicultural
production that ts generated by a
linear programming component, and
it utihzes detalled information on
market structure, processes, and
prices that 1s provided by an econo-
metric component The methodology
for the hybrid model is explamned,
and a summary of lessons learned
from a recent test of this model 1s
presented
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on past experence as reflected 1n
fime series data

Programming models can be
normative, suggesting the response
that farmers and regions ought to
take Such models mdicate, for
example, whether natural resources
or environmental possibilities are
sufficient (9, 11,12, 17, 21, 38)

In some instances, we want to
examne production potential or
resource capability and to learn the
market outcome 1f these potentials
were reahzed Here, we need to link
a normative model with a positi 2
model Sonka and Heady’s study
(32) 15 typical

! Italicized numbers 1n parentheses
reler to 1tems 1n References at the
end of this article

In some nstances, we combine an
ecanometnc component and a pro-
gramming component to generate
predictive estimates, for example,
Day’s (6), Schaller and Dean’s (29),
and Sahi’s (28) recursive linear pro-
gramming tabteaus linked yearly by
econometnical flexibility constraints
Posifive and normative aspects have
bheen combined 1n quadratic pro-
gramming models (19, 23, 35)
Although these solutions are simul-
taneous, they utilize econometrical
demand functions in the objective
functions and conventional linear
programming constraints Generally,
the recursive linear programming
models are used for shortrun
analyses, while the simultaneous
models'are used for longrun
analyses

We present a Recursive Adaptive
Programming (RAP) hybnd model in
this article which combines a large-
scale econometric model with a
large-scale programming model
Ideally, such a hybnd model would
provide the best features of both
types of models, while eliminating
problems associated with each The
1deal hybnd would incorporate in-
formation on the spatial pattern of
supply, resource use, and the tech-
nical structure of production gener-
ated by the programming model
And it would use detailed informa-
tion on market structure, processes,
and pnces provided by the econo-
metric model Such a hybnd can
simulate a dynamic sequence of
interrelated events over space and
through time and prowide a consis-
tent set of economic performance
indicators Our model achieves these
objectives
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Generally, the recursie linear pro-

gramming models are’used for short-
run analyses, while the simultaneous
models are used for longrun analyses

FOUR METHODS OF
COMBINING AN
ECONOMETRIC MODEL
AND A
PROGRAMMING MODEL

Before presenting our hybnd
model, we discuss four alternative
hybrid approaches for inking econo-
metnc and mathematical program
ming models

The One-Way
Communication Model

In the One-Way Communication
Model, output from one type of
model becomes mput for the other
For example, information can flow
from the econometnc model to the
programming model This hybnd 1s
best charactenzed by a single-period
and interregional programming
model with fixed demands deter-
mined by a set of econometnc equa-
tions

The National Water Assessment
conducted by the US Water Re-
sources Council used a One-Way
Communication Model to analyze
alternative future potentials for U §
agnculture (18) The quantities of
agncultural products demanded were
projected by an econometric modei
for 1985 and 2000 (24) These
demand projections became con
straints in a hnear interregional pro-
gramming model (I8) That model
then projected the least-cost {com-
petitive equilibnum) spatial pattern
of agncultural production and re-
:source use subject to these minimum
fixed demands

This One-Way Communication
Model has worked well for long range
analysis However, its ability to simu-
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late the shortrun behavior of the
agnicultural sector (not its onginal
purpose) 15 hmited by the lack of
feedback from the programming to
the econometnc model within or
between time penods This model
obtains nonfeasible soluttons when
the econometncally estimated values
of the linkage vanables fall outside
the feasible region defined by re-
straints in the programming model

The Symultaneous Solution
Model

The Simultaneous Solution Model
uses equations from an econometnc
model as 1dentsties (rather than in-
equality constraints) within the pro-
gramming model (19, 23, 35) lis
conceptual appeal is that the solution
will, sitmultaneously satisfy the
assumptions of both parent models

Penn and others (22) used this
approach to evaluate the shortrun
impacts of energy shortages on the
U S economy Their Simultanecus
Solution Model incorporated input
output data developed by the U 5
Department of Commerce for 85
sectors into a linear programming
model that contamed two energy
constraint equations {37)

Problems will anse 1 applcations
of a Simuitaneous Solution Model
when any of the following three
conditions occur

1 The feasibility region defined

by the equations denved from
the positive model is smaller
than the computational errors
inherent 1n the linear program-
ming software package

2 A static equilibrium solufion is

imposed on & dynamic disequi-
hbnum system {2)

3 Nonlimear equations denved
from the econometrc compo-
nent result in prohibitive com-
putational costs or cannot be
solved when cast within a
mathematical programming
framework

A Simultaneous Solution Model con-
structed from large scale ESCS
econometrnc and programming
models would contain thousands of
equations and tens of thousands of
vanables A Simultaneous Solution
Model of this size would be compu-
tationally impossible and/or pro-
hibitively costly (particularly 1f
bounding procedures were used)

Recursive Interactive
Programming (RIP) Models

Unlike the static hybnd models
described earlier, RIP models (1, 30,
31) simulate the evolutionary struc-
ture of the economy over space and
through time A RIP model can be
charactenzed as an intertemporal
sequence of One-Way Communica-
tion Models that has the following
basic features

o Within each stage of time, the

individual (economeinc and pro-
gramming) components are
solved once in a prespecified
sequence

« Within each stage of time, the

state of the model is defined by
histoneal information denved
from preceding stages of stmula-
tion and by exogenous events
(that 1s, input data) not brought
about by the previous mstory of
the ssmulation

The RIP Models have many ad-
vantages over those descnbed earhier
For example



The RAP model uses an economeltric
model (26) as the first component
of the hybnid and a linear
programming model (15)

as the second component

1 They allow for & flow of com-
mumcation within each stage
and between stages

2 They present fewer computa-
tional problems than the Si-
multaneous Solution Models
because the feasibility set 1s
not restricted to equalty solu
tions of the econometnce
model

3 They dynamically simulate a
sequence of events over space
and through time n a nonsi-
multaneous, or cobweb, frame
work

4 They allow evaluation of po-
tent:al supply capacities for the
future in contrast to being
based'on time senes data

The RIP approach also has hmita

tions For example

1 1If the first component within
each stage of time 15 a linear
programming model, the RIP
hybnd tends to overestimate
total production and, there-
fore, to underestimate prces
because the hinear program-
ming component produces an
economically effictent use of
resources

2 The RIP hybrid'begun by being
run with an econometric model
may encounter an infeasible
solution The econometric
component may give an estt-
mated production that exceeds
capacity e

3 If erther of the components has
been specified incorrectly, the
model’s recursive nature may
result in propagation of errors
over time

The first problem has been ame-

liorated by introducing pseudo-
behavioral constraints into the pro-
gramming component The RIP

models cited earlier had a procedure
for adjusting upper and lower bounds
on regional acreage limitations to
respond to the pnce impacts pro-
duced by the econometric compo-
nent, this 1s appropnate

The second and third problems
presented by the RIP model can be
partly addressed by incorporating a
two-way flow of communication
between the econometne and pro-
gramming components within each
stage of the analysts This feedback
concept resembles a self-adaptive
control system (7) Itis a model able
to change values of vanables that hnk
components through an internal
process of estimation, evaluation,
and adjustment according to a pre-
determined rule It forms the basis of
our RAP model which is descnbed
below

THE HYBRID MODEL

Recursive Adaptive
Programming {RAP) Model

The RAP model uses an econo-
metric model (26) as the first com-
ponent of the hybnd and a linear
programmung model (15) as the
second component It 1s constructed
from the RIP model by including a
feedback structure 1n each stage

The Cross Commodity
{CED-CC) Model

The econometnc component (36)
descends from the Commol:hty_~
Economics-Division (CED) Com-
modity Forecast System (4) Com-

monly referred to as the CED Cross
Commodity (CED-CC) Model, 1t
includes both crop and hvestock
sectors

"The model has 127 exogenous
varnables and 164 endogenous
vanables represented by 164 regres-
sion and 1dentity equations These
equations are divided into 10 groups
retail demand, retal product supply
relations in the dairy sector, farm
demand for the livestock sector,
capital stocks, hivestock supply, crop
demand, product stocks, planted
acreage relations, supply and utihza-
tion identity, and index definitions
The crop sector includes corn,
sorghum, barley, oats, wheat, and
soybeans The CED-CC model can be
expressed as

164
Y:r = alt + nEI (meYnt)

164 5
+Z I (Y

n=1 k=1 ""'k)

+ % (cfmzmt)+eit (1)

where =1, , 164, Ym andz_,
denote endogenous and exogenous
vanables, respectively, the diagonals
of b, are zero, the b, matrices are
increasingly sparse, and e , 15 an error
term

The Linear Programming
Model

The linear programming com-
ponent (15) updates the National
Water Assessment Model (18)de-
scribed earlier To reduce the cost of
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To evaluate shortrun impacts of
agricultural policies, one would use
the econometric model for the
principal component in the Aybnd
model and the Iinear programmung
(L.P) model for subordinate
anhd complimentary roles

testing this hybnd model, the pro-
Eramming component has only one
land class and 1t uses only land as the
resource restraint There are 13 com-
modities (1 = 1 13} i1n the model
For computational purposes, these
are divided into two groups
=1 6 includes com, sorghum,
oats, barley, wheat, and oilmeals,
=17 13 includes corn silage,
sorghum silage, nonlegume hay, leg
ume hay, cotton, summer failow,
and sugar beets

The programming component can
be expressed as

Maximize

ky

- Z Xl CI

k=1 (121 11kt

6
-M Z (vj +V7) (2)
=1

Subject to
National production balance
restraints

105 %
z I (XD,
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=1, , 6, k vanes from region
to region, ana
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regional production response
restraints

] -
k‘El (XDz it M XIx Jk!) < I-ﬁ: ;!]

&
!

[hE] (XDI Jkr—1+ XIl Ik t—l)]

k]

kgl (XDU.H XIukt)"[Bn;z]
l'EJ

[kz:l (XDr;kr—l +Xlukf—1]]’ (4)

land restramts,

13k,

rz-:l kfl VD: et XDr FLX < LDH

13 &

‘=El k§1 VIuk-‘ XII’ ki < LI_J!

=1, 105, (5)

where XD . (or XIHM) 1s defined as

the quann‘i; of production of crop
using rotation and tillage practice %
on dry (or irngated) land in pro-
ducing area j in time period ¢
CD , ,orCl . 1s the cost of pro-
ducing one unit of XD or XI |
Bk ki
respectively VD , or Viukt IS BCTES
of land used to produce one umt of
XDum or XI p ¢» TESpectively LD” or
LI ;1 total dury or irngation land
available in producing area; 1n time
penod ¢ P, 15 the farm level price
for crop ¢ 1n producing region ; in
the time period ¢ M1s an arbitranly
large penalty cost that 1s associated

with the deviationat vanables, v
and V™ 8 and f§,, are, respective-
ly, the maximum and mmmum pro-
portionate increases or decreases of
production of crop 1 1n producing
area from year {-1 to year ¢, the
price elasticities are used to deter
mine their values

Linkages Between Components

To evaluate shortrun impacts of
agncultural policies, one would use
the econometnc model for the prin
cipal component 1 the hybnd model
and the linear programming (LP)
model for the following subordmate
and comphmentary roles

* Three sets of endogenous van
ables are selected as linkage
vanables to transfer informabon
from the econometrnc compo-
nent to the programmng com-
ponent These three sets (ex-
pressed as Y , in the econo
metric component}) are regional
crop price P, ;, cost of produc-
tion CD,,, (and CI , ), and
national aggregate crop produc
tion Q,, At time period ¢, the
values of P, ,, and CD ,, are
used to revise the coefficients
in the objective function, the
values of P, are used in the
regional production response
restraints, the value of Qs
used as the value of the nght-
hand side of the national aggre-
gate production balance re-
strants

For each commodity, the LP
model contains an accounting
row that measures the deviation
(Vl) between aggrepate produc



tion as forecast by the econo
metric component and the aggre-
gate contained in the LP solu-
tion Large penalty costs are
assigned to the deviational van
ables in the profit maximizing
objective function to force the
LP solution to approach the
econometnec solution as nearly
as possible

o If all the dewviational (produc-
tion) vanables in the LP solution
vector are equal to zero, the
solutions produced by the two
components are assumed con-
sistent the econometric esti-
mates are within the feasible
repion In this case, the RAP
model initiates computations for
the next stage in time

e However, 1f any deviational
vanables 1n the LP solution
vector are not equal to zero, the
production forecast by the
econometnic component les
outside the production possibih-
ties region defined by the feasi-
bility constraints in the LP
component Here, the predeter
mined adaptive feedback mecha-
msm 1s invoked The production
vanables 1n the econometnc
component become linkage van
ables from the programming
component to the econometne
component, they are set equal to
the LP solution values The
econometnc component 1s re-
solved producing a new set of
endogenous varables such as
prices These newly adjusted
values are used subsequentiy 1n
the simulation, they compnse
the histoncal information that
defines the state of the model
n the next stage of time

Test Methods

The hybrid model's performance
in estimating agricultural production,
pnces, and levels of other agricultural
activities was tested with static and
dynamic simulation Both test meth-
ods were applied to the hybnd model
and to the CED-CC Model Estimated
values from these two models are
compared with actual observations

In the statte stmulation, actual
observed data are used for all pre
determuned vanables (including
lagged and exogenous) for each time
period In the dynamic sumulation,
the lagged endogenous variables are
estimated recursively and used as
input in the next time penod

Results from the static test pro-
vide information on how well the
model can perform when errors from
input data are removed or kept at a
mimmum Results from the dynamic
test provide information on how well
the model can be used for multi-
period stmulation—for example, how
senously the error accumulated in
previous time penods will affect the
performance of the model in later
time periods

The years 1969 and 1972 were
selected arbitranly for the static
stmulation of the hybnd model >
The years 1969 through 1973 and
the years 1972 through 1976 were
selected for the dynamic test How-

2In conducting a static simulation,
one must use actual values for all
predetermined variables as input data
Although this requirement poses no
difficulty 1n the econometric compo
nent, it does pose difficulty 1n the
programming component The LP
component uses extensively synthe-
s1zed data that do not have observed
values, therefore, it only approxi-
mates a static simulation

ever, only results for 1969-73 are
presented here The regression co-
efficients of the econometrnc compo
nent (CED-CC model) were estab-
lished tn 1977 from histoncal data
for 1950-77 Endogenous and exog-
enous data for 1260-77 were up-
dated

The data set in the programming
component was derived from the
1975 LP data base at the Center for
Agnicultural and Rural Development
{CARD) at lowa State University
Initial data (1968 and 1371) were
denved from this data base The
production costs were adjusted ac-
cording to cost indices for produe-
tion, interest, taxes, and wage rates
Projected production costs were
adjusted by a constant rate from test
penods 1969 and 1971 Constant
yield was assumed during the {est
period The denved regonal to na-
tional pnce ratio {(1972-74} was
assumed unchanged The values of
elasticities are from Richardson and
Ray (27)

Test Results

Each year’s simulation of the
econometnc component determines
164 values for endogenous vanables—
livestock and crop production, util-
zation, and marketing actinities The
programming component gives spa-
tial distnbutions of thousands of
crop production activities and land
use patterns in 105 producing areas
Empirical results are available from
the authors for the 48 contiguous
States Key data from a selected
State are presented in the following
table (Iowa was selected because
two of the authors are currently
working there )



The static s:mullahon results indiecate
that the hybrid model does well
estimating proéiuction of major
crops (that is, I‘com and soybeans)

at both State or national levels but
performs poorly in estimating outpuf
of minor t:ropazI {for example, oats)

S‘tatlc stmufation results of hybrid model, 1969 and 1972

Area ar'1d Rasults Erar
°r°p| Actual Estimatad
1969 natn:mialI production
Million bushels Percent
Corn 4,687 4,487 027
Soybeans 1,132 1,116 150
Qats 965 959 62
Wheat 1,442 1,453 76
1969 iowa production
Thousand bushels
Corn 1,012,563 1 001,146 113
Soybeans 179,850 182,530 149
Qats 93,840 108,720 13 69
Wheat 1,320 1,765 3295
1972 national production
M:tlron bushels
Comn 5,570 5,444 024
Soybesns 1,270 1,312 3N
Qats 620 784 13 62
Wheat 1,546 1,601 356
1972 lowe production
Thousand bushels
Corn 1,212,200 1,154,493 476 |
Soybeans 217,800 215,161 292
Oats 70,000 81,362 16 23
WheatI 1,238 1,360 990

The static s:mulatlon results ind-
cate that the hybnd model does well
estimating productmn of major crops
(that 15, com and soybeans) at both
State or natlonal levels but performs
poorly in estlmatmg output of minor
crops (for example oats) At the
State and national levels for both
years (1969 ahd 1972), there was less
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than a 5-percent error in estimation
for the major crops However, at the
State and national level for a minor
crop {oats), there was a more than
13 percent error in estimation

In the dynamic simulation test,
most of the national crop production
generated by the econometric eom-
ponent was ad)usted by the program-

ming component This caused a sigmf-
1cant discrepancy between the
hybnd model and the CED-CC model
1n their estimates of national crop
production and prices
Figures 1.through 4, grouped at
the end of this article, illustrate the
following significant features of the
hybrid model
« When using regional restraints,
the hybnd model does not yield
better estimates for aggregate
national production and price
than those generated by the
CED-CC model alone This
failure occurs because the re-
straints caused by using national
price elasticities.do not represent
the regional responses ade-
quately
* The adjustment mechanism 1n
the hybnd model assumes that
national aggregate production
can be estimated better by sum-
ming the indivdual regronal pro-
duction estumates than by using
the national aggregate figure
from the CED-CC econometne
model This assumption 15 true
only if a set’of accurate regional
response functions can be for-
mulated To improve.the per-
formance of the hybnd model,
we should estimate and use re-
gion specific elasticities of pro-
ducticn with respect to pnce
instead of the national (f)
elasticities that were available
for use in this study
» The time recursive structure
used by the hybnd model will
accumulate error and pass 1t on
to the next time penod (The
estimates 1llustrate this point )
This error might be reduced by
formulating regional restraints
as a function of the endogenous



The Recurswe Adaptive Program-
ming (RAP) hybrid model 15 the
most sophisticated method of
hinking econometric and program-
ming components

vanable in the econometric com-

ponent rather than depending

heavily on the previous year’s

production, as in (4)

Therefare, we suggest that when-
ever accurate regional response re-
straints are not available, the One-
Way Communication Model will
probably perform better between
time periods than will any model
with a recursive structure
In a second dynamic simulation

run, we did not'include the previ-
ously descnbed regional restraints
but used instead four regression
equations represenling corn, soy-
bean, oat, and wheat production
responses to generate the nght hand
side values of the regional restraints
for lowa The hybnd model gave the
same estimation of national produc
tion as the CED-CC model Further-
more, we made significant improve-

ment 1n simulating regional (Iowa)
crop production, as judged by the
values of the root mean square error
(RMSE) This outcome demonstrates
that 1f we use a regional response
function that 1s better estimated
econometrically, the hybnd model
will yield better estimates of national
and regional production and price

CONCLUSION

The need for a policy model with
space and time charactenstics of
prnice, production, and resource use
has led to the development of -hybnd
models combining econometric and
programmng components The Re-
cursive Adaptive Programming (RAP)
hybnd model 1s the most sophisti-
cated method of inking econometnc
and programmng components It
uses a programming component.to

validate the estimates by the econo-
metnc component and adjusts the
estimates when they fall outside the
feasible production region

The static stmulation tests of RAP
show 1t performs well in estimating
comn and soybean production at both
national and regional (lowa) levels,
but they show inconsistencies in
estimating production of oats.and
wheat The dynamic ssmulation
tests show that both national and
repional (lowa) estimates follow the
general movement of the observa-
tions but have cumulative error The
model could be used as a national
model if the bounds of regional
restraints were relaxed The regional
restraints need to be improved con-
siderably, before a high degree of
confidence can be attached to the
region specific results of the RAP
model



Flgure 1

Corn: Pertormance of Hybrid and
CED-CC Models Compared with
Actual Observations
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Sdybeans: Performance of Hybrid
and CED-CC Models Compared
wiih Actual Observations
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' Flgure 3

| Oats: Performance of Hybrid and
' CED-CC Models Compared with
Actual Observations
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Figure 4

Wheat: Performance of Hybrid and

CED-CC Models Compared with
Actual Observations
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