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MODEL VALIDATION AND THE PHILIPPINE
PROGRAMMING MIODEL

By Gil R. Rodriguez, Jr., and David E. Kunkel*

The use of programming models to
analyze the economic 1mplications
of supply and demand shifts for the
agricultural sector of developing
countries has increased significantly
Notable models are those by Duloy
and Norton (4), Pomareda (16),
Cappy, Fletcher, and others (3),
Miller and others (14), and Heady
{9) 1 These models use an objective
function that incorporates supply
and demand functions to simulate
competitive market equibbrium

Despite the substantial invest-
ment in technical skills and data-
processing mputs, valtdation of
sector programming models 15
rarely discussed explicitly Nugent
was the first analyst to test the
rehabiity of programming models
(15) His work can be summanzed
in two proposifions
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This research demonstrates the
need and the procedure for testing
sector programming models It com-
pares the model estimates of endoge-
nous vanables to carefully selected
base period parameters It uses an
operational, static, deterministic,
and highly aggregate programming
model of Philippine agriculture as
the framework Alternative formula-
tions of the Philippine model are also
examined for possible errors in the
consumption, production, and ob-
jective function data sets
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1 If a market in the real world
approximates a competitive
condition closely, any devia-
tion—for that market—of the
results of a programming
model from an existing observ-
able empincal data base
represents model specification
errors

2 If the programming model
simulates a competitive market
solutton, but the real world
situation being modeled has
market itnperfections, then
these imperfection are likely
responsible for some defi-
cienctes 1n the predictive
abihity of the programming
framework

Recent works by Duloy and Norton
(4} and Kutcher (I3) have employed
both propositions to validate the
Mexican agncultural sector (CHAC)
model Later Shumway and Talpez

AGRICULTURAL ECONOMICS RESEARCH/VOL 32, NO 2, APRIL 1980

(17) concentrated on the first propo-
sition when examining the output
of a model of major crops in Califor-
ma

In this article, we use Nugent’s
first proposition to validate the
optimal levels of production,
exports, imports, and the shadow
prices of commodities and resources
it 1s our principal objective to illus-
trate the validity tesis conducted
onh a programming model of the
Philippine agricultural sector known
as MAAGAP 2

THE STRUCTURE OF
THE PHILIPPINE MODEL

MAAGAP, » highly aggregate,
static, and deterministic model,
mcludes nce, comn, sugar, coconuts,
vegetables, and livestock products
that collectively accounted for
about 90 percent of the total value
of Philippine agnicultural commod-
ities in 1976 Detailed discussion of
the data set appears 1n Gonzalez and
Kunkel {(9) MAAGAP was developed
in Project ADAM (Agncultural
Diversification and Markets) with the
assistance of both Fihpimo and U 8
agricultural economists

The MAAGAP model forms an
important part of the agncultural
policy analysis system within the
Philippine Bureau of Agnicultural
Economics The model has'been used
for several policy analyses, such as
the fertihzer subsidy analysis and the
evaluation of supply and demand

2MAAGAP, a Filipino word whech
means alert, stands for Model Analysis
of Agricultural Adjustments in the
Philippines
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projections estimated by the Na-
tional Economic Development
Authonty (NEDA) The most impor-
tant papers published dunng the
model development were by
Atkinson and Kunkel (1) Kunkel,
Gonzalez, and Hiwatig (11), Gonzalez,
Kunkel, and Alix (8), Ferrer (6),
Atkinson and Kunkel (2), Foote (7},
and Encamacion (5) The objective
functton for the MAAGAP model 15
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where the variables for this model
are defined n table 1

Equation (1} simply sums the
areas under the demand curves and
contamns the value of exports minus
the costs of imports, incidental
production 1tems, input supply, and
feed-mixmg processing The objective
function simulates a competitive
market by using stepped demand
functions

The step demand functions are
formed by grid linearization of

. o
J
¢ - f P,dC,,
[a]

Thus, the 1th step 1s the sum of the
area under the demand curve up fo
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Table 1 — Variables in the Philippine Programming Modeis

Endogenous

P, = f (CIYJ 1s the inverse demand function for the sth final product ;
CI = c;omesuc consumpuon of the yth product

E = quanuty of the sth product exporied

1 = amount ol the sth commodity wmporied

)(n = production levels of the ath production activity

Flk = amount supplied of the kth input

Fr = amount of the rh feed rauon supplied

0’ = activity level of the sth final product transferred

Mm = actlwtv'level of the mth processing activity

nQ; = ghadow prices of the Qth absolute land class used in production of the

4th product

* = indicates equihbrium value

Exogenous

Y = ncome level

VJ = export price of the sth product

ul = mport price af the sth commodity

we = Input cost of the kth input supplying activity

f[ = umit cost of the th feed-mixing activity

g] = unit marketing margin of the jth final product

bm = unit processing cost for the mh processing activity
cn = muscellaneous cost of the nth production activity

All input-autput coefficients are posiuve

the quantity C; The convex combi-

nation constraint allows only the *
corresponding quantity (C}) to be . A.’.Pj aC,
sold In the optimum solulron the p¥ = —AC \

shadow price 15



Thus, only one point on each
demand, supply, or transformation
function s vahdated

where A P dC] 1s the change 1n

the value of the objective function
between steps, and AC, 1s the change
m the quantity demanded Thus, by
this formulation of the programming
problem, margmal price {shadow'
price} of output 15 equal to the
average price, or the intersection of
the supply and the demand curve

In a competitive market solution
Kunkel, Gonzalez, and Hiwatig (1)
and Norton (4) prowide illustrative
examples

Such an objective function impiies
the following individual behavioral
assumptions

1 Farmers are technically effi-

cient and governed by profit-
maximizing behavior

2 Farmers are pncetakers in the

input and commodity markets
The mcome vaniable appears
tn the demand function (P ),
income shlt‘ts are conmdered
exogenous 3 Because the
Philippines 1s generally a price-
taker in international markets,
export (u ) and import (u )
pnices are taken as given

The product price function (P )
does not contain any cross price
elasticity tetms They can easily
be included through aggregation
of commodities into composite
groups The formulation used allows
substitution possibiltties within a
group but not across groups Solu.
tions which allowed substitution
In the consumption set were found
1n computer runs not to be signifi-
cantly different from ones that did
not

3The model does not capture the
income mmpacts on the farmers’ and
the other sectors’ expenditure
patterns within a fimte time period

The objective function 1s max)-
muzed subject to a set of constraints
defining production, processing, and
marketing These constrainis are
reported by Kunkel and others (3) 4
The model structure 1s shown in
figure 1 Programming models for
policy analysis are sensitive (par
ticularly the shadow prices of fixed
resources) to specification and
measurement errors The use of a
programming framework imposes
strong conditions on vanables in the
optimum soiution If the actual
model specification used differs
from the theoretical specifications
of a perfectly competitive model,
equihbrium shadow prices may be
biased throughout As shown by
Kunkel, Gonzalez, and Hiwatig,
the marginal revenue product of afl
resources used 1n each production
process 1s equal to resource cost
(11, p 6) Mathematically, this can
be expressed as

P\uk Quk :71 (2)

where A, 1s the marginal cost of the
tth product from the k£th production
process, Q; & 15 the first denvative
for the kth production process of
the :th product and sth resource, and
v, 18 the 1nput cost of the sth re
source

Whenever price or quantities of
inputs supplied or products
demanded are flxed a pnor: then

neither A , = P norvy, = w‘r will

4This report 1s available from the
authors on request Overall, the
MAAGAP model contamed 158 rows
and 504 eolumns (activities) for the
1976 base

hold ® For example, when resource
levels are fixed, as with land m
MAAGAP, the shadow price of land
may differ from the actual competi-
tive market price To help detect any
biases due to measurement and
specification errors, the analyst must
validate the model against a base
period

VALIDATING THE
PHILIPPINE MODEL®

The validation procedure com-
pared the MAAGAP results to actual
base period levels for the set of
endogenous vanables (table 1) The
base period, 1976, was chosen as
bemg most representative of recent
years We are considering cross-
section data and are not vahidating
the abiiity of the model to capture
turning points over a time path

Thus, only one point on each
demand, supply, or transformation
funcfion ts validated

Data limitations made 1t difficult
to determine some of the base
period resource levels and pnces
(RgF;and Il in table 1) For ex
ampie, land prices are acquisition
costs, and the corresponding shadow
prices are rates of return To evade
taxes, landowners usually undervalue
prices on property not being soid
The major input which can be
validated 1s the level of fertilizer use

5Note that 1n this case P¥and wk
are markel equilibrium prices on
demand and input supply curves See
(5) for more deta)

$The validation tests performed
in the Philippine mode! were influ-
enced partly by the earlier work of
Kutcher (13) on the consistency
tests of the Mexico — Pactfic North-
west Regional Model
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Figure 1

Schematic Diagram of the Adam National Model
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The endogenous vanables subjected
to a close scrutiny were agricultural
market price (P*), imports (1),

and production levels (X,,,)

The first test involves a check
on the production capacity (implic
itly invelving also the input-output
coefficients) of the model This s
accomplished by treating final
domestic commeodity demand as
perfectly elastic at fixed price levels
If a given commodity 1s partially
or totally imported by the model
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(when, in fact, it 1s not imported
1n the base period), this implies
an underestimate by the model
of actual capacity That s, the
productton vector may be too
“expensive "’ The reverse holds true
for “excessive” exports of a given
commodity

The second validation test entails
redefining the model’s objective
function as the mmmuization of
the costs of produeing domestic
output levels in the base penod

This ts accomplished by fixing the
level of domestic and foreign demand
for all products at base penod levels
The shadow prices generated:m the
commodity balance equation are
then marginal costs To validate the
model’s assumption of a competitive
structure, one then compares these
with the base period market pnces
The third, and final test, compares
the full model results with data for
the base period The models corre-
sponding to these tests are called the



We found a high correlation be-
tween the crop prices estimated
from the full mode! and the actual
. prices for 1976

fixed demand, cost mimimization,
and full model
In these validation tests, the
following measures are used to judge
how closely the model approximates
the base period
1 The correlation between the
model denved commodity out-
puts and prices and those

observed for 1376
2 A simple regression of the

form,7
Y, -atb ¥, (3)

where Y s the observed
value, and Y, 15 the
model-estimated value

For this test, the model results
and real world data on the
varous agricultural commodity
outputs and prices will have a
correlation of one (or, equiva-
lently, the expected value
E{@)=0andE(b)=1mn
equation (10) if the objective
function, production, con-
sumption, and constraints

sets of the model are 1deal)

TThe regression form 2nY, =
{na + binY, was also estimated to
determine nonlinear biases, but
results were not significantly differ-
ent from the linear case A serious
himitation arising from using equa
tion (10} (or its log transform) 15
that formal stat:stical tests of signifi-
cance cannot be apphed to the
regression parameters because the
model] estimates are not independent
Such parameters should merely be
interpreted as informal measures of
goodness of fit and model biases

3 The Information Inaccuracy
Index, that 15

Y, Y,,)=

Z Yao [h(YIO)- h(Yxm”
=1

where Ym =
n
YIO',I Z YIO Yro >0
1=
Y:m -
n
Y:m‘r Z Y:m Ynm >0
=1

h(¥ o) = (X))

h(Ylm) = Qne(Ylm)

The Information [naccuracy
Index was developed by
Tilanus and Theit to evaluate
the estimation errors of the
endogenous variables 1n an
input output model Therr
rationale 1n developing the
index was that “  errors

in less important vanables are
welghed less heavily than the
same relative errors in the more
important ones ’ A high value
for the Information Inaccuracy
Index (which does not have an
upper and lower bound) indi-
cates a detenoration of the
estimation capability of the
model A perfect model would
result n E(Y,, Y, )=0

However, the cntical value that
separates ‘“pass’’ from ‘‘fail”’ depends
largely on the utility function of the
researcher A logical criterion which
the researcher can use 1n selecting a
cntical value may depend on an
awareness of the marginal retums
from the model’s improvement and
the value of the marginal effort

Crop production and price esti-
mates from various alternative model
formulations are compared with
observed data 1n table 2 Table 3
gives the regression and correlation
parameters used as indicators of
goodness of fit for the Linear model 8
The hnear regression results indicate
two types of directional biases, as ¢
and b are either less than or greater
than 1 0 The first type (Tq In fig-
ure 2)1s that used for small values
of the relevant base peniod data (Y,)
the model’s estimations are biased
upwards The reverse is true for
larger values of Y, The second type
of as (Tg 1n figure 2) 15 one 1n
which all the model's estimates are
biased upward if the constant term
is positive  As indicated by table 3,
the futl and'fixed demand modei’s
estimates of crop prices belong to
the second bias type This 1s not the
case for the cost mimimization

model
The full model’s estimate of crop

production 1s also To However, the
crop area and production estimates
of the fixed demand model are of the
first bias type The latter type 15 also
present 1n the full model’s deter-
mined crop prices and 1n the cost
minimization model’s generated crop

8Standard errors are given for
informational purposes only and
shouid not be used for formal
statistical testing See footnote: 7
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Table 2 — Crop area, production, and prices of alternative model formulauons

Actual Area Actual Production Actual Prices
Crop base Full Fixed base Full Fixed base Foll Fixed Cost
period model dernand period model demand period moedel | demand minimization
1,000 hectares - - 1,000 milhan tons - - - - - Pesos/kg ---

Palay {rough rice} 35793 41980 41732 6,159 6705 €710 094 101 100 118 ,
Carn 32570 31693 31440 2,767 3,119 2960 g4 52 33 50 ‘
Sugarcane 5330 538 6 538 6 2514 2455 2,455 194 189 189 264 |
Coconut 255212 23870 23870 10662 8619 1,730 188 3183 3163 3335 '
Banana 208 7 244 7 2245 1 3068 954 875 41 38 38 50
Cahbage 81 151 180 54 64 69 1563 146 144 151%
Pet.‘hta!\r1 45 67 73 37 25 27 140 135 120 149
Tomatoes 210 219 266 183 79 96 204 153 156 183
Eggplant 162 265 321 82 99 120 97 113 109 116
Camaote 1923 1960 2433 781 687 745 42 64 61 61
Cassaval 1180 1505 163 2 621 464 503 38 33 33 38

VL eafy vegetable
2Root vegerabla
3Copra equivalent price

Note 730=%100

Source Philippine Sugar Commussion (PHILSUCQOM), Bureau of Agricultural Economics {(BAEcon}, Philippine Coconut

Authority (PCA)

prices Judging from the standard
errors for b and the correlation
coefficient (r) given in table 3, the
full model seems to perform better
than the other model formulations
for area and pnce but not for
production
The log linear regression results
indicate the full and fixed demand
model’s estimates of crop areas
have a nonlinear bias.downward
for small values of 2n Y, and a non-
linear bias upward for large values
We found a high correlation be
tween the crop prices estimated
from the full model and the actual
prices for 1976 Thus supports the
plausthihity of assuming the competi-
tive market structure of the
Phulippine model However, for
coconuts a large gap occurred 1n the
cost mimimization model (table 2)
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This gap can be attributed to data
errors which had the following
causes
1 The conversion rate was over-
estimated, a rate of 4 § per
kilograms (kg ) of copra (coco
nut meat) was used
2 The domestic coconut o1l
demand was overestimated by
65 percent due to a data error
3 The coconut hectarage con-
straint was underestimated by
5 3 percent
4 The export levels set up for
coconut oil and copra may
have been too high due to the
absence of any stock adjust-
ments
The coconut data misspecification
will ikely affect the shadow pnces of
other major agncultural commodities,
particularly sugarcane

A general reason for the prices of
the cost mmmzation model deviat-
ing from the actual prices 1s that, by
dropping the first and second terms
which allow market pricing of output
from equation (1), we are utihzing
the total model structure informa-
tion less efficiently Graphically, this
means that if we disregard D1 1n
figure 3, the probability of estimat-
ing the “true” market price (P1)1s
low If Sp1s the implicit supply func-
tion generated by the cost mimimiza-
tion model, the error in price estima-
tion 15 the area ab P P (fig 3)

The low model price for com
{0 50 pesos per kg ) compared with
the observed pnice (0 94 pesos per
kg ) can be atiributed to a possible
downward bias in the model’s esti-
mate of the cost of produemg cormn
The problem is partly caused by the



The full model predicts the crop
production proportions well in
comparison unth the fixed demand
framework

O
Table 3 — Regression results for actual versus model fevels' difficulty of determintng the appro-
pnate spatial aspects of corn produc-
He:olctjzlnd a b r tion vectors
For the production capacity test,
Area the fixed demand model solution
Full model 3249 0930 09928
2{ 0373 registered 40,800 metnc tons of
commercial broiler imports How-
Fixed demand 1051 69 941 5688 ever, as no broilers were imported
( 45} by the Philippines in 1976, the
domestic commercial broiler produc-
Production -
Eull madei 148 80 t 086 9665 tion activities incorporated n the
{ 0961} Philippine model may be too expen-
sive, that implies an upward bias 1in
Fixed demand 2493 938 9927 the pneing of such activities Com-
109 paring the export levels of coconut
Prices and sugar products with the base
Full model 00138 1079 8370 levelsindicates an ‘‘over-capacity”
(134) for centnfugal sugar (1 720 rullion
Fixed demand 0965 1018 9157 metrie tons (mmt) versus 1 455 mmt)
{ 149) whereas the reverse holds for mo-
lasses {0 657 mmt versus 0 792 mmt)
Cost minimization 4032 56 8413 and copra meal (b 170 mmt versus
{120}

1Based on table 2
Numbers in parentheses are standard errors

Figure 2

lllustration of Linear Directional Biases
Yo T,E(@>0,E(R)>1

Yo = Base period data
Ym = Model estimates
Perfect forecast E(a) = 0,E(b) = 1

TNT,Ef@) 0, E () 1

Ym

0 497 mmt)

Table 4 gives usage levels obtained
from the model formulations All
three models overestimated the levels
of feritlizer use, probably as a result
of aggregation error because produc-
tion veetors are based on farm survey
data However, the full model did
well 1n predicting directions of
change n fertilizer pnices The full
and the fixed demand models per-
formed better than the cost mimm-
zation model in predicting nitrogen
and potash consumption m 1976 9

9Nitrogen is considered the most
important fertilizer nutrient in the
Philippines Experiments conducted
by the Bureau of Soils {BS), the
Philippine Sugar Commission
(PHILSUCOM), and the Interna-
tional Rice Research Institute (IRRI)
show that most ¢rops responded
favorably compared with their re-
ponse to potash and potassium
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Figure 3

Market Equilibrium in the
Cost Minimization Model

Price’ S,

Import
price F2

Py

Qg Quantlty

Although no formal level of
significance can be attached to the
information parameters provided
1n table 5, the full model predicts
the crop production proportions
well in comparison with the fixed
demand framework The full model
incurs a relative information, loss of
-3 75 percent, compared with the
fixed démand model’s loss of -20 74
percent All model types perform
well 1n estimating the crop prices
The Information Inaccuracy Index
(in absolute terms) ranges from 2 02
percent to 4 92 percent

CONCLUSIONS

Programming models are rarely
subjected to validation lests In this
article, we have shown that consis-
tency checks on the shadow pnces
of programming solutions are useful
because any misspecifications Iin re-
source constraints or prices will tend
to affect shadow prices

Tests of a programming mode] of
Philippmne agriculture revealed biases
in the production, consumption,
constraint, and objective function
sets Each model compared repre-
sented a unigue theoretical struc
ture from which to test for inconsis
tencies The fixed demand model
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Table 4 — Ferulizer usage levels under alternative model assumption

Model formulation

Fertiluzer Full Fixed Cost Actual
. 1976
odel demand minimization
1,000 metric tons
Nitrogen (N} 178 180 195 152
Phosphorous (P205) 92 84 82 38
Potash (KZOI 68 68 103 55

1F'a-rtlllzer and Pesticides Authority

appeared to have significant biases
in the crop production vectors for
commercial brotlers, corn, and copra
meal The wide dispanty between the
cost mimmization model’s coconut
shadow pnees and the actual pnce in
1976 helped to 1dent:fy measure-
ment errors

The numerical measures used to
judge how well a specific program-
ming model approximate the Philip-
pine agricultural conditions in 1976
were simple correlation coefficients,
regression of actual versus model
results, and the Information Inaccu-
racy Index Based on these indices,

the full model outperformed the
others

Vahdating resource usage and
price levels of the MAAGAP model

was himited to fertihizer use, a limita-

tion dictated by the availability of
the basic data The Lhree models’
compansons of the estimated fer-
tilizer nutnents with actual 1976
levels indicate that all these models
overestimated use Nevertheless,
the full and fixed model’s yields of
nitrogen and potash consumption
levels were more accurate than
those determined by the cost
minimization model

Table 5 — Information indices for evaluating the relative magnitude of
estumation errors 1n the model types

Informauon | Expected Reletive
Endogenous variables Model type inaccuracy |informauon | information
Index content] content?
Crop area Full model -0 01219 14811 082
Crop area Fixed demand - 0103 1 6654 375
Crop production Full model - 0624 1 6654 2074
Crop production Fixed demand - 3454 1 6654 2074
Crop prices Full model - 0202 2 2569 a:1e]
Crop prices Fixed demand - 0377 2 2569 167
Crop prices Cost mimimization -~ 0492 2 2569 218

1Computed as

n
H(YIO) = ‘§1 Yth (YIO)

2Computed as

“(Yole) H(Ym] X 100

)
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