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MODEL VALIDATION AND THE PHILIPPINE 


The use of programmmg models to 
analyze the economic Implications 
of supply and demand'shlfts for the 
agncultural sector of developmg 
countnes has Increased significantly 
Notable models are those by Duloy 
and Norton (4), Pomareda (16), 
Cappl, Fletcher, and others (3), 
Miller and others (14), and Heady 
(9) 1 These models use an objective 
function that mcorporates supply 
and demand functions to simulate 
competitive market eqUlhbnum 

Despite the substantial mvest· 
ment 10 technical skills and data
processIng inputs, validatIOn of 
sector programmmg models 15 

rarely-discussed exphcltly Nugent 
was the first analyst to test the 
rehablhty of programmmg models 
(15) H,s work can be summanzed 
m two propositions 

*GII R Rodriguez., Jr 18 a Semor 
EconomlSt In the Bureau of AgrJ 
cultural Economics, PhIlIppme 
MIDlstry of Agriculture David E 
Kunkel was formerly an ESCS 
resident consultant who 16 With the 
Foreign Agricultural Service, U S 
Department of Agriculture (USDA) 
The research reported was funded 
under Project ADAM, a Jomt USDA
Bureau of Agricultural Economics 
undertakmg Fundmg was proVIded 
by the Agency for International 
Development, the Philippine Na
tional SCience and Development 
Board, The Phlhppme Councd for 
Agricultural Research, and the 
Republic of Phlllppmes Mmistry 
of Agriculture The aulhors wish to 
acknowledge comments from Jerry 
A Sharples, Clark Edwards, and 
Mark Rosegrant The views expressed 
here do not necessarily reflect those 
of the PhIllppme MInistry of Agri
culture or USDA 

1 italiCized numbers ID parentheses 
refer to Items In References at the 
end of thiS article 

PROGRAMMING MODEL 

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

ThIS research demonstrates the 
need and the procedure for testing 
sector programming models It com
pares the model estimates of endoge
nous variables to carefully selected 
base period parameters It uses an 
operational, statiC, detemnnlstlc, 
and highly aggregate programming 
model of Ph~lppme agriculture lis 
the framework AlternatIVe fonnula
tlons of the Ph,hppme model are also 
examined Cor pOSSIble errors In the 
consumption, productIOn, and ob
Jective functIOn data sets 
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1 	 If a market 10 the real world 
approximates a competitive 
conditIOn closely, any deVIa
tIOn-for that market-of the 
results of a programmmg 
model from an eXlstmg observ
able empmcal data base 
represents model specification 
errors 

2 	 If the programmmg model 
sImulates a competitive market 
solutIOn, but the real world 
situation bemg modeled has 
market Imperfections, then 
these Imperfection are likely 
responsible for some defi
CienCies In the predictive 
ablhty of the programmmg 
framework 

Recent works by Duloy and Norton 
(4) and Kutcher (13) have employed 
both proposilions to validate the 
MeXICan agricultural sector (CHAC) 
model Later Shumway and Talpez 

(17) concentrated on the first propo
Sition when exammlng the output 
of a model of major crops m Callfor
ma 

In thiS article, we use Nugent's 
first prOpOSition to validate the 
optimal levels of production, 
exports, Imports, and the shadow 
pnces of commodities and resources 
It IS our prmclpal objective to IUUS

trate the validity tests conducted 
on a programmmg model of the 
Phlhppme agricultural sector known 
asMAAGAP 2 

THE STRUCTURE OF 
THE PHILIPPINE MODEL 

MAAGAP, a highly aggregate, 
static, and detenmmstlc model, 
Includes nce, com, sugar, coconuts, 
vegetables, and hvestock products 
that collectively accounted for 
about 90 percent of the total value 
of Phlhppme agncultural commod
Ities m 1976 Detailed diSCUSSion of 
the data set appears 10 Gonzalez and 
Kunkel (9) MAAGAP was developed 
10 Project ADAM (Agncultural 
DiversificatIOn and Markets) With the 
assistance of both Flilpmo and U S 
agncultural economists 

The MAAGAP model fonns an 
Important part of the agncultural 
pohcy analysIs system wlthm the 
Phlhppme Bureau of Agncultural 
Economics The model has'been used 
for several pohcy analyses, such as 
the fertlhzer subSidy analysIs and the 
evaluatIOn of supply and demand 

2MAAGAP, a FllIpmo word which 
means alert, stands for Model Analysts 
of Agricultural Adjustments In the 
Phlhppmes 
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projectIOns estimated by the Na
tional Economic Development 
Authority (NEDA) The most Impor
tant papers publIShed dunng the 
model development were by 
Atkmson and Kunkel (1) Kunkel, 
Gonzalez, and Hlwatlg (1 J), Gonzalez, 
Kunkel, and Ahx (8), Ferrer (6), 
Atkmson and Kunkel (2), Foote (7), 
and EncarnaCion (5) The obJec~tlve 
function for the MAAGAP model IS 

+~uE-~uI 
} -}} } },} 

(1) 

where the van abies for this model 
are defined In table,! 

EquatIOn (1) simply sums the 
areas under tl}e deIlland curves ~lld 
contains the value of exports mmus 
the costs of Imports, incidental 
production Items, Input supply, and 
feed.mlxmg processing The objective 
function Simulates a competitive 
market by usmg stepped demand 
functIOns 

The step demand functions are 
fanned by gnd lInearizatIOn of 

Thus, the Ith step IS the sum of the 
area under the demand curve up to 

Table 1 - Variables In the PhilipPine Programming Models 

Endogenous 

P 
/ 

f Ie Y) IS the Inverse demand function for the Jth fmal product 
,I 

C, domestic consumptIOn of the Jth product 

E 
J 

quantity of the Jth product exported 

I 
J 

amount of the Jth commodity Imported 

Xn production levels of the nth production activity 

amount supplied of the kth Input 

amount of the nh feed ratron supplied 

activity level of the /th final product transferred 

actlvltY'level of the mth processrng activity 

shadow prices of the 12th absolute land class used In production of the 
Jth product 

IndicateS equrllbrrum value 

Exogenous 

y Income level 

V export prrce of the /th product
J 

Import pnce of,the Jth commodity 

Input cost of the kth Input supplYing activity 

'r ,unrt cost of the tth feed-mlxlng activity 

9/ unit marketing margrn of the /th frnal product 

b unit processrng cost for the mth processing activity
m 

en miscellaneous cost of the nth production activity 

All Input-output coeffiCients are pOSItive 

the quantity C; The convex combi
nation constramt allows only the 
correspondmg quantity (e' ) to be 

P' =sold In the optimum solu/IOn the 
shadow price IS 
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Thus, only one pomt on each 
demand, supply. or transfornUJtlon 

functIOn IS validated 

where l1 del IS the change 10Pj 

the vaJue of the objective fUnctIOn 

between steps, and .o.C, IS the change 
m the quantity demanded Thus, by 
this ConnulatlOn of the programmmg 
problem, margmal price (shadow' 
price) of output IS equal 10 the 
average prlCe. or the mtersectlOn of 
the supply and the demand curve 
In 8 competitive market solutIOn 
Kunkel, Gonzalez, and Hlwahg (J 1) 
and Norton (4) prOVIde IllustratIve 
examples 

Such an objective functIOn Impiles 
the followlOg IOdlvldual behavIoral 
assumptIOns 

1 	 Farmers are techmcally effi
cIent and governed by profit 
maxlmlzmg behavIOr 

2 	 Farmers are pncetakers In the 
Input and commodity markets 
The mcome varIable appears 
10 the demand functIOn (P

j 
), 

Income shifts are considered 
exogenous 3 Because the 
Phllippmes IS generally a prlCe
taker In InternatIOnal markets, 
export (u ) and Import (u )

j j 
pnces are taken as gIven 


The product pnce functIOn (P )

j

does not contam any cross pnce 
elasticity terms They can eaSily 
be mcluded through aggregatIOn 
of commodities Into composite 
groups The formulatIOn used allows 
substitutIOn pOSSibilities within a 
group but not across groups Solu
tIOns which allowed substitution 
In the consumption set were found 
In computer runs not to be Signifi
cantly dIfferent from ones that dId 
not 

3The model does not capture the 
Income Impacts on the farmers' and 
the other sectors' expenditure 
patterns within a flDite time period 

The objective functIOn IS maxi
mized subject to a set of constramts 
defining production, processing, and 
marketing These constramts are 
reported by Kun kel and others (3) 4 
The model structure IS shown In 

figure 1 Programmmg models for 
pohcy analysIs are senSItIve (par 
tlcularly the shadow prices of fixed 
resources) to speCificatIOn and 
measurement errors The use of a 
programming framework Imposes 
strong conditIOns on van abies In the 
optimum solutIOn If the actual 
model speCificatIOn used differs 
from the theoretICal speCificatIOns 
of a perfectly competitIve model, 
equlhbnum shadow pnces may be 
blOsed throughout As shown by 
Kunkel, Gonzalez, and Hlwatlg, 
the margmal revenue product of all 
resources used In each production 
process IS equal to resource cost 
(II, P 6) MathematIcally, thIS can 
be expressed as 

(2) 

where "A,k IS the margmal cost of the 
lth product from the kth productIOn 
process, Q;Jk IS the first derivative 
for the kth productIOn process of 
the Ith product and Jth resource, and 
'Y) IS the mput cost of the Jth re 
source 

Whenever pnce or quantities of 
mputs supplied or products 
demanded are fixed a prIOri, then 
neither "A,k = PI* nor 'Y) = w)* Will 

'ThiS report IS available fro-m the 
authors on request Overall, the 
MAAGAP model can tamed 158 rows 
and 504 columns (actiVIties) for the 
1976 base 

hold 5 For example, when resource 
levels are fixed, as with land m 
MAAGAP, the shadow p"ce of land 
may differ from the actual competi
tive market price To help detect any 
biases due to measurement and 
speCificatIOn errors, the anaJyst must 
vahdate the model agamst a base 
period 

VALIDATING THE 

PHILIPPINE MODEL 6 


The validatIOn procedure com
pared the MAAGAP results to actual 
base period levels for the set of 
endogenous vambles (table 1) The 
base perIOd, 1976, was chosen as 
bemg most representative of recent 
years We are consldermg cross
section data and are not validating 
the ablhty of the model to capture 
turning pomts over a time path 

Thus, only one pomt on each 
demand, supply, or transformation 
functIOn IS vahdatpd 

Data lImitations made It difficult 
to determme some of the base 
period resource levels and pnces 
(RkFt and nlj 10 table 1) For ex 
ample, land pnces are acquISItion 
costs, and the correspondmg shadow 
prices are rates of return To evade 
taxes, landowners usually undervalue 
prices on property not bemg sold 
The major Input which can be 
valIdated IS the level of fertilizer use 

5Note that In thiS case Pt and wt 
are market equilibrium prIces on 
demand and mput supply curves See 
(5) for more detaIl 

6The validatIOn tests performed 
In the Phlhppme model were mflu
enced partly by the earher work of 
Kutcher (13) on the consistency 
tests of the MeXICO - PaCific North
west RegIOnal Model 
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Flgur. 1 

Schematic Diagram of the Adam National Model 
Primary 

Resources production 

-1 Rice 

-

41 ICorn 

1Sugarcane 

B -4 Coconut 

B H IFruits & 
vegetablesB 

HAootcrops\ 

H Hogs 

Poultry 

The endogenous vanables subjected 
to 8 close scrutmy were agr!cultural 
market pnce (P*), Imports (Il ), 
and productIon levels (Xm) 

The first test Involves a check 
on the productIon capacIty (Imphc 
Itly involving also the Input-output 
coefficIents) of the model Th,s IS 
accomphshed by treating final 
domestic co~modlty demand as 
perfectly elastic at fixed pnce levels 
If a goven commodIty IS partIally 
or totally Imported by the model 

Crop livestock Food 
Processing linkage consump1ion Import Export

jicomm""'1 ..0= u• ~ 

. o·rfl' yardAlce mll~lng Flleds 0I t..;-eedS t 11= u :5 ~-= 
Alc~ II ~;~~~~an 

I Corn milling 

,.---1 Grll I Corn 
bra.n 

Sugar milling 

---1 Sugar I I Molasses 

Copra and 011 
proceSSing 

Rellned\\ ~rud~~opr~all all meal· I 

(when, In fact, It IS not Imported 
In the base penod),'thls Imphes 
an underestimate by the model 
of actual capacIty That IS, the 
production vector may be too 
"expensive" The reverse holds true 
for "excessive" exports of a given 
commodIty 

The second validation test entaIls 
redefinmg the model's objective 
function as the mmlmlzatlOn of 
the costs of producmg domestic 
output levels In the base penod 

rn uuo 

Nallonal 
demand 

Th,s IS accomphshed ,by fixmg the 
level of domestIc and foreIgn demand 
for all products at base penod levels 
The shadow pnces generated~m the 
commodity balance equation are 
then margmal 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 penod The models corre
sponding to these' tests are called the 
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We found a h,gh correlatIOn be
tween the crop prices estImated 

from the full model and the actual 
pnces for 1976 

fixed demand, cost minimization, 
and full model 

In these validatIOn tests, the 
followmg measures are used to Judge 
how closely the model approximates 
the base period 

1 	 The correlation between the 
Illodel denved commodity out
puts and pnces and those 
observed for 1976 

2 A simple regressIOn of the 
form,7 

Y 	 ~a+bY (3)
o m 

where 	 Yo IS the observed 
value, and Y m IS the 
model-estImated value 

For this test, the model results 
and real world data on the 
vanous agricultural commodity 
outputs and pnces will have a 
correlatIOn of one (or, equiva
lently, the expected'value 
E(a)=OandE(b)~11n 

equatIOn (10) If the objective 
functIOn, productIOn, con
sumption, and constraints 
sets of the model are Ideal) 

7The regressIOn form .QnYo = 
~na + blnY was also estimated to m 
determme nonhnear biaseS, but 
results were not slgmflcantly differ
ent from the lmear case A seriOus 
hmltation arising from usmg equa 
tlOn (10) (or Its log transform) " 
that formal statistical tests of slgmfl
cance cannot be apphed to the 
regression parameters becauSe the 
model estimates are not Independent 
Such parameters should merely be 
Interpreted as mformal me81iures of 
goodness of fit and model biases 

3 	 The In formation Inaccuracy 
Index, that IS 

n

L Y [h(Y ) - h(Y,m )),O 	 IO 
1=1 

where Y ,O = 

Y ~ 
1m 

h(Y ) ~ Qr,e(Y )
IO ,o 

h(Y,m) c Qne(Y,m) 

The Infonnatlon Inaccuracy 
Index was developed by 
Tllanus and Theil to evaluate 
the estimation errors of the 
endogenous variables In an 
Input output model Their 
ratIOnale In developing the 
Index was that" errors 
In less Important vanables are 
weIghed 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 detenoratlOn of the 
estimatIOn capablhty of the 
model A perfect model would 
result In E(Yo ' Y m ) ~ 0 

However, the cnbcal value that 
separates "pass" frol!l "fall" depends 
largely on the utlhty function of the 
researcher A logical cntenon which 
the researcher can use In selecting a 
cntlcal value may depend on an 
awareness of the marginal returns 
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 In table 2 Table 3 
gives the regression and correlation 
parameters used as indicators of 
goodness of fit for the hnear model 8 
The hnear regressIOn results mdlcate 
two types of directional biaseS, as a 
and b are either less t!t8.{l or greater 
than 1 0 The first type (T 1 In fig
ure 2) IS that used for small values 
of the relevant base penod data (Yo)' 
the model's estimations are biased 
upwards The reverse IS true for 
larger values of Yo The second type 
of bias (T 2 In figure 2) IS one In 
which all the model's estimates are 
biased upward If the constant terlll 
IS pOSItive As indicated by table 3, 
the full and'flxed demand model's 
estimates of crop prIces belong to 
the second biBS type This IS not the 
case for the cost minimization 
model 

The full model's estimate of crop 
productIOn IS also T2 However, the 
crop area and production estimates 
of the fixed demand model are of tl!e 
first bias type The latter type IS also 
present 10 the full model's deter
mmed crop prices and In the cost 
mlOlmlzatlOn model's generated crop 

8Standard errors are gIVen for 
informational purposes only and 
should not be used for formal 
statistical testIng See footnote,7 
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T,~ble 2 - Crop area, production, and prices of alternative model formulauons 

Area Production Prices
Actual Actual Actual 


Crop base base base 

period Full I Foxed period Full I Foxed period Full I Foxed I Cost 

model demand model demand model demand mmLlTHzatlon 

7,000 hectares - - - 1,000 mlf/Jon tons - - - Pesos/kg 

Palav (rough rice) 35793 4198 a 4 1732 6,159 6705 6710 094 101 109 I 18 

Corn 3,257 a 3,1693 3144 a 2,767 3,119 2960 94 52 33 50 

Sugarcane 5330 5386 5386 2,514 2,455 2,455 194 189 189 264 

Coconut 2.'521 2 23870 2,3870 10662 8,619 1,730 185 3163 3163 3335 

Banana 2987 2447 2245 I 3 068 954 875 41 38 38 '50 

Cabbage 8 1 15 1 18 a 54 64 69 1 53 146 144 1 51 

Pechav 1 45 67 73 37 25 27 140 135 120 149 

Tomatoes 210 219 266 153 79 96 2 04 153 156 163 

Eggplant 162 265 32 1 82 99 120 97 1 13 109 1 16 

camote2 1923 196 a 2433 781 687 745 42 64 61 61 

Cassava1 1180 150 5 1632 621 464 503 38 33 33 38 


1 Leafy vegetable 
2Root vegetable 
3Copra eqUivalent price 

Note 7 30' $1 00 

Source Phlllppme Sugar CommiSSion (PHILSUCOM1, Bureau of Agricultural Economics (SAEeon), Phlllppme Coconut 

Authority {PCAI ' 


pnces Judging from the standard ThIS gap can be attributed to data A general reason for the pnces of 
errors for b and the correlatIOn errors which had the follOWing the cost mInImlZabon model deViat
coeffiCient (r) given In table 3, the causes Ing from the actual pnces IS that, by 
full model seems to perform better 1 The conversion rate was over dropping the first and second terms 
than the other model formulatIOns estimated, a rate of 45 per which allow market pncmg of output 
for area and pnce but not for kilograms (kg) of copra (coco from equatIOn (1), we are utiliZing 
productIOn nut meat) was used the total model structure Infonna

The log hnear regressIOn results 2 The domestic coconut 011 tlOn less effiCiently Graphically, thIS 
indicate the full and fixed demand demand was overestimated by mjans that If we disregard Dl m 
model's estimates of crop areas 65 percent due to a data error figure 3, the probability of estImat
have a nonhnear blas,downward 3 The coconut hectarage con Ing' the "true" market price (PI) IS 

for small values of Qn Y m and a non stramt was underestimated by low If 82 IS the ImpliCit supply func
hnear bias upward for large values 5 3 percent bon generated by the cost mIDlmlza

We found a high correlation be 4 The export levels set up for tlOn model, the error,1D pnce estima

twe-en the crop pnces estimated coconut 011 and copra may tion IS the area abP:tP2 (fig 3) 
The low model pnce for corn from the full model and the actual have been too high due to the 


pnces for 1976 Tills supports the absence of any stock adJust
 (0 50 pesos per kg ) compared WIth 
the observed pnce (0 94 pesos per 


tive market structure of the The coconut data mlsspeclficatlOn kg ) can be attributed to a possible 

Philippine model However, for will likely affect the shadow pnces of downward bias In the model's esti


coconuts a large gap occurred In the other major agncultural commodities, mate of the cost of producmg com 


cost minimization model (table 2) particularly sugarcane The problem IS partly caused by the 

plausibIlity of assuming the competi ments 
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The full model predicts the crop 
productIOn proportIOns well In 

comparISon wIth the fIxed demand 
framework 

Table 3 - Regression results for actual versus model levels 1 

Result and 
a bmodel 

Area 
Full model 3249 0930 09928 

2( 0373 

Fixed demand 1051 69 941 5688 
(45) 

Production 
Full model 14880 1086 9665 

( 0961) 

Fixed demand 2493 938 9927 
(109) 

Prices 
Full model 00138 1079 9370 

(134) 

Fixed demand 0965 1 018 9157 
(149) 

COSl minimiZatiOn 4032 56 8413 
(120) 

~BaSed on table 2 

Numbers In parentheses are slandard errors 


Figure 2 

Illustration of Linear Directional Biases 

Yo T2 E (ill> 0, E (1:!»1 

YII. = Base period data 
Ym = Model eSllmates 
Perfect forecast E (ill = 0, E (11) = 1 

o~_______________________________ 

dIfficulty of detennmmg the appro
pnate spatial aspects of com produc
tion vecton; 

For the production capacity test, 
the fixed demand model solutIOn 
regtstered 40,800 metnc tons of 
commercial broiler Imports How
ever. as no broilers were Imported 
by the Phlllppmes m 1976, the 
domestic commer,:~al brOiler produc
tlol1 activIties Incorporated In the 
Phllippme model may be too expen
slve. that Imphes an upward bias m 
the pncmg of such activIties Com
panng the- export levels of coconut 
and sugar products WIth the base 
levels,mdlcates an "over-capaclty" 
for centrifugal sugar (1 720 million 
metric tons (mmt) versus 1 455 mmt) 
whereas the rever;se holds for mo
lasses (0 657 m~t versus 0 792 mmt) 
and copra meal (0 170 mmt versus 
0497 mmt) 

Table 4 gIves usage levels obtamed 
from the model fonnulatlons All 
three models overestimated the levels 
of fertilizer use, probably as a result 
of aggregatIOn error because produc
bon vectors are based on farm survey 
data However, the full model dId 
well m predlctmg directions of 
change In fertilizer pnces The full 
and the fiJC.ed demand models per
formed better than the cost mmlml
zatlOn model In predicting nitrogen 
and potash consumptIon In 1976 9 

9Nltrogen lS conSidered the most 
Important fertlilzer nutrient In the 
PhIlippines Experiments conducted 
by the Bureau of SOIls (BS), the 
PhlllpPIne Sugar CommiSSion 
(PHILSUCOM), and the Interna
tional Rice Research InstItute (lRRI) 
show that most crops 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' 
Import 
price P2 

Pl 
Dl 

o--~---

Although no formal level of 
significance can be attached to the 
information parameters proVIded 
In table 5, the full model predIcts 
the crop production pr,Pportlons 
weB In comparison with the fixed 
demand framework The full model 
mcurs a relative mformatlOn,loss of 
-375 percent, compared wIth the 
fixed demand model's loss of - 20 74 
percent All model types perform 
well In 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 tests In thiS 
article, we have shown that consIs
tency checks on the shadow pnces 
of programming solutIOns are useful 
because any mlsspeclficatlOns In re
source constraints or prices Will tend 
to affect shadow prices 

Tests or'a programming model of 
PhilipPine agriculture revealed bIases 
In the productIOn, consumption, 
constramt, and objective functIOn 
sets Each model compared repre
sented a unique theoretical strue 
ture from which to test for InconSIS 
tencles The fixed demand model 

Table 4 - Fertilizer usage levels under '!Iternatlve model assumption 

Model formulation 

Full Tmodel 

Nitrogen (N) 178 

Phosphorous (P205) 92 

Potash (K 01 68
2

1 Fertilizer and Pesticides AuthOrity 

appeared to have sIgnificant biases 
In the crop production vectors for 
commercial broders, com, and copra 
mea] The Wide disparity between the 
cost minImizatIOn model's coconut 
shadow pnces and the actual pnce In 

1976 helped to IdentIfy measure
ment errors 

The numerical measures used to 
Judge how well a speCific program
mmg 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 mdlces, 

Fixed Cost 
demand minimizationI 


1,000 metric tons 

180 195 

84 92 

68 103 

the full model outperformed the 
others 

Vahdatmg resource usage and 
price levels of the MAAGAP model 
was limited to [ertlhzer use, a IImlta
lion dICtated by the aVaJlablllty of 
the baSIC data The three models' 
compansons of the estimated fer
tIlizer nutrients 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 determmed by the cost 
mmlmlzatlOn model 

Table 5 - Information indices for evaluating the relative magnitude of 
estimation errors In the model types 

Information Expected Relative 
Endogenous variables Model type Inaccuracy Information information 

Index content 1 content 2 

Crop area Full model -001219 14811 082 
Crop area Fixed demand - 0103 16654 375 
Crop production Full model - 0624 16654 2074 
Crop production Fixed demand - 3454 1 6654 2074 
Crop prices Full model - 0202 22569 089 
Crop prices Fixed demand - 0377 22569 167 
Crop prices Cost minimization - 0492 22569 2 18 

1 Computed as 2Computed as 

n 

HIY 1= ~ Y h IY I 
'0 10 10 IllYoYm,1 HIY,ol X 100 

1=1 

" 

Actual 
19761 

152 

38 

55 

, 
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