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FA(~Tf)l~ DE!VIAND AND TECHNICAL CHANGE 

IN PHILIPPINE A<-;RICULTURE 

Peter G. Warr 

Australian National lIn iversity 

Abstract 

ll1c econon1etric estinmtion of e1astici6cs of factor den1and in 

Philippine agriculture is studied in this paper. '1ne central purpose of this 

work is to provide the parmneters required for incorporation into a large, 

applied general equihbriurn n10del of the Philippine economy, known as 

APEX. The values of these supply side parameters are crucial for the 

perforn1ance of general equilibriun1 systems like APEX, but the econon1etric 

literature offers several alternative possible rnethodologies for their 

e<;titnation. These include both primal and dual methods. The first objective 

of this paper. therefore. is to attempt to discritninate an1ong these alternative 

methodologies according to the predictive performance of the estimates that 

they produce. A second objective is to exan1ine the sensitivity of the 

resulting general equilibriun1 model to factor demand elasticity estin1ates 

derived fron1 these alternative n1ethodologies by rr1eans of experin1ents on 

the cconornic effects of technical change in Philippine agriculture. 
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l. Introduction 

rille econornetric estimation of the elasticities of factor demand in 

Philippine agriculture is studied in this paper. '"111e central purpose of this 

work is to provide the paran1eters required for incorporation into a large, 

applied general equil ibriun1 n1odel of the Philippine economy, kno\vn as 

APEX. The values of these supply side paran1eters are potentially in1portant 

for the perforn1ance of general cquilibriun1 systen1s like APEX. but the 

econometric literature offers several alten1ative possible n1ethodologies for 

their estin1ation. These include both prin1al and dual n1ethods. 

·n,e first objective of this paper, therefore, is to atten1pt to discritninate 

an1on~ these alternative n1ethodologies according to the predictive 

perfom1ance of the estirnates that they produce. A second objective is to 

exan1ine the sensitivity of the resulting general equilibrium rnodel to factor 

demand elasticity estin1ates derived fron1 both prin1al and dual methodologies 

by means of experiments on the econon1ic effects of technical change in 

Philippine agriculture. 

Most general equilibriun1 n1odels constructed to date have been weak as 

regards the empirical basis for the supply side parameters that enter them. 

Parmneters are typically based upon what the authors describe as 'literature 

review', which all too frequently proves to n1ean that they have very little 

*The assistance with simulations of Helal Ahammad andte statistical assistance of Zila Albncc,n, 
Elsa A. Lapiz, Willie Vicente, and especially Agus Setiabudi. nrc gralefully ncknowlcducd. 
'The author is responsible for all defects which remain. .. 
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etnpirical foundation at alL The intended users of the results of such models 

are entitled to \vonder what basis exists for supposing that their quantitative 

results, and perhaps even their qualitative results, bear n1uch relationship to 

the properties of the actual econon1ies they supposedly represent. Closer 

attention to econon1etric estin1ation is therefore a necessary condition for 

applied general equilibrium Inodelling to ean1 greater credibility mnong 

poI icy tnakcrs. 

Section 2 reviews the econon1ic issues involved in this estin1ation work 

and Section 3 discusses the econometric estinuttion issues involved. Section 4 

then discusses the estin1ation of the required paran1etcrs for Philippine 

agriculture and Section 5 focuses upon the in1portance of these results for the 

perfonnance of the APEX applied general equilibrium n1odel. It does so by 

analysing the sensitivity of the sirnulated effects of technical change in 

Philippine agticulture with respect to the values of the factor den1and 

elasticities which enter the n1odel. Fina1ly, Section 6 sumn1arises the overall 

conclusions. 

2. Interpretation 

2.1 Input-Output SeparabilitJ' 

Figures A.l and A.2 sun11narise the structure of the agricultural 

con1ponent of the APEX n1odel. Agriculture in the Philippines has a strong 

regional din1ension and output (but not. factor en1ployn1ent) data are available 

over many years on a regional basis. These facts are reflected in the structure 

of the APEX n1odeL Agricultural production is assumed to be a joint 

production process in each region. The structure of agricultural production in 

each region conforms to the strong assun1ption of input- output separability. 

Factors of production are en1ployed in each region to produce composite 

regional agricultural output. TI1e proportions in which the factors of 
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production are en1ployed depend on relative prices. 'll1is composite output 

then generates the outputs of the various con1tnodities. TI1e key implication is 

that for a given level of con1posite regional output, so determined, the 

proportions in \Vhich the factors of production are used does not affect the 

proportions in \Vhich the various comtnodity outputs can be produced. 

Consider the n1ost general iinplicit production function for a joint 

production process. ln region r. 

where F1, ..... Pvr are the levels of the \ · inputs and X1r, ... ,Xh are the levels of 

the J con1n1odities produced. ~I11e assun1ption of input-output separability 

states t.hat the function f' can be written as 

(I) 

(2) 

The input-output r-.eparability assumpt.ion may or may not be a good 

characterisation of the joint production processes occurring in Philippine 

agriculture. The available data n1ade this assun1ption necessary, ho\vever, for 

the reasons discussed below. 

Empirical estimates were required for the panm1eters corresponding to 

the category labelled 'FFF factor den1andt in Figure A.2, \Vhere FFF denotes 

'flexible functional fonn' relationships. These parameters are the focus of this 

paper. 'I11e production of con1posite fertiliser from its imported and domestic 

components is goven1ed by an Annington substitution process. Econometric 

estitnation of these Armington paran1eters was conducted separately, and is not 

discussed here. Regional issues will not be important for most of the 

discussion \vhich follows. \Ve shall concentrate upon the esthnation of factor 

demand elasticities at the national level. 

2.2 ){actor Detnands 



4 

Consider the conditional factor dernand equation. In region j 

(3) 

where F.,, denotes the I eve l of dernand for factor v in region j, X1 denotes the 

output of region j and w, denotes the vector of factor prices (ret:ttnls) faced 

by region j. \Ve require that the properties of the funclion rp"' include: 

(i) hon1ogencity of degree one 'in X, (constant retun1s to scale); 

(ii) hornogeneity of degree zero in \V,; 

(iii) syn1n1etric second derivatives (Young's Lheoren1 ); and 

(iv) consistency with concavity of the production function. 

Property (i) irnplies that when output doubles, for given factor prices, 

den1and for each factor al'o doubles. Property {ii) in1plies that for a given 

value of output~ factor den1ands depend upon relative prices and not absolute 

factor prices; so \vhen all factor prices double, holding output constant, factor 

dernand~ do not change. Property (iii) in1plies that the effect of a change in 

the price of factor k on the denmnd for factor v is the san1e as the effect. of a 

change in the price of factor v on the den1and for factor k. Property (iv) 

in1plies that. the o\vn-pricc derivatives of (I) are non-positive ( q>;' so). 

Differentiating equation (I) totally, 

dF~, = rp~: dX J + L (f)k"T d\V" . (4) 
1; 

Now, dividing by Fv
1 

and rearranging tern1s 

(5) 

where lower case Roman letters describe propottional changes ·in variables 

defined in levels (for exarnple, x1 = dX1 /Xi, fv1 = d'F.j l F"', and so forth) and the 

Greek letters f3..,xj and fJ~kJ denote the elasticitjes of demand for factor v in 
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region j with respect lO the output of that regional industry a1ld the price Qt 

factor k, respectively. 

Property (i) above requires that f3 .. l/==I. 'T"his can be seen by supposing 

that all factor prices are held constant ( w*' = 0 for all k and j); outputs and 

factor dernands n1ust then move in the san1e proportions. Property (ii) 

requires that 

(6) 

Doubling all factor prices, for exarnple, does not alter the ratio of individual 

factor detnands to output, given by f~~,- x,, or the ratios in which any two 

factors are used at a given level of output given by !~~,- /~:1 • Sy1nmetry 

(property (iii)} requires that CJF,, I a1v"" = dF11 I a~v'i' or that 

where s,, is the share of factor i in the value of output in region j, etc. 

(7) 

Finally, a necessary condition for property (iv) is that all own price elasticities 

of den1and are non-positive { f(.) s 0). 

The basic structural equations of APEX for which pararrteter estitnates 

are required are thus given by: 

f"l = x, + LfJv,_iwk, 
k 

(8) 

We require estitnates of the paran1eters f3vt'' where each represents the output

compensated elasticity of demand for factor v \vith respect to the price of 

factor k in region j, and we require that these estituates are consistent with 

properties (i) to (iv), above. Our estimation will be conducted at an aggregate 

level. 111at is, we shall be interested in the aggregate factor demand 

elasticities for the Philippine agriculture as a whole. 
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3. Estin1ation of Fnct.or Dernand Elasticities 

3.1. Methodology 

The n1ost popular n1ethodology currently used for estimation of factor 

demand equations such as (8) above, is the dual method, the essence of which 

is that the right hand side variables used in estimation are the prices .of factors 

of production. Several different functional fonns have been used for this 

purpose. A potential probletn with reliance on this n1ethodology, regardless 

of the particular functional fon11 that is chosen, is that, especially in 

developing countries, factor price data available for estimation may be of poor 

quality relative to the data available on quantities, both of outputs and factor 

use. But because factor price data appear on the right hand side of the 

relevant estin1ation equations, serious errors in variables problems are likely 

to result. 

An alten1ative approach, seen1ingly less sensitive to errors in factor 

price data, is what we shall call the primal nwthod. This method estimates the 

paran1eters of production functions for the industries concen1ed and derives 

the required paran1eters of factor den1and equations analytically by imposing 

the assu1nption of profit maxitnisation. Econometric practice has tended to 

favour the dual approach on the grounds that the factor quantities appearing 

on the right hand side in the estin1ation of a production function will be 

endogenous to the system. This is a genuine issue, but not necessarily decisive. 

Methods exist for testing for the existence of endogeneity and for dealing with 

it where it is present. But problen1s of errors in variables are potentially 

more serious. Consequent! y, it would seem that whether the pritnal or dual 

approach is more appropriate can be established only in the context of a 

particular data set. 
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We shall atten1pt to derive factor detnand parameters using each of the 

above methodologies and to con1pare their respective perfonnance 

systen1atically. 'T'hc selection of estitnates for inclusion into APEX will then 

be rnade on the basis of these econon1etric results. 

3.2 Selection of Pritnal vs. Dual Functional Foran 

111e functional forms used are: 

(i) Primal Approach 

\Ve estin1ate the paran1cters of the Translog production function (TLPF). 

Because of the Leontief assumption regarding intennediate inputs, \VC are 

interested in the relationship between industry value-added and prhnary factor 

inputs. given by 

K K 1i 

+ L,a. In xj + ~ IIfJ.,lnX~ In x,' 
jt:\ - t=i '"' 

(9) 

where V denotes industry value-added, deflated by the price of the industry's 

output and In V is its natural logarithn1, t is tirne, X, is the input of factor i and 

lower case Greek letters represent paratneters. We suppose that there are K 

factors of production. 111e first-order conditions for cost n1initnisation in1ply 

factor share equations of the fonn 

where 

K 

S, =a,+ 'If3,1 In X,+ a11 lnt, 
1""1 

a In v av x P . x. s =--=-·.....!..=__&.,......!,. 
I dlnX; ax, \1 pv \1. 

i= 1,2, ... ,K (10) 

(11) 
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The equations used for cstin1ation are these share equations (9), jointly with 

the full production function given by (8). 

(ii) Dual Approach 

We wish to estin1ate the panu11eters of the Nonnalized Quadratic profit 

funcTion (NQPF). given by 

(12) 

using output as nurneraire. Fron1 Hotelling's lemma, 

dH I (J(w, I f1) = -·x,, 

K W 

I 
,, 

=a+ a.-+at I .,, II 

f=l {J, 
(13) 

Subslituting back into the profit function, 

(14) 

The equations used for estimation are the input den1and equations (12), jointly 

with the output supply equation given by (14). 

An altenult.ive dual approach is to estiinate the parameters of a cost 

function. We shall consider the Translog cost function (TLCF) given by 
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Diffcrcnt.iating with respect to IV, gives the factor share equatiGns 

1\ 

sll = al + I/31,111 WJI + o:,y In y +aillnt. (16) 
r=l 

These share equations are estin1ated jointly with the cost function itself, 

imposing constant retun1s to scale, concavity of the production function and 

hontogeneity. TI1ese assurnptions in1ply 

and 

}; " 
:L/311::; 2:!3,, = 0. 
i:::l /""l 

We wish to determine which of the above approaches to deriving the 

required elasticities is n1ost consistent with the available data for the 

Philippines. Our procedure is to estin1ate all three of the prin1al and dual 

functional forn1s described above. We then ask which of the three is n1ost 

consistent with the data. 

3.3 Data 

(a) Labour 

Labour is measured in equivalent 1nan days spent in agdcultural 

production. The n1ain source of data for this input series are the October 

rounds of the Philippine Statistical Survey of Households (now renarned the 

Integrated Survey of Households) published by the Bureau of Census and 

Statistics. This suiVey reports total en1ployment in agriculture, fishing, and 

forestry as a group. 

(b) Agricultural 1nachinery 
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Available data proved to be inadequate and a new data series was 

consttucted as follows. Annual stocks of fam1 equipn1ent were cotnputed 

using the follo\ving fonnula: 

where 

K1 = value of capital stock in year t, 

11 = investtnent in year t. and 

d = annual depreciation rate (0.062). 

(17) 

~l11e value of the capital stock of fan11 equipn1ent reported in the 1948 

Census of Agriculture was used as a benchn1ark. Investment data was taken 

fron1 the gross domestic capital forn1ation in agricultural tnachinery and 

tractors as reported in the National Income Accounts published by the 

National Econon1ic Developn1ent Authority. 

'"rhe data on gross don1estic capital fom1ation report separate estin1ates 

of investn1ent. in agricultural rnachinery and lractors for the years I 948-1966, 

combined estin1atcs in 1967-1980, and then revert to separate estin1ates fron1 

1981 onwards. The value of invest.rnent in agricultural tractors was estin1ated 

by assurning that 95 per cent of the total investment in tractors during 1948 to 

1957 was n1ade by t.he agricultural sector, and 90 per cent during 1958-90. 

During the years where data on agricultural n1achineries and tractors were 

con1bined (ie. 1967 -80), 10 per cent was deducted fron1 the total value to 

n1ake the necessary adjustment. 

ll1e value of capital services (in current prices) was then cotnputed 

using the forn1u Ia: 

K;., = (r + d)K, (.18) 

I , , ' ' ' < ' ( • I 1 : ' • ' 
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where: 

K,s = value of capital service in year t, 

K, -= deflated value of capital stock in year t, 

r = rate of interest (0.1 0), and 

d =depreciation rate (0.<)62). 

'll1c above estinnlle of the value of capital setvices in farn1 equip1nent 

includes services frorn all durable agricultural equipn1ent such as tractors, 

ploughs, harrows, threshers, etc. However, in this data set, the whole value 

was a!;sumed to be the value of tractor services. 111is seen1s reasonable since 

tractors apparently account for an average around 90 per cent of total 

investinent in fann equipn1ent.l 

The next step was to decornposc the value of capital services into hand 

tractor and four-\vhecl tractor services. l'his was done by using the same 

pro port ions of hand tractor and four-wheel tractor services as that which was 

used in an earlier study by Evenson and Sardido (1986). These proportions 

were based on the ratio of annual series of sales for each type available fron1 

1960 to 1974 for hand tractors and from J 955 to 1974 for four-wheel 

tractors. Since the r:venson~Sardido data set covers only the period up to 

1984~ the san1e proponion was used for the remaining years as that. of I 984. 

'T'he price series for both hand tractors and four-wheel tractors were based on 

cominon prevailing custon1 hire rates. The 1948-84 data seties was taken 

fron1 the Evenson-Sardido data set. 

4 Estin1ation and results 

4. I Estilnation 

1 This estimate is based on data for the years 1960-63. Data on the shm·e of tractors for other 
years was not available 
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All cstirnat ion was performed using non-linear csthnation rr1cthods. 111e 

estintates rron1 a TransJng function do not necessarily satisfy the concavity 

requiren1cnt given by condition (iv), above. In this case, the n1atrix of 

coefficients of the input variable cross-product terms obtained frorn est:irnation 

of the ·rranslog functional form B = [/3,,] can be replaced by the negative of the 

product of a lower triangular matrix. say C, and its transpose, C7
• That is, 

B=-CC1
• (19) 

In the estirnation, we express the {3,, in ternlS of its corresponding r mn terms. 

~Il1e technical index twas defined as cxp(t'). where t' is tin1e. 

Constant retun1s to scale cannot be irnposed with the Nonnalised 

Quadratic (NQ) functional form. and this condition therefore is not 

necessarily n1ct by our estitnates. rll1is fact reduces the value of the resulting 

set of NQ est in1atcs for the purpose of their potential use within APEX, but 

the fact that the constraint of constant retun1s was not in1posed n1eans that our 

cotnparison between the prin1al and dual n1ethods is biased in favour of the 

latter. Since we have not forced the dual estin1ate~ to satisfy a restriction that 

the data rnay not a~cept (constant retun1s) it is possible that the dual n1ethod 

could exrlain the data better than the prin1al estin1ates \Vhich were required to 

satisfy this restriction. 

4.2. Results 

We now ask how the above three sets of estitnates con1pare in tem1s of 

predictive pcrforn1ancc. For this purpose it is necessary to con1pare the satne 

variables variables generated by these methodologies. TI1e TLPF and NQPF 

results can be con1pared by looking at their predictions of output. For 

con1parisons of these two n1ethodologies our approach is to use the estitnated 

paran1eters in each case together with the right hand side variables provided 

by the data to predict the value of industry output (value added). We then 

c01npare these predictions with the actual values of industry output reported in 
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the data. Our ain1 is to find the methodology which produces the srnaHer 

prediction error. Both the agricullural and non-agricultural estimation 

analysis reported below will follow this strategy. \Ve shall use the n1easure of 

root rncan squared error (R ~1SE) to rnakc this cornparison. 

Comparisons of output predictions cannot be used to assess the 

perfom1ance of the TLCF because it docs not generate output as a dependent 

variable. Our approach is therefore to con1pare factor shares of total costs 

generated by the TLPF and 'fLCl.: n1cthodologies. This cannot be done for the 

NQPF n1ethod because factor shares are not generated by it. By n1eans of 

these two sets of pair-wise cctnparisons we can ensure that. we are always 

cornparing like with like. 

Tables 1 and 2 sun1n1ari.se the co1nparison between the predictive 

perfom1ance ~ in tenns of output - of the protnal {TLPF) and dual (NQPF) 

estin1ation mer hods. Results are shown both with (Table 1) and \Vithout (Table 

2) the in1position of concavity constraint on the estin1ates. In so far as the 

concavity constraint rnust be in1posed on estin1ates to be used in a general 

equilibrium n1odel~ these are the results of greatest interest, but unconstrained 

results are sho\vn as well, in 'fable 2. to verify that the method of imposing 

concavity has not biased the con1parison between the two n1ethods. In both 

cases the results indicate the clear superiority of the estin1ates produced by the 

prin1al method. TI1e weighted Ri\1SE using the prin1al approach was in each 

case roughly one half that resulting from use of the dual approach. Figure 1 

sumn1arises these results in the case of the constrained estin1ates. 

We conclude that results obtained \vith the prin1al (TLPF) n1ethod. 

Considering that the bias. if any, in our test favoured selection of the dual 

(NQPF) n1ethod - because the dual results were not required to satisfy constant 

returns t.o scale - this is strong evidence in support of the superiority of the 

primal n1ethod, at least in so far as these data are concen1ed. 
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Table 3 now shows the cornparison between the prin1al ('TLPF) n1ethod 

and the dual ('T'LCF) n1ethods. The cornparison is done in tern1s of factor 

shares. The result is a victory for the primal results for each factor and hence 

for any wieghted sun1 of the factor results (Table 3a). 

The reason for the superior results obtained with prin1al n1ethods may 

be a cotnbination of factors. First, errors in factor prices n1ay be greater than 

errors in factor quantities. The consequence of this errors in variables 

problen1 is biased estirnates of the required paran1cters and .lower predictive 

power as a result. A second possible source of the inferior perforn1Doce of 

the dualtnethod is that the period covered by the data -one year- n1ay be too 

short for the adjustrnents represented by the dual n1ethod, profit maximising 

adjustn1ents to changes in factor prices, to b ... adequately captured; 

consequently~ the variation in the dependent variable~ as captured in the data, 

may not be well related to the variation in the price data which the data set 

contains. On the other hand, one year n1ay be sufficient for the technical 

relationship between inputs and outputs to be represented adequately in the 

data, allowing the production function n1ethod to identify this relationship. 

4.3. Derived Factor Dcrnand Elasticities 

The input den1and elasticities were calculated using the relation 

17,, = a,, · S,. (20) 

where, 

17,1 denotes the cross price elasticity of detnand of factor j with respect 

to changes in the price of factor i; 

a,i denotes the Allen elasticity of substitution between factor i and j; 

S, denotes the share of factor i in total costs; and the aii is calculated 

frotn 

(21) 
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where IGI is the detenninant of 

r

o ~ ~ ~ 
s, f3u + s; - s, /3,2 + slsl /3,3 + sls3 

c = s'} 1121 + s2s, fJ22 + sJ - S2 /323 + S2S3 

s3 f3:u + s,sl f3n + s'Js?. f3:n + s{ - s3 

lS.: /34, + s4s, f3.t1 + s4s2 /3.fJ + s4s-a f3M + s;- s4 fJ-1s + s4ss 
s~ fJ'il + s.,s1 {3"'7 + s~S2 /3,., 1 + s!;s3 /3!,4 + S5S4 /355 +sf - S5 

s4 Ss 

/J14 +S,S4 f3,s +S,Ss 

fJ24 +S2S4 P2s + SzSs 
(22) 

{334 +SlS4 f33s + s3s5 

and IGlJI is the cofactor G,, in G. The resultiug elasticity values con1puted 

frotn the Translog production function estin1ation results are the agricultural 

factor dernand elasticities \vhich enter APEX. 

5. Does it l\'fattcr·l 

General equilibriun1 rnodellers are seldorn econornetricians as \vell and 

tend to be in1patient with econon1ettic cstin1ation. 'rhey need to be convinced 

that it n1atters which estin1ates are used. Vve shall explore this n1atter by 

exan1ining the sensitivity of experin1ental results with teh APEX model to 

changes in the agricultural factor den1and elasticities used \vithin it. We use 

the three sets of factor den1and elasticities estin1ated frorn the above results 

and two other which tnight have been used had 'literature survey' been the 

source of the panuneters used. 

\Ve shall repeat an experiment on the econon1ic effects of teclu1ical 

change in Philippine agriculture reported in detail in Warr and Coxhead 

( 1993 ). In that paper etnpirically estin1ated rates and factor biases of technical 

change are used to sirnu late their income distributional in1plications. The 

n10del clo~ure and the esthnated set of technical change paran1eters is the for 

these experitnents is identical with that reported in t:hat paper. Technical 

change shifts factor det11and equations through the z terms in 

(23) 
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and the effects of these shi.fts wifl presurnably depend upon the {3 panuneters .. 

the factor den1and elasticities which enter this expression. But how sensitive 

are the results to vnriations in these paran1eters \Vithin the range of 

en1pirically estin1ated values? 

'fable 4 sumnutriscs the results of these experinlCnts .. 2 Bffect:s on factor 

prices and hence on incon1e dist:ribution are highly sensitive to changes in the 

factor denmnd elasticities. It can n1atter greatly \Vhich pararneter estitnates are 

used. 

6. Conclusions 

In this paper we have estirnated the parameters required for incorporation 

into the agricultuntl cotnponent of the APEX general equilibrium rnodel of the 

Philippine economy~ usin~ the available Philippine data. The data were. used to 

explore the respective tnerits of two n1ethodological approaches, described as the 

prirnal approach and the dual approach. The dual approach estimates the requived 

parameters directly, p'lacing factor price data on the right hand side of the 

estin1ating equations. TI1e prirnal approach uses the paran1eters of the estimated 

prirnat production function. and derives the required properties of input den1and 

funct:ions analytically 1 imposing the assumption of cost minirnisation. Primal 

results proved to have greater J)redictive power than. those obtained using dual 

methods and these (prin1a.1) results were therefore used as the bas'is for tbe 

parameters incorporated into APEX. Experiments sinu.llating the econornic 

effects of technical change in Philippine agriculture sho\ved that n1odel results can 

be significantly changed by changing the n1ethodology used to estin1ate supply side 

para.meters such as factor den1and elasticities or from using hypothetical values for 

these pan1n1eters. 

·-----~-

2 The vers.ion of APEX used in Warr and Coxh~ad was later found.to contain data base errors 
which have been corrected in the version of APEX used in these ~~pedments, known as APEiX 
n. These d;Ha base imbalances in the earlier version of APEX expJ~inthe djffe~nfe getwe(!n 
the Tntnslog production function results reported in this paper andthosereported oyW~trr·and 
Coxhead. · 
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Table 1: Output Forecasts from Constrained Funct1ons Table 1 a Statlsttcal Propert1es of the Forecasts 
PRIMAL (TLPF) vs. DUAL (NQPF)· 

Year Actual Trans log N-OuadratJc Stattsttcs Actual Transtog N-Ouadrat1c 
1957 L1269 1 1558 1.2774 
1958 1 .1560 1.1321 1.2603 Mean 2 1430 2 1413 2 1452 
1959 1 .2031 1 2029 1 2578 Vanance 0 6388 0 6311 0 6383 
1960 1.2092 1 2061 1.2989 M1rumum , 1269 1 , 321 1 2578 
1961 1 .1956 1.2773 1 3480 Max1mum 3 2606 3 2796 3 6404 
1962 1.3127 1.3472 1 3566 
1963 1.3594 1 3535 1 3783 Cotr wtth Actual 1 0000 0 9910 0 9641 
1964 1.3773 1.3794 14209 
1965 1.3894 1.4241 1.4326 RMSE (Forecast) 0 0000 0 1053 0 2110 
1966 1.4073 1.4965 1.4786 RMPE(Forecast} 0 0000 0 0410 0 0832 
1967 1.4720 1 5372 1.5308 
1968 1.5500 1.5170 1 5574 
1969 1.5445 1.5954 1 5980 
1970 1.7130 1.6396 1.6328 
1971 1.8103 1.7403 1.6812 P-..) 
1972 1.7789 1.7799 1 7915 0 
1973 1.7844 1 _7571 1.7838 
1974 2.0253 1.9623 1.8125 
1975 2.2460 2.0781 1.8177 
1976 2.5529 2.6220 2.5484 
1977 2.5712 2.6547 2.6596 
1978 2.7842 2.7616 2.6147 
197g 2.8'910 2.8169 2.7082 
1980 3.1525 2.8229 2 7669 
1981 3.1627 3.0183 2.8175 
1982 3.2606 3.0527 2.8110 
1983 3.0965 3.0532 2.9458 
1984 2.9896 3.0607 3.0802 
1985 3.0716 3.1458 3.2046 
1986 3.1391 3.2796 3.2937 
1g87 3.0359 3.2534 3.4070 
1988 3.1165 3.2748 3.5803 
1989 3.2327 3.2638 3.6404 



Table 2: Output Forecasts from Unconstrained Functions Table 2a Statlst1car Properties of the Forecasts 
PRIMAL {TLPF} vs. DUAL (NQPF} 
Year Actual Translog N·Quadratic Statistics Actual Trans log N-Quadrallc 

1957 1 1269 1 0643 0 9519 
1958 1.1560 1.1323 1 0779 Mean 2 1430 2 1407 2 1449 
1959 1.2031 1.2023 1 2570 Variance 0 6388 0.6388 0 6232 
1960 1.2092 1.2082 1 2774 Mmtmum 1 1269 1 0643 0 9519 
1961 1.1956 1.2810 1 1810 MaXImum 3 2606 3 2902 3 2681 
1962 1 3127 1.3501 1 1724 
1963 'i.3594 1 3559 1 .4166 Corr With Actual 1 0000 0 9907 0 9819 
1964 1.3773 1.3813 1.3869 
1965 1.3694 1 .4261 1.4405 RMSE (Forecast) 0 0000 0 1076 0 1492 
1966 1.4073 1.5004 1.5864 RMPE(Forecast} 0 0000 0 0426 0.0745 
1967 1.4720 1.5399 1.5667 
1968 , .5500 1.5218 1 6160 
1969 1.5445 1 6020 1.6653 
1970 1.7130 1.6431 1 6871 
1971 1.8103 1.7425 1.7466 
1972 1.7789 1 7805 1.8282 
1973 1.7844 1.7588 2 1699 f..J 1974 2.0253 1.9632 1.8866 
1975 2.2460 2.0823 1.9567 
1976 2.5529 2.6129 2.6904 
1977 2.5712 2.6454 2.6095 
1978 2.7842 2.7557 2.8586 
1979 2.8910 2.8124 2.8404 
1980 3.1525 2.8208 2.8851 
1981 3.1627 3.0215 2.8689 
1982 3.2606 3.0563 2 9599 
1983 3.0965 3.0436 3.0846 
1984 2.9896 3.0673 3.1797 
1985 3.0716 3.1498 3.1582 
1986 3.1391 3.2902 3.1377 
1987 3.0359 3.2642 3.1308 
1988 3.1165 3.2870 3.2377 
1989 3.2327 3.2796 3.2681 



Tuble 3: Factor Share Foro~asls fl·om Constrained Functions: 
PRIMAL (TLPF) vs DUAL (TLCF) 

A. PRIMAL (Translog Production Function) 

Statistic Predicted Values (Shares) 
Lnbout Machinery Fertilizer 

Mean 
Variance 
Minimum 
Maximum 

0 4634 
0.0323 
0.2911 
1.1141 

0.0887 
0 1914 

0.024 
0.0000025 

0 0199 
0.0272 

0.00$ 
0 2067 

A-square between observed and predicted · 
0 8375 0 124g 

Correlation with Actual . 
0 8794 0 0588 

B. DUAL (Translog Cost FuncUon) 

0.0335 
0.000066 

0.00599 
0.0419 

0.0072 
0.2145 

0 6101 

0.7243 

Statistic Predicted Values (Shares) 
Labour MaChinery FertilizE~r 

Mean 0 4727 0 0237 0.0339 
Variance 0 0262 0.0000056 0 000067 
Minimum 0 3145 0.0158 0 0156 
Maximum 1.1106 0.0278 0 0457 

FM3E 0 1021 0 0051 0 0086 
Ff~ 0 2159 0 2142 0 2535 

A-square between observed and predicted 
Q 7905 0 1164 c 5427 

Correlation wlth Actual : 
0.8345 0 1501 0 6217 

c. Actual Values 

Statistic Actual Values (Shares) 
Labour Mad1mery Fertilizer 

Mean 0 4581 0.024 0.0335 
Variance 0.0034 0.000024 0.00011 
Minimum 0.269 0.0124 0.0086 
Maximum 0.8538 0 0322 0.0547 

land 

0.4792 
0.0293 

·0.1412 
0.643 

0.0861 
0.1798 

0 8746 

land 

0 4698 
0.024 

-0.1521 
0.6198 

0.1024 
0 218 

0.8154 

Land 

0 4844 
0.0312 
0.1053 
0.6653 

Table 3a: RMSE AND RMPE from the tour sharo equations comblnod 

A WEIGHTED BY FACTOR SHARES 

B NON-WEIGHTED 

PRIMAL 
0.08270 
0.18697 

DUAL 
0.09678 
0.21314 

PRIMAL DUAL 
0.06197 
0.24786 

0.07246 
0.28983 



Table 4: Sensitivity analysis with non-neutral technical change 

Underlying functional fonns for the elasticity estimates* 
CES 

TLPF TLCF NQPF a=0.5 a=l.O 

Real GOP 
at market price 0.520 0.671 0.110 0.212 0.199 
at factor cost 0.087 0.063 0.152 0.122 0.127 

Real aggregate consumption 0.644 0.828 O.J4g 0.268 0.252 

Consumer price index (CPI) -0.524 -0.590 -0.368 -0.479 -0.454 

Real waf:!c~ 
unskilled labour -2.376 -2.643 ·0.091 -0.819 -0.960 
skilled labour 2.069 2.594 -0.159 0.605 0.615 

Relative wages (skilled/unskilled) 4.445 5.237 -0.068 1.424 1.575 

Real consumption expenditure by households 
HHI (poor) 0.204 0.322 0.348 0.289 0.239 
HH2 0.269 0.402 0.280 0.258 0.216 
HH3 0.314 0.460 0.226 0.233 0.193 
HH4 0.343 0.508 0.174 0.207 0.161 
HH5 (rich) 1.044 1.271 0.052 0.307 0.324 

Output supply 
liTigated Palay 3.216 3.562 2.376 2.716 2.646 
Non-irrigated pi·tlay -4.2 J 9 -3.927 -4.935 -4.654 -4.710 
Corn 1.323 1.640 0.539 0.853 0.790 

Aggregate agricultural commodity 1.147 1.614 0.002 0.481 0.384 
Aggregate agricultural processing cornrno• 0.721 0 985 0.044 0.306 0.258 

Producer price 
Palay -13.684 -14.851 -10.978 -12.274 -11.975 

* The underlying functional forn1s for the estimation of factor demand elasticities in agricul 
TLPF: Translog production function 
TLCF: Translog cost function 
NQPF: Nom1alized quadratic profit function 
CES: Constant elasticity of substitution 

·: ' ' ' . . . ' 
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Figure 1: Out-of-Sample Output Forecasts: 
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agriculture using Translog Cost Function 
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Regional Factot" Usage 
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