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RESEARCH ASSESSMENT IN MULTISTAGE PRODUCTION SYSTEMS
WITH QUALITY-DIFFERENTIATED MARKETS'

by

Minda C Mangabat and Geoft W Edwards®

[ INTRODUCTION

The economic assessment of research using the now widely used economic
surplus approach has progressed to a wide array of topics both at the coneeptual and
empirical fevels  Some developments may be noted  The first is a transition from a
single market to a multiple market approach as i multistage production systems A
basic commodity sequentially reaches a final production stage of higher value-added
through intermediate stages  Total benefits to research are distributed between the
production stages (Just. Hueth and Schmitz, 1982 | Freebairn, Davis and Edwards,
1982, and Alston and Scobie, 1983).

A second development is a broadening of a coverage of research evaluation to
mclude changes n the quality charactenistics of a commodity, as well as changes in
production costs for an unchanging product  Research-induced change in quality is
analysed m several ways Some studies treat the quality resulting from research as a
shift of the demand curve for a commodity (Unnevehr, 1986 and Voon and Edwards,
1991). Those studies assume that the resuling commoedity  with improved
characteristics is a perfect substitute in consumption for the old commodity. In some
studies the shift in demand curve is associated with a shift of the commodity supply
curve, reflecting either a higher or lower cost of producing a ecommodity with
improved quality (e.g Voon and Edwards, 1992). In other studies, the quality effect
of research is analysed mainly as a downward shift of the supply curve (Brennan,
Godyn and Johnston, 1989).

A third development in the literature of research assessment involves changes

in quality characteristics which have some impact in multistage production systems.
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For example, the research-induced improvement in the quality of Morex variety of
barley for beer production in the US lowers the costs of beer production due to higher
malt extract and shorter germination time (Macagno, 1990).

In the area of assessing quality-improving research, some studies adopt a
quality-differentiated market approach (Brennan, Godyn and Johnston,1989; and Voon
and Edwards, 1990) A commodity market is divided into two categories - high and
low qualities - but these markets are related in an aggregate market.  Changes in
production and consumption, assuming zero substitution, in one quality category of the
market provide corresponding changes in the opposite direction, in the other quality
category

The task of filling the gap in the hterature on assessing the economic impact of
research 1s a continuing process The present paper provides a modest contribution to
narrowing the gap in terms of an analytical framework extending current approaches in
tracing the effects of research in multistage production systems, multiple products, and
segregated markets for research-induced quality-differentiated markets

The empirical part of this paper is concerned with two research projects in the
Philippine coconut industry that are designed to improve the quality of coconut
products Those research projects are expected to result in new knowledge that will
allow the development of two new technologies, namely, an improved copra dryer
technology and an improved crude coconut oil processing technology. Research on
the two improved technologies are expected to lower production costs of producing
high qualities of copra and crude coconut oil (CNOY’, compared to existing

technologies

* Low quality copra - with high moisture content, contaminated with sand and ather
extrancous miater, has sniouky odour, and case hardened (NEDA, 1985; PCA and NR1, 1992) -isa
tong standing and major issue in the Philippine coconut industry. The quality of copra affects ‘its
price as well as the price of its higher value-added products at the processing scetor - CNO aiid copra
meal (CM). Mouldy copra due to high moisture level produces CNO of poor quality due to high level
of free fatty acid (FFA) and darkness in colour, When copra is cruslicd into CNO, any aflafoxin
present is known {o be distributed between the CNO.and its by-product copra meal/cake: (Samar'uccwa
and Arseculeratne, 1983). The aflatoxin that is transferred from copra-to the CNO is reduced dnithe
expelling process, but the aflatoxin cannot be removed through extra purification in its by-procjucl
CMasit can in CNO

qxi,niily CNO lms low fru: fauy :cnd mxd lms I‘.xvoumblc adour .md ht,hl in co!our (PCA, VJSS)
high quality CM is characterised by low levels of aflatoxin - 20 ppb:(partsper billion (EC, 1991).




Figure | interprets schematically the general spillover effects of those two
research projects in the Philippine coconut industry. Copra is a raw material in the
processing of CMO and its by-product copra meal (CM) or cake'. The other inputs
used are traders’ services and processing inputs and other marketing services (POMS).

Research on improved copra drying technology has the following effects:
quality differentials in copra and its joint products CNO and CM, and a change in the
costs of producing these produets Rescarch impacts are traced from the copra farm
stage. through the traders’ services stage, POMS stage and CNO processing stage.
Research on improved CNO processing technology affects the quality and costs of
producing CNO and CM  The effects of research are traced from the CNO processing
stage to the lower production stages  The adoption of improved technologies on
copra dryer and CNO processing have welfare implications for coconut farmer, copra

traders , supphers of POMS and consumers of CNO and CM

2. ANALYTICAL METHODOLOGY

There are two possibilities for modelling the effects of the two types of
rescarch - copra drying and CNO  processing - being addressed in this paper. One
possibility 15 to use a smgle structural model which encompasses both types of
research.  The other possibility is to construct individual analytical models in assessing
the two research advances It would be cumbersome to integrate the two models
given the varying effects of research along the hierarchy of production in the Philippine
coconut industry  Thus, for case of analysis, the latter approach is adopted in this
study  There are two main differences in the assumptions of the two models.  The
first 15 the assumption about the costs of traders’ services and POMS, and the second
is about substitution between inputs used in CNO. In the first model, which assesses
research in the copra farm stage, it is assumed that the unit costs of traders" services
and POMS arc constant - or perfectly elastic supply of these services. This assumption
is relaxed in the second model - depicting technological research in the CNO

. .
¥ Aboui 5%of Philippine copra is utifised in memwm'ﬂ ket
the domestic market into CNO.  About 75% of CNO-is.exported, the 1

oil and in the manufacture of coco-chemicals,
¢hemicals are intended for bath domestic and aapon :
animal feed (UCAP, 1991).
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Figure 1 Multi-Market Effects of Research in the Philippine Coconut Industry

proeessing stage  The first model assumes non-substitution between inputs to CNO,
while the second model allows for substitution effects,

The now widely used economic surplus approach with application of
disequilibrium model in the second model, is used in the ex-ante assessment of
research. “The analysis is of the statie, partial ¢quilibrium type. For some purposes a
model of general cquilibrium type is superior, but such a model is deemed
unnnecessary in the present study. In-addition, suitable general equilibrium.models are

not readily available (Alston, Norton and Pardey, 1995).




The structural models are aggregate open econamy models. The ;majqﬁxy of
Philippine CNO and CM, and a small portion of its copra, is exported. Tt should be
noted here that the research-induced improvements in technologies are assumed 1o be
adopted only 1n the Philippines. As a net exporter of coconut products, the Philippines
would lose from the adoption of its improved technology in the rest of the world
(ROW)

The measurement of research benefits is annual static.  The estimates of
research could be interpreted as benefits aceruing in a year from the percentage cost
reductions arising from research The improved copra drying and CNO processing
techniologies are adopted within the year, and adjustments in supply and demand oceur
within the year

The estimates of research benefits represent gross benefits  In the absence of
data on the costs of the two research projects, it is not possible to compute net benefits
from research  The benefits obtained can therefore be used to determine the
maximum amount that would be eflicient to pay for the research

For simplicity, Philippine coconut products - copra, CNO and CM - are
classified into high and low qualities

The above assumptions serve to simplify the theoretical framework and to

facilitate empirical analysis.

2.1 Quality-Improving Research at the Farm Level, Fixed Factor Proportions

Improved copra dryer technology in this study refer to semi-direct heat and
indirect heat dryers that are improvements to the traditional direct heat or smoke//kiln
dryers’, Research on improved copra dryers place emphasis on low-cost technologies
that are adaptablc the needs of both small and large coconut farmers. In modelling the
impact of an improved copra dryer technology, 'i;g:ar supply and demand functions and
parallel shifts of the supply curves are assumed. The assumption of constant per unit
costs of trading services and POMS in the high and fow quality is based on the
competitiveness of suppliers of POMS and the numerous copra traders in the
Philippines. All inputs used :in.pmducixigﬁZNQ and CM - copra, traders’ services, and

5 Low qu‘l]lty copmm;hc Philippines has been gencrally attributed to the nse-of ‘ra‘j fonal
copra dryers, ‘ ‘ '




POMS - are used in fixed proportions. Also, an existing technology of CNO
processing is assumed to be factor-quality specific of the raw material copra, That is,
high quality CNO and CM can only be produced by using high quality copra. In the
fow quality seetor, CNQ processors use mainly low quality copra. In addition, non-
substitution between high and low qualities of CNO and CM is assumed.

For each high and low quality markets, the derived demand for copra (De; =
Denoi + Do - My, i=H,L for high and low qualities) is obtained as the demand for
CNO (Desey) and CM (Deay) less the constant margin (M), The difference between
the prices of CNO and CM (Pexa, and Pe) and the price of copra (Pe;) is the margin
(M, The constant absolute margw is shown by the distances bh in the high quality
market (Figure 2) and by the distance b*h’ (Figure 3) in the low quality market
Moreover, the jomnt products CNO and (M have only one supply function but different
demand functions

Theoretieally, the supply function of a final product is the vertical summation
of all factor supply functions, which implies that the marginal cost of a quantity of the
final product is equal to the sum of the marginal costs of all factor inputs. In the case
of CNO bemg analysed here, its marginal cost of production is equal to the marginal
cost of raw material (copra), excluding the constant per unit cost of traders’ services
and POMS, the other inputs In similar manner, the derived demand for POMS is
given by subtracting the supply function for copra from the CNO supply function.

2.1.1  High Quality Copra Market. The spillover effects of an improved
copra dryer technology are presented graphically in Figure 2. The variables used are
defined in Table 1. With an assumed constant rate of transformation between copra
CNO and CM, the quantities of these products in the graph can be defined in terms of
copra (Qi=H, L)

The adoption of an improved copra dryer technology reduces the per unit cost,
by amount ki, reflected mainly as a downward shift in parallel fashion of the supply

curve for copra from Sei to Seiy.  The price of copra decreases from Pey; to Pem, and

Under x,he nouon ot'f omp roduct rel.mon ship:thie: pncc‘of c.common resource:

coconut-gil-andec pm meal perunit of copm
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factor proportions, linear supply and demand curves, and paralie) shxﬁs m‘ wpp}y

curves as in Freebairn, Davis and Edwards { 1932) The supply shift in the CNC

processing stage comes from two sources (see for exampk: Macagno, 1990). First, the
lower price of high quality copra relative (o its initial price, causes a reduction in the
costs of producing high guality CNO by v per unit output, denoted by an
intermediate shift (represented by dashed lines) of the supply curve from Senon to
Sexomn Second, there is a cost reduction of vi* per unit output, due to the higher
recovery rate of CNO'  This induces the supply curve of the final products to shift ’
downwards further {rom Sesois 10 Sexonz Wholesale prices of CNO and CM are

T éduaed, respectiveiy.. from Peno to ‘p(W()ll'l + 10 Penoa fmd from ‘:l’fg“:‘mjlﬁ 'P‘(‘M‘J‘, ‘tOAfl!cf:,‘;z(

Table 1 Definitions of Parameters Used in Assessing Quality-Improving Research
at the Copra Parm Level, Fixed Factor Proportions

.. Parameter Definition
Q; Quam:(v of farm output copra, i=H,lL; H for high qmlit,y and
L for low quality
Pes Farm price of copra
Pexor, ‘Wholesale price of coconut oil (CNO)
Pony, Wholesale price of copra meal (CM)
Sei, Doy Supply and demand curves for copra
Sewan Supply and demnd curves for coconut oil
Do, Demand for copra
k; chcal shxﬂ of the supply curve of farm omput,
VJ: "’j

CNO yﬂl 2 for lm;,h and low
(intermednatc.) shift 4s the cos
in price of copra. The seco




supply curves for the non-farmy inputs, fsup‘hﬁem of these inputs earn normal profits on
larger quantities, but they experience no welfare effect,
Due 1o assumptions of linear finctions and parallel shifis, the benefits to

adoption of improved copra dryer technology can be measured at either level of the
pltistage production system.  Consumer surplus is decomposed into two
components  gains to end-users of coconut oil  (ACSenon) represented by area
PonenithPeseniz.  and end-users of copra meal (ACSesys) which is given by area
PesgiefPengz - With constant costs of non-farm inputs, producer surplus is measured
only for copra pioducers (APSy) and is given by area Peghij). The aggregaie gain is
denoted by the area Abgh  The specifications of the demand and supply equations
‘with” and *wathout” quality-improving research at the farm seetor , are provided in
Appendix |

Referring to Figure 2, the aggregate surplus and its allocation to producers

and consumers can be written in the following algebraic terms:

I ACSexan = 120 ewan - Peson)(Qewon + QPenona)
2 ACSewm = 12(Pesy - Pergial( Qo + Q)
3APSy = 12k - (P - Pepn) Q% + Q%)
4 ATSy -~ ACSexon + ACSenm + APSH

2.1.2 Low Quality Copra Market The changes in the high quality market
bave corresponding changes, in oppesite directions, in the low quality market.
Increasing the supply of high quality copra resutls in a corresponding decrease in the
supply of low quality copra. The rationale is the expected movement or more coconut
farmers and hence production resources to the high quality sector. Because of the
higher opportunity costs of these resources, it becomes more expensive to produce
Jow quality copra whose quantity has decreased. This is turn induces a proportional

increase in the costs of producing Jow quality CNO. The supply curve of low quality

copra is interpreted as shifting upwards by k; per unit output, from Ser, 10 Sers (see
Figure 3). The supply curve of CNO is viewed as shifting upw..rds twice. The initial

shift is an intermediate shift from Sexor, 10 Sowors due to-th

copra. The second shift from Seors 10 Sexorz s due to a lower recovery rate of’



of low quality copra. The vertical shifts are denoted by v, and vy,

high quality C:
Low quality coconut products are becoming more expensive to produce.  As:

corresponding to the two downward shifts of the supply curve for

prices increase - from Pey to Peyy for copra; from Pexor, 10 Pexora, 10 Poxora; -and
from Pey 1o Pea, 10 Pega, respeetively, for CNO and C. Lower quantities are
produced for copra, CNO and CM given by the distance Q. to Qua.  Also, quantities
required of traders' services and POMS decrease resulting in lesser profits earned by
suppliers of these two inputs because of reduced quantities. There is no producer
surplus due to the assumption of perfectly elastic supply for these inputs.

Using similar procedures in the high quality market but incorporating the above
changes, the benefits to research in the low quality market are exprcs,scd in algebraic

terms as follows:

5. ACScan = 1/2(Pexorz = Pexo)(Q%exor, + Q%enonz)

6 ACSenn = 172(Pemia - Pesn ) Qe + QPenga)

7.APSy = 12 [ka- (Pers - Per )@ + Qi)

8 ATS:. = ACScnor+ ACSeag + APS),

The net changes and distribution of aggregate surplus to the Philippine coconut
industry to consumers of CNO and CM, and copra farm producers sre expressed as

9 ACSewo = ACScwon + ACSeaon,

10, ACSenm = ACSenmy + ACSeny

1. ATS

ﬂ

ATS; + ATS;,
2.2 Quality-Improving Research in the Processing Stage, With Variable
Proportions

The second model simulates the following scenario. Ongoing research on high

temperature expellers in producing CNO while it reduces aflatoxin, results i

recovery rate of CNO and in darker colour of CNO. In model

msgmltm:'impmvcd?;, NO processing technology, itis-assum




CNO and hence CM are produced without trade-off in CNO recovery rate, and (he
CNO s of lighter colour. Likewise, the copra meal produced is also of high quality,

An improved CNO processing technalogy is a biased technical change that uses
the input POMS relatively intensively, and saves raw material (copra) and traders’
services, the other inputs. The methodology of the present study draws from Muilen,
Woblgenant and Farris (1988), and Mullen, Alston and Wohigenant (1989). A major
concept adopted from Mullen, Wohlger.ant and Farris (1988) is the use of a supply
shift in POMS . in estimauing a biased technical change The effect of a biased technical
change is seen a shifting also the supply curve for CNO A shift in the supply of
POMS is used to estimate a shift in input der .and arising from technical change®. A
major difference in the approach of the present study is in excluding exogenous shifts
for the final products - CNO and CM

As with the first structural model, the CNO processing stage is divided into
two markets - high and low quality markets. In the high quality market, CNO
processors adopt the improved technology In the Jow quality market, CNO
processors use the old existing technology '

There are other assumptions of the model relating to input substitution. An
improved CNO processing technology can produce high quality CNO and CM using
low quality copra, implving substitution of low quality copra for high quality copra’
the high gquality market. Also, the input POMS can be substituted for traders’
services  This asssumption accommodates the practice of some oil millers of buying
directly from copra farmers (Tiglao, 1983).

2.2.1 An Equilibrium Displacement Model. The equilibrium displacement

model consists of a system of output and factor supply and demand equations defining

¥ This congepl was e'trlwf introduced by Muth (1964). Accordingly, in-a{wo-input-case,
an increase in the supply of the first input reduces its price resulting its substitution for the second
input. The demand for the second input may either increase or decrease depending upon whether the
efasticity of demand for the produet is greater (han the clasticity of substitution between ihe two
inputs. 11 the clasticity of demind for the product is l,reatcr thai:thie elasticity-of substitution
between inputs, the demand for the second inpot wil} i ‘
J?unhcrmom, in. ordc;' o m;unm n tlle € u,nht)n, )




the initial equilibrium conditions in the output and factor markets. Exogenous shocks
to the system due to adopting a new technology are reflected in a shift in supply or
demand shift (or a combination ), and result in changes in prices and quantities. These
exogenous shocks displace the jnitial equilibirium to a new equilibrivm.  An-inherent
feature of an equilibrium displacement model is its first approximations to the
quantitative effects of changes i exogenous variables. Because of this feature, the
model does not require the specification of functional forms (Hill, Piggor and Griffith,
1995) Changes in prices and quantities can be approximated linearly by totally
differentiating the system of equations and converting them to elasticity forms (see
Muth. 1964 and Alston, Nopton and Pardey, 1995)  The change operator ¢an be

expressed as

dxfx = dinx)
Filxy = dx

The sectors of the Phlippine coconut industry being analysed here are specified
in terms of general supply and demand conditions for the inputs and outputs of these
sectors An equlibrium displacement model 15 used to estimate changes in prices and
quantities of wholesale produgts CNO and CM, and their production mputs - high
and low quality copra, taders” services and POMS - in the high and low quality
markets  Table 2 provides the definitions of the parameters used in the equilibrium
displacement model A constant returns to scale production funetion is assumed. .n
the strictest sense, the production funetion for CNO and CM is joint and non-separable
between inputs  For analytical purposes, a production function sinular to that of CNO
is also specified for CM This approach allows the meassrement of consumer surplus
for CM users separately from the consumer surplus for O users  Cost functions
are used as duals to the constant returns to scale producuon functions of the high and
low quality markets (as in Wohlgenant. 1982, Mullen, Wohlgenant and Farris, 1988,
Mullesi, Alston and Wohlgenant, 1989). The rationale and assumption of 4 cost
function approach in liew of a constant returns Lo seale production approach is given by
Diewert (1981

1




i. High Quality Market for CNO

The specifications of the production fumetion and its dual cost funetion, the
imtial and *with research supply and demand conditions are provided in  Appendix 2.
The system of equations m the high quality market of CNO covers two wholesale
products - CNO and CM - and four inputs  The four inputs are high and low quality
copra, traders’ services, and POMS  As stated carlier, an improved CNO processing
technology allows the substitution of low quality copra for high quality copra in
producing igh quality CNO and hence CM  The matrix form solution to the
disequilibrium model appears in Appendin 3 The changes i consumer and produeer

surpluses are estimated using the [ollowing formulas
12 ACSenon = = EPesonr Py Qenon (1 + 0 SEQuon)
13 ACSey =~ EPesit Pong Qeagne (1 + 0 SEQengy)
14 APS, = EWp Wy Xy I+ 05 EX)
15 APS, = EW, W, X;(l+ 05EX;)
16 APSw = EWs Wi Xa(1+ 05 EXa)
17 APByy = FEWar X X () + 05 EXgp)

where A denotes the change in consumer and produer surpluses; CSenan and CSenp
denote surplus to end-users of high quality CNO and CM,; PS8y, PS,. PSsy; and P8y,
respectively, refer to the surpluses to  coconut farmers producing high and low
qualities of copra; copra traders, and suppliers of POMS.

i, Low Quality Market for CNO

The svstem of equations in the low quality market for CNO cover low qualities
of CNO and CM. Unlike in the high quality market, there are only three inputs in the
low quality market - low quality copra, traders’ services and POMS. For analytical
purposes it is assumed that processors of low quality CNO utilise only low quality

copra. Following simila: reasoning in the first model, the research on improved CNO




Table 2 Definitions of Parameters Used in Equilibrium Displacement Model of the
Phifippine Coconut Industry

Parameter ~ Definition

Qexant, Qenon Wholesale quantities of CNO (He=high quality, L=low quality

Qespr Qew Wholesale quantities of high and low qualities of CM

Poson, Pesin Prices of high and low qualities of CNO

| LRI L Prices of high and Jow qualities of CM

N X Quantities of high and low qualities of copra

X, Quantity of traders’ serviges, i=H.1L

h o Quantity of processing inputs and other marketing services
(POMS), =L

W, Input prices, i=1,2,3 4

W, Input demand shifter for X, due to biased technical change

ks, Supply shifier for input X, (i=H,L)

E Relative change operator, i.e., E(Qenon) = dQenon/Qenon

My Own price elasticity of demand for final products

$ Price elasticity of supply of input i

o Fraction of total cost accounted for by input ij (i=H,L)

ji Fraction of revenue accounted for by final product i (i=CNOH,
CNOL, CMH, CML)

Gy Elasticiry of substitution between mputs

processing technology that is cost-reducing entails a movement of CNO pracessors
and production resources from the low quality market to the high quality market. This
movement of resources results in higher opportunity costs of resources in producing
fow quality CNO and hence, induces an upward shift of the supply curve for low
quality CNO  The effect of an improved CNO processing technology in the high
quality market is to shifi upwards the supply curve of POMS in the low quality market.
In the second model, the categories of substitution are as follows: substitution of
POMS for low quality copra and substitution of POMS for traders’ services. As in the
high quality market, it is assumed that traders’ services cannot be substituted for low
quality cupra.

The theoretical considerations of the production function and its dual cost
function for the low quality market, the supply and demand conditions in the *without'
and *with’ research’ conditions are contained in Appendix 4. The explicit form of the

solution matrix of the equilibrium. displacement model in the fow quality market is

oS

g




provided m Appendix 5 The changes in consumer and producer surpluses are
estimated using the following formulas:

18 ACSewan = EPewor . Pewor. Qenan. (1 + 0.5EQenar,)

19 ACSent = EPenn Qevi . Pena (14 05EQenn)

EW; W, X;(1+ 05EXy)

3

20 APS;

21 APSy © EWy Wy Xa (1+ 05EXy)

i

22 APSy EWg XM_ Xag (1 + 05 EX4[)

3. MEASUREMENT OF THE PARAMETERS OF THE MODELS AND
ANALYSIS OF EMPIRICAL RESULTS

In the empirical application of the models, a sensitivity analysis is carried out to
help investigate different economic situations for the Philippine coconut industry.
These situations are portrayed by the different assumptions about the industry In the
first model, which assumes that substitution among inputs to CNO does not occur,
different assumptions are imposed on price elasticities of supply and demand for
coconut products, size of the vertical shifts of the supply curves for copra and CNO;
and levels of price differentials between high and low qualities of copra, CNO and CM.
In the second model, sensitivity analysis is conducted not only for most of the
parameters indicated above, but also for the three classes of substitution. The three
classes of substitution are.  substitution of low quality copra for high quality copra as
an input to CNO; substitution of POMS for high quality copra; and substitution of
POMS for traders’ services. In both models the sensitivity analysis involves varying
the parameters individually and jointly.

Also, in the first model the analysis is extended to allow the research benefits
found for quality-improving research using the segregated market approach adopted in
this study to be compared with benefits obtained using the homogeneous market

approach adopted in other research assessment studies.

4




3.1 Measurement of the Conceptual Parameters

Historical data are used in the ex-ante simulation analysis conducted in this
study.  The choice and measurement of parameters of the two structural models are
confined within the limits of the available data. Econometric estimates are available for
the price elasticities of demand for copra, CNO and CM, but not for most of the
parameters of the models Because of the uncertainty surrounding most of the
parameters required by the model, a reasonable range of values is imputed in the
sensitivity analysis  The values of the parameters of the two structural models are
presented separately in Tables 3 and 4  Some variables common to both models are

represented by different symbols in each model

Table 3 Definitions and Measurements of Parameters in Assessing Quality-Improving
Research at the Farm Stage, Model I, with Fixed Factor Proportions

Parameter Value Definition
Q’en 1,187 thousand tons Production of high quality copra
%1 791 thousand tons Production of low quality copra

Q cxim 6806 thousand tons Consumption of high quality CNO

QP o 498 thousand tons Consumption of low quality CNO

Q¥cam 366 thousand tons Consumption of high quality CM

Q e, 242 thousand tons Consumption of low quality CM

Pey US$212, $222/ton"® Domestic average price of high
quality copra

Pey US$180/ton Domestic average price of low
quality copra

Pexon US$477, $487/ton’ Domestic average price of high

’ quality CNO

Pevon, US$407/ton Domestic  average price of low
quality CNO

Peam US$118, $128/ton’ Domestic average price of high
quality CM

Penn, USEUSE100/ton Domestic average price of low
quality CM

£, BrL 0.81, 2,10 Price elasticity of farm supply of
high and low quality of copra

Ten, Mo -0.593, -5, -15 Price elasticity of demand of high
and low quality copra o

Tewott, TeNo, -0.62, -2.128, -15 Price elasticity of demand of high
and low quality CNO

' The latter value is the assumed price of high-quality coconut product ‘if its priceis
increased by $10 per metric ton.




Neait, e

-043, -3, -17

Price elasticity of demand of high

and low quality CNO

Ky US$6.36".$10 60", Vertical downward shift of supply
$21.20/ton"’ curve of high quality copra, if price
of high quality copra is $212/ton
US$6 66°,$11.10", If price of high quality copra is
$22 2" ton $222/ton
k» Uss2 7, $4 5", 89"on  Vertical upward shift of supply
curve of low quality copra
vi USS14 31,823 85, Vertical downward shift of supply
$48 70/ n curve of high quality CNO if price
is $477" ton
USS14 61°,$24 35", If price of high quality CNO is
$47 70" fton $487"/ton
vy USS$6 10,810 18", Vertical upward shift of supply
$20 35" 1ton curve of low quality CNQ" |
Table 4 Defimtions and Measurements Of Parameters in Assessing
Quality-Improving Research at the Processing Stage, Model 1,
with Variable Praportions ,
Parameter Value Definition
[ J— 686 thousand tons  Quantity of high quality CNO
Qent 3606 thousand tons  Quantity of high quality CM
Qenan 198 thousand tons  Quantity of low quality CNO
Qe 242 thousand tons  Quantity of low quality CM
Pevon 1JS$477/ton Domestic average price of high quality CNO
Pen USS118/4on Domestic average price of high quality CM
Penin US$407/ton Domestic average price of low quality CNO
Peay 1J$8100/ton Domestic average price of low quality CM
X, 1,187  thousand Quantity of high quality copra
tons
1"

.

-
P

s
w

-

£

A ssumng 3% vertical shifi of supply curve of high quality copra.
¥ Assuning 5% vertical shifi of supply curve of high quality copra.

Assuming 10% vertical shifi-of supplycurve of high quality copra,
Assuming 1.5% vertical shift of supply eurve of low quality copra.

Assuming 2.5% vertical shift of supply curve-of low quality copra,

Assuming 5% vertical shift of supply curve of fow quality copra.

' Price effects on high quality CMare $1.77°, $2.95", $5.901”’ton..ifipriccf:oﬂiigh

quiaity CM is $118/ton.

" Pprice effects of high quality CM are$1.92%, $3.20', $6.40" /ton , if price-of high quality. ‘

CM is $128/on,

' Price effects on‘low quality CM are $1,5%%, $2.5"%, $5"ton.
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X; 791 thousand tons  Quantity of low quality copra

Xy 686 Index of quantity of traders’ services, high
qulity market ‘

X 498 Index of quantity of traders’ services, low
quality market

Xa 086 Index of quantity of POMS in high quality
market

Ny 498 Index of quantity of POMS in low quality
market

W, US$212/ton Domestic average price of high quality copra

W, US8180#0n Domestic average price of low quality copra

Wiy LISSS1/ton Cost of traders’ services in high quality
market

Wiy USs43hon Cost of traders’ services in low quality
market

W41 US$214/t0n Cost of POMS in high quality market

W42 US8184ton Cost of POMS in low quality market

Kay 3%, 5%, 10% Vertical downward shift of the supply curve
of POMS in the high quality market

kg 1 5%,25%, 5% Vertical upward shift of the supply curve of
POMS in the low quality market

I, 1/ Input demand shifter in high and low quality
market, 1 = 1,2,3.4

Ex1, X2 081.2 Price elasticity of supply of copra

€11, E1 1§ Price elasticity of supply of traders’ services

Eq, By 1.5 Price elasticity of supply of POMS

Tlesot, Tesol -0.62, -2 128 Price elasticities of demand for CNO in the
high and low quality market

Neatt, NMeng -0 43, -3 Price elasticities of demand for CM in the
high and low quality market

P1.P2 44% Fraction of iotal cost accounted for by high
and low qualities of copra

PPt 11% Fraction of tota] cost accounted for by
traders’ services used in high and low quality
markets '

Pa, Pl 45% Fraction of total cost accounted for by
POMS used in high and low quality markets

[TETR I 80% Fraction of total revenue of high and low
quality CNO

Man, Hat 20% Fraction of total revenue of high and low
quality CM

O3 0,01,05 Elasticity of substitution of low quality copra
for high quality copra

Gy, Ogra 0,0.1,05 Elasticity of substitution of POMS for high
and low quality copra

O3, 0413 0, 0.05, 0.1 Elasticity of substitution of POMS for

traders’ services

7 The approach used in deriving the size of input demand shifters and the resulting
values are provided in the Appendix 6.
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3.2 Ewpirical Analysis, Model 1: Quality-Improving Research in the Farm
Stage, With Fixed Factor Proportions

3.2.1 A Bascline Analysis. The starting point of analysis is the empirical
results from the following baseline values of the key parameters. inelastic supply of
farm output, elastic demand of final products, and vertical shifts of the supply curves
of high and low quality copra, respectively, equal to 3% and 1 5% of their farm
prices  The size and distribution of baseline benefits arising from research on an
improved copra dryer in the Philippines are given in Table 5. The changes in prices
and quantities of copra, CNO and CM are given in Table 6

Mot of Plilippine CNO and CM production is exported. It is assumed that
the improvements in copra drying technology in the Philippines are not adopted in the
ROW  Hence, the consumer benefits and losses in CNO and CM in both the high and
low quality markets exclude those aceruing to the rest of the world (ROW). Based on
the proportions of Philippine CNO and CM exports to total production, it ean be
established that benefits accruing to ROW - consumers’ gains net of producer losses -

amount to more than 50% of benefits received in the Philippines in the baseline case.

Table 5 Estimated Yearly Benefits (Losses) from Research Benefits Losses on
Improved Copra Dyer Technology in the Philippines
(In million US dollars)

Baseline values: inelastic supply of farm output, eqy, €31, = 0.81; elastic demand for
wholesale processed produets, Neson, Nevor. = -2.128; Newy, Mo = =35 kay = 3%,
kz; = 1 5%.

Recipient High Quality Low Quality Net Benefits
Market Market (Losses)

, — M % M % SM %

1. Copra producers 6.56 86 (183 70 473 95

2. CNO producers 1.04 14 (0.78) 30 026 5

3. CM consumers 0.03 1/ (0.01) v 002 1/

Aggregate 7.63 100 (2.62) 100 5.0l 100

1/ Less than 1%,
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Table 6 Change in Prices and Quantities from Research on Improved Copra Dryer
Technology in the Philippines
(In million US dollars)

Baseline values: Prices ($ton) - Copras  $212(H), $180(L); CNO: $477(H),
$407(L), CM  $118(H), $100(L), Quantities (thousand tons) in the high and low
quality markets, - C‘me 1187(H), 791(L), CNO:_86(H), CM: 366(H), 24

Coconut Product High Quality Market  Low Quality !

. Yo Yo
1 Copra

a Change in farm price (042) 0.21

b Change m quantity 21 (0.01)
2 CNO

a Change in wholesale price (150) 1.72

b Change in quantity 321 (1.61)
2 CM

a Change in wholesale price (0.74) 035

b Change 1o guantity 2.19 (1.24)

Note All other parameters are at baseline values Values in parentheses indicate
percentage decrease

As Table S shows, a very large percentage of the benefits to research in the
domestic market accrue to coconut farmers producing high quality copra Only 5% of
the market benefits are received by consumers of high quality CNQ. Welfare losses of
coconut farmers in the low quality market are 28% of the benefits of farmers in the
high quality market Domestic consumers of low quality CNO experience welfare
losses, offsetting three fourths of the gains to domestic consumers of high quality
CNOQ. Reflecting the smaller quantity of CM relative to copra and CNO, copra meal
has the smallest share in aggregate benefits in the high quality market and in
aggregate losses in the low quality market.

The cost-reducing effect of research on an improved copra dryer technology
causes more coconut farmers to adopt the improved technology. As a result, more
high quality copra is produced (Table 6). Larger producer surpluses accrue to the
high quality market. Given the elastic demand for CNO and CM, consumers of high
quality CNO and CM in the domestic market and ROW increase their consumption
sigr;i'ﬁcantly in response to the price decrease for high quality coconut products. The
difference for what consumers are willing to pay and their actual expenditures increase

with the fall in prices; their surplus therefore rises.
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Following the arguments in section 2, the movement of coconut farmers from
the Jow quality market to the high quality market causes a reduction in quantities and
increase in prices due to the higher costs of production (Table 6). Consumers of low
quality CNO and CM can buy smaller quantitics because of the price increase. As a
result, coconut farmers producing low quality copra suffer welfare losses. Producer
losses are interpreted as the rents to the production resources and entrepreneurial
profits forgone resulting from the movement of coconut farmers to the high quality
market and the corresponding decline of quantities of low quality coconut products.

3.2.2 A Sensitivity Analysis For illustrative purposes, the baseline values of
the parameters were varied individually and, for some parameters, jointly. The
research benefits derived are always compared with reference to the baseline results

a. Vertical shift of the supply curve for copra. The size of the vertical shifts
in the high and low quality sectors, measured as cost reductions (increases), affect the
magnitude of aggregate benefits and Josses but not their distribution (Table 7). For
every additional percentage point in the size of the vertical shift over that in the
baseline case, the estimated increment to yearly aggregate benefits to the high quality
market is $2 6 million while the increment in the aggregate loss to the low quality

market is about $1 7 million (Table 7, bottom row).

Table 7. Effects of Increasing the Size of Vertical Shift of the Sunply Curve for
Copraon Estimated Yearly Benefits (Losses) from Research on Improved
Copra Dryer Technology in the Philippines

____ Recipient High Quality Market Low Quality Market

ks 3% 5%  10% 1.5%  25% %
in percentages in percentages

1. Copra producers 86 91 91 70 86 86

2. CNO consumers 14 9 9 30 14 14

3. CM consumers 2/ 2/ 2/ 2 2/ 2/

Aggregate 100 100 100 100 100 100

$7.83  $12.80 $25.88  ($2.62) (84.30)  (88.50)

2/ Less than 1%.

Note: Except for the shift of the supply curve for copra (ky; ), all parameters are at
baseline values
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b, Elastigities  The price clasticity of demand affeets the distribution of
research benefits while the prive clusticity of supply affects both the size and
distribuuon of research benefits from un improved copra dryer technology (Table 8).
These findings confirnt the results of Dunean and Tisdell (1971), Akino and Hayami
(1975), to name a few  From their baseline values - inelastic supply for ¢opra and
elasue demand for ONO and CM - the clastieities of supply and demand are varied,
first, snchiadontly and then jottly

i Demand clasticities  Under conditions of more elastic demand for CNO
and CM, yearly aggregute research benelits in the high quality 1, .rket did not vary
much  In the Jow quality market however, welfare fosses increase by 26%, reducing
the benefits by 16% (top of Table 8) The pattern of distribution of research benefits is
unaltered - fugh qualty cooenut producers receive an even farger share of  the
apgrepate benefits and lower share of Josses  The rationale behind this is that copra
farmers in the high quality market can choose o supply larger quantitics of their
praduce a1 igher prces  In other words, the decrease in the price of high quality
capra 1s less than the production cost-reducing effect of research on improved copra
dryer technology  The benefits to consumers of CNO and CM  are smaller and their
losses are greater

i, Supply efasticity As the price elasticity of supply of copra beeames ¢jastic
the size and distribution of research benefits and losses in both markets change.
Benefits to research fall by 9% compared with the baseline (middle of Table 8).

ili, Supply and demand elasticities  When supply of copra becomes clastic
and the demand for CNO and CM become more clastic, aggregate benefits did not
vary much, aggregate losses increase by 45% (bottom of Table 8). Net benefits are
reduced by 28% . Producers of high quality copra reccive larger share of apgregate
benefits and the share of low quality producers of copra decreases.  Conceptually,
given more elastic demand for CNO apd CM, producers of high quality copra can
inerease the price of their produce.  The benefits accruing to consumers of high
quality CNO and CM decrease while Josses 10 consumers of low quality CNO and CM
increase.




¢ Quality price differential.  An increase in the price differential between
high quality and low quality coconut products affeets the size of aggmgm benefits in
the high quality market, without a significant effect on the allocation of benefits, !?;),r
every $10 per ton increase in the prices of high quality copra, CNO and CM, with
constant prices of the same products m the low quality market, yearly aggregate
benefits in the high quality market inerease by one-third of a million dollars or 4.5%
from the baseline results (Table 9)  Benefits in the low quality market are unaffected.
Net benefits increase by 7% for each $10 per ton increase in the prices of high quality

copra

Tabie 8 Effects of Varying Price Elasticities of Supply of Copra and Demand for
CNO and CM on Estimated Benefits (Losses) from Research on Improved
Copra Dryer Technology in the Philippines
(In million LIS dollars)

Industry Sitwation  High Quality Low Quality ~ Net Benefits
Market Market (Losses)
M % M % M %

Ky = 3%,k 1 5%
I Een 8y =081
Fesecnigs Viewon ™ - 15

Newtta, Neag = -17 ,
a Copra producers 725 96 (201) 6l 524 83

b CNO consumers 026 4 (130) 39 (1od4) (a7

¢ CM consumers 0.01 i (0.002) i 0.01 1
Aggresate 752 100 (3.31) 100 421 100

2 ey, Beg = 2

Newen, Newon = -2 128,

Neas, New. = -3 ,

a Copra producers 5.51 73 (1.51) 60 400 88

b CNO consumers 1.50 21 ©.97) 39 0.53 11

c. OM consumers 0.06 J 002y 1 0.04 I
Aggrepate 707 100 (2.50) 100 4.57 100

3ot ea=2

Newors, Neon™ =15

Nea, Mo = -17 , N

a. Copra producers 6.84 92 (1.86) 49 400 88

b. CNO consumers 056 8 (1.99) 44 (1381) (22

2)
e CM consumers 002 U (0.0 ‘!(')70 1/

Aggpregate 742 100 ¢
for the:price elasticities of supply an
baseline values.

17 Less than 1%.




Table 9 BiYeets of Quality=Price Dillerential
from Research on Improved € y
{In million Us dmﬂnr‘s)

Reciprent High Quahty Low Quality

Muarket Market (Losses
e . M % %M Y% M %
I Copra producers: 0 87 80 (183 70 504 94
2 ONO producers o7 14 @78) 30 029 5

3 (;‘M uwmnnms 004 1/ B0 ¥ (.03 1/
g 798 100 (202) 100 536 100

st for prices of high quality copra, CNO and CM, all parameters are at
baselme values  The prces of igh gquality copra, CNO and CM are ingreased
17 L.ess than 1%

32,3 Assessing Research Using o Homogeneons Commodity Appronch
and a Quality-differentiated Commodity Approach.  For comparative purposes,
the benefits to research onmproved copra dryer technology are also measured using 4
homogeneous market approach  This approach -has been used by Unnevehr, 1986 kmld
Voon and Edwards, 1991 - treats copra, CNO and CM in a single market withoot
quahty distmetion  §t also assumes complete replacement in production of high quality
coconut products for those produced using the eurrent technology in the absence of
research  The comparitive analysis i this case mdicates that the single homogeneous
market approach tends 1o overesumate measured benefits to research by two-thirds
(Table 10)

Table 10 Estmates of  Yearly Research Benefits from Improved Copra Dryer
Technalogy in the Philippines Using a Homogeneous Market Approagh
Compared to a Quality-Segmented Market Approach
(kn million LIS dollars)

Recipient Homogeneous Quality-Segmented Market Approach
Market Approach ‘

Aggregate Benefits, Net

High Quality Matket  Benefits]/
$M ™ ™
I Copra produces 10 94 ' 65 4.73
2 CNO consumer 213 1.04 0.26
3 CM consumer 00002 0.03 0.02
Apgrepnte 13.07 | 763 501

‘Note All parameters are at baseline values
I/ Aggregate benefits in high quality maket less the aggregate benefits in &ht} Jow
quality matket
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3.3 Empirical A’il;i,lysiss Modeldl: Quali
Processing Stage, With Vagiable P

<Improving Research in the CNO
‘oportions ’

3.3.1 A Baseline Analysis  The bascline values of the parameters of the
second model, which evaluates the impacts of research that results in an improved
CNO processing technology in the Philippines are: elastic demand for CNO and CM;
melastic supply of copra, perfectly elastic supply of traders’ services and POMS; lower
bound estmates of the vertical shifts of the supply curves for POMS; limited
substitution of low quality copra for high quality copra, and limited substitution of
POMS for high and low quality copra, and for traders’ services. The baseline resultes
are reported in Table 11

Approximately two-fitilis of the agregate benefits in the domestic high quality
market 15 counteracted by welfare losses i the low quality market (Table 11). Those
losses. as conceptualised in an earlier section, are the henefits the producers and
consumers in the low quality market have to relingussh as production resources shift (o
the high quality market due to technologica! search in that market.

Producers of b quality copra receive approximately one-balf of aggregate
research benefits accrumng in the high quality market  Due to substitution of low
quality copra for high quality copra, research benefits also accrue to producers of low
quality copra. Because of the umited degree of substitution, their benefits however,
represent merely 13% of benefits received by high quality copra producer, their share
of aggregate research benefits is 6%  In the low quality market, where substitution is
assumed not to occur between high and fow quality copra, the producer scctor
comprises mainly coconut farmers prodacing low quality copra. Their losses represent
two fifihs of aggegate tosses in the low quality market,

In both markets, the producer sector reccives more than half of aggregate
benefits and two-fifihs of apggregate losses. The domestic consumer sector (users of
CNO and CM) receives the smallest share uf aggregate losses, The results unply that
since Philippine CNO and CM are largely exported, most of the consumer berefits and
losses resultine 1w research in an improved CNO processing technology are
channeled to use » of these products in ROW.




Table 11 Estimated Yearly Denefits (Losses) from Research on Improved CNO
Processing Technology i the Philippines
{n million US dollars)

Baselime values  Howom T -2 128, oo Henn = -3, Bxy, 850 = 0 81, 85y, 8 = |
= F%, R = 1 5%, op . on ., o =010, o= 05

Reciment Fligh Qualty Low Quality Nel Benefits
Market Market {Losses)
M O ™ % $M %

I High quatlity

copra producers 390 48 (136) 4] 303 08

2 Low quality

copra producers 05! 6

3 Copra traders 122 15 @i N 086 19

4 Supphiers of POMS 172 21 {118) 15 ) 54 12

5 MO consumers 3 69 8 { {1 GB) 10 001 I/

6 ¢ M consumers 014 2 {0 08) 3 (.06 i
Agprepate BI18 100 (368) 100 450 100

1/ Refers to research benefits received by producers of low quality copra and in
producig high quality CNO

2 Derived by subtracting the losses m the low quality market from the total research
benefits to coconut farmers producing high quality copra and to those producing low
quality copra used n the high quahty CNG market  For this reason, there are no
entries of losses and net benefits for low quality copra producers

The assumed non-constant costs of traders’ services and of POMS in the
secand model permits the measurement of welfare effects of research to the marketing
sector of the Philippine coconut indust,y. With a limited degree of substitution, the
marketing sector (copra traders and suppliers of POMS) receives about one-third of
aggregate benefits and the largest share in welfare losses, 46%.  Suppliers of POMS
alone receive about one-fifth of aggregate domestic benefits and one-third of agpregate
fosses.

33,2 A Sewsitivity Analysis.  Baseline values of the following parameters in
both high and low quality markets are varied individually - size of vertical shift of
supply curve for POMS, price clasticity of demand for CNO and CM, and price
elasticity of supply for inputs 1o CNO. The parameters demand and supply elasticitics
are varied jointly on the one hand, and jointly with the degree of substitution among

inputs on th:. othes.




a. Substitution effects. The effect of the elasticity of substitution among
the inputs into CNO on research benefits is illustrated by two-non-baseline “sittuatignﬁ
of input substitution  In the high quality market, the elasticity of substitution of low
quality copra for high quality copra is increased from its baseline value of 0.10 to 0.50,
and the elasticity of substitution of POMS for traders’ services is increased from 0.05
t0 0 10 In the low quality market, the sepsitivity analysis is confined to increasing the
elasticity of substitution of POMS for low quality copra from 010 1u 0.50, and the
elasticity of substitution of POMS for traders’ services from 0.05 to 0.10. In the
second non-baseline situation, non-substitution of inputs to CNO in both markets is
assumed (Table 12)

i» Higher degree of substitution  Inereasing the degree of substitution
among mputs to CNO in both quality markets changes the size and allocation of
benefits and losses from research  Net henefits increase, with about half aceruing to
the producer sector  Under conditions of ligher elasticity of substitution among key
parameters of the model, half of aggregate benefits in the high quality markel acerue to
the marketing sector. The share of POMS increases by about 70% from its baseline
value, while the share of copra traders remains the same. The share of aggregate
gains aceruing to coconut farmers producing high quality copra decrease by more than
half their share in the limited substitotion baseline ease.  The domestic consumer
receives anly 11% of aggregate gains to research. (Table [2).

In the low quality sector, CNO consumers’ share of aggregate losses trebled
compared to their share in the bascline analysis. With greater substitution of POMS
for low quality copra, the share of coconut farmers producing low quality copra
deerease by more than one-half

ii, Non-substitution of inputs to CNO. In the empirical situation of non-
substitution of inputs to CNO, the size of aggregate benefits decrease by 85% from the
baseline of limited substitution. Aggregate losses to research however, increase by
32%, decreasing net benefits by about one-half.  As with baseline results, in the high
quality market cogonut farmers producing high quality copra receive the largest share
of apgregate research gains. Coconut farmers producing low quality copra bear the
biggest portion of welfare losses.




b. Vertical shift of the supply curve for POMS. In the high quality market,
increasing the vertical downward shifl of the snpply curve of POMS from 3% to 5%
results in greater aggregate benefits (Table 13). For every one percentage point
increase in the supply shift of POMS, aggregate yearly bencfits to research increase by
$3 million If the downward shift of the supply curve of POMS increases further to
10%, the esumated yearly benefits to research rise by $2.5 million per percentage
point  Some changes in the distribution of benefits are observed. At the higher bound
estimate of the downward shift of the supply curve of POMS, the share of the
marketing sector increases by 39% with a corresponding decrease in the share of the
producer sector A plausible reason for those changes in the allocation of aggregate
research benefits is the slower response of the prices and quantities of CNO and CM to
the price decrease of POM  In the low quality market, welfare losses to suppliers of
POMs are reduced As with the baseline figures, the largest share of aggregate losses

is borne by the producer sector

Table 12 Eftects of Difterent Substitution of Inputs to CNQ on Estimated
Yearly Benefits (Losses) to Research on Improved CNO Processing
Technology in the Philippines
(In million US dollars)

Baseline values  Gay, G . 612 = 050, 6= 0.10; kgr = 3%,L = 1.5%; Nexans Mexow
= -2 128, Neam, Nesmt, = -3, €cm, Exer= 081 &, 8p =1 Bxcept for elasticities of
substitution, all parameters are at baseline values.

Industry Situation/ High Quality Low Quality Net Benefits
Recipient Market Market (Losses)
$M % M % M %
Oz, On,0n2 = 0.50,
Tz = 0.10
1. High quality copra 28 22
producers
2. Low quality copra
producer 1.85 19 037y 17 3.66 49
3. Copra traders 1.47 15 (0.53) 24 094 12
4. Suppliers of POMS 3.24 33 (0.44y 20 2.80 37
5. CNO consumers* 0.95 10 0.72) 32 023 3
6. CM consumers 0.05 i ©.16) 7 0.11) (0.11)
Aggregate 9.74 100 (2.22) 100 7.52 100

O3y, 041,042 O3 =0
1. High quality copra ‘ ’
producers 4,10 59 39) 54 171 69
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2. Low quality copra

producers
3. Copra traders 0.75 I (0.52) 12 0.23 9
4. Suppliers of POMS 0.87 13 (0.57) 13 030 12
5. CNO consumers 0.96 14 (0.76) 17 0.20 8
6. CM consuiners 0.24 3 (0.18) 4 0.06 2
Agpregate 692 100 {442y 100 250 100

Table 13 Effects of Increasing the Size of Vertical Shifl of the Supply Curve for
POMS on Estimated Yearly Benefits(Losses) from Rescarch on Imporved

CNO Processing Technology in the Philippines

Baseline values o3, 0u O = 050; 043= 0.10; kay = 3%,L= 1 5%, Newan, Nexow

=22 128, Neapt, Meag. © =3, Bew, 8xer.™ 081, e, gp = ]

parameters are at baseline values

Except for ka and Ky all

Recipient High Quality Low Quality Net Benefits
Market Market (Losses)
K, 5% 10% 5% 10% 5%  10%
T In USS$ wnillion - we---
1. High quality
copra producers 7 68 10 60 (2.86) (523) 5.56 7.11
2. Low quality
copra producers 0.74 1.74
3 Copra traders 197 415 (0.70) (0.94) 1.27 3.21
4. Suppliers of
POMS 221 8.62 (0.14) (0.27) 2.07 8.35
5. CNO consumers 1.02 071 (0.72) (138) 030  (0.67)
6 CM consumers 0.29 0.18 (0.16) (031) 0.13 (0.13)
Aggregate 1391 26.00 (4.58) (8.13) 9.33 17.87
R R in percentages R
1 High quality
copra producers 55 41 62 64 60 40
2. Low quality
copra producers 5 7
3. Copra traders 14 16 15 12 14 18
4. Suppliers of
POMS 16 33 3 3 22 47
5. CNO consumers 8 2 16 13 3 @)
6. CM consumers 2 1/ 4 4 1 (€D)
Agoregate 100 100 100 100 100 100

1/ Less than 1%.

28




¢. Price elasticities of supply and demand. If the demand for CNO and CM
becomes more elastic (from an elastic assumption in the baseline situation), more than
half the aggregate gains and losses to research accrue to suppliers of POMS (Table
14). The share of the producer sector in aggregate gains and losses decrease, The

domestic consumer sector receives a higher share of gains in the high quality market as

Table 14 Effects of Elasticities of Supply and Demand on Estimated
Benefits(l.osses) to Research on Improved CNO Processing,
Technology in the Philippines
{in million US dollars)

Baseline values  on. 0xy ., 00 = 050, Ga= 010,k = 3%, k= 1.5%; Mevon,
Newor = -2 128, Newn, Ness = -3, 8en, Exer = 0.81, &, €0 = | Except for elasticities
of supply and demand, all parameters are at baseline values.

Industry/Situation High Quality ~ Low Quality Net Benefits
Recipient Market Market (Losscs)
M % M % M %

Nesants Mesen = 1S, New, Neng = 17
£en, £cr = 81, €1, gp = |

1. High quality 063 13
copra producers
2 Low quality 001 I/ (038) 12 0.26 16
copra producers
3. Copra traders oo iH 021y 6 020 (2)
4 Suppliers of POMS 310 64 (1.92) 59 1.18 75
5 CNO consumers 0.88 5 (0.63) 19 0.25 16
6. CM consumers 221 22 014) 4 0.08 5
Aggregate $4.85 160 ($3.28) 100 $1.57 100

Nexod, Newon = = 62, Neam, Mo, = -.43
Een, L = 2,8y, Ep =5

1. High quality 2.14 36
copra producers

2. Low quality 0.17 3 (0.70)
copra producers

3. Copra traders 1.22 20 (0.09)

4. Suppliers of POMS ~ 2.46 41 (0.58)

5. CNO consumers 2/ (0.05)

6. CM consumers 2/ .01y

Agpregate §5.99 100 _ ($1.38)

17 Less than 1%; 2/ Nil.
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well as a higher share of losses in the low quality market.  In a situation where the
supply curve of copra is assumed 1o be elastic and the demand for CNO and CM are
inelastic, the marketing sector receives the biggest increase in net benefits compared
to baseline results. Producer sector’s share in aggregate benefits in the high quality
market decreases, while its share in aggregate losses in the low quality market
increases  With smaller quantities of high quality CNO and CM used by domestic

consumers, thew share in aggregate benelits falls befow its already low baseline level,

4. POLICY IMPLICATIONS

Some implications of the results form the empirical analysis — are  drawn  for
research poficy in the Philippine coconut industry  These implications relate to the
pursuit of both efficiency and distributional objectives of rescarch policy

One implication follows directly from the fact that the size of the cost reduction
achieved in producing copra or coconut products of a given quality is a key
determinant of the size or research benefits  This implication is that to maximize
benefits from research, resources need to be directed 1o those areas offering the
prospect of the largest cost reductions  This is a simple point but an important one.

A second implication follows from the reality that research benefits arise from
research at the CNO processing stage as well as at the copra farm stage. The
implication is that if the government, through PCA, is concerned with getting the
highest returns to limited research resources, it needs to consider research at both
stages  While the PCA undertakes some research at the CNO processing stage, its
rescarch efforts are directed predominantly to the farm stage. Even accepting the part
played by equity objectives in coconut industry research, it seems likely that this focus
on farm stage research reduces economic benefits from research,

Just as farmers may gain as much from research at the processing level as from
farm research, processors may gain as much from research that reduces costs at the

farm level as from research at the processing level.  Most processing research in:the

firms cooperate in carrying out research. It would appear that the processing se
has a profit incentive to consider research opportunities at the farm fevel.
therefore not the clear need for the government to: be concerned




between farm stage and processing stage research undertaken by processors as there is

Another implication is suggested by the finding that net research: benefits
increase with the elasticities of substitution. This implication is that activities directed
to increasing these elasticities of substitution would yield a benefit through enhanced
payoft from research, as well as the direct benefit. The scope for increasing research
benefits in this way merits further consideration.

According to mainstream economics, research is not an efficient way of
achieving objectives other than increasing the economic productivity of resources
(Alston, Norton and Pardey, 1995) Nevertheless, many governments attempt to
achieve objectives other than increasing economic efficiency through research policy.
The Philippine government is one of these.  Research policy objectives of the
Philippine Department of  Agriculture include: equity, employment generation,
efficiency, and agricultural sustainability (Lantican and Buetre, 1991). A popular
argument for emphasising equity considerations in the context of the Philippine
coconut industry is the prevalence of low-income landless workers and small coconut
farmers. While the government - being concious of its social importance -
attempts to redress this problem through research, it also recognises the important
abjective of attaining efficiency in agricultural production in the country’s long-term
bid for industrialisation. The latter objective requires that research and development
be geared towards the large farmers.

A general feature of the present study is relevant to the use of research policy
to achieve equity objectives. This feature is that research benefits in a multistage
production process are shared among stages. That is, it is not possible for research to
be used to direct benefits to just one stage, as might be desired on equity grounds,
Under the conditions of model 2, for example, the research benefits from ;a':ryedu'cﬁgn,

in costs at the farm stage are shared between farmers, copra traders, processors and

consumers. The distribution of research benefits that occurs with a given: st
relationships between the various stages may differ greatly from the distribution

accords best with the equity objectives of research:policy.




Another equity implication follows from the relationship between. quality-
improving research and the size of the low quality segment of the coconut
industry Although the present study finds that the low quality coconut sector
experiences a reduction in egonomic surplus due to quality-improving research, that
needs to be viewed in the contest of the reduction in the size of that sector due to the
research  This 15 consistent with the Philippine government’s objective of developing
the low quality component - closely associated with the small farm, low income
segment - of the coconut industry  That is, quality<improving research facilitates the
movement of coconut farmers oot of the backward, low quality section of the industry.
In this way research contributes to the objective of enhancing the development of the
waorst-ofl part of the coconut mdustry  This 1s not necessarily to aceept that research
15 the most cost-eflective way of addressing the small farm/low income problem.

There are two reasans why benefits to coconut research in the Philippines are
less than therr potential  Furst, for broader social and equity reasons, the objectives of
research are not confined to mercasing economic efliciency The pursuit of these social
objectives through research invalves cost in terms of forgone efliciency gains  Second,
procedures for allocating research resources in accordanee with objectives are not well
developed  Ewven accepting the part played by non-efliciency objectives in coconut
ndustry research, there is substantial scope for increasing research benefits by better
economic assessment of research  Indeed, the importance of rsysizcma;,ic economic
evaluation of research is inereased given that limited research respurees are used partly

for objectives other than enhancing economic efliciency.
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Appendix 1. Demand and Supply Equation in the “With” and “Without”
Reserach on Improved Copra Dryer Technology

Without Research With Research
(1 Q%™ 2 - o Pou {(1'y Asfor (1)
(2) Q ean = b= Bilea 2y Aslor (2)

3 Q% = Q% Q% (3 Asfor (3)
QSW g e @il

4 Qﬁvmn = A 3 Pesn (4 Qo = d + vy, + YiPewsonz
(%) Qh«“; =gt diPe, (5") Qﬁmz =g+ kdy + diPey

where e = a ¢ b, 0, = o, *f =1 2. 1 for high quality market, 2 for Jow quality
market), v, 1s the total vertical shift of supply curve for CNO, e, v, = vit v, ah,
e d, g are the mtercept terms, o, f3, ¢ y. d are the demand and supply price slopes;
o Nenor (Q%won? Penod, 1= Hy L, M for high quality, L for low quality,

Bo= newy (Qwnd Penn)s 6, ney (Q%/ P, 1= eown (Qlenn/ Pencn), §i= £y

(Q%/ P.), 1 s price elasueity of demand, and & s price elasticity of supply.

Appendix 2. Research on Improved CNO Processing Technology: Initial
and “With” Research Supply and Demand Conditions for the
Equilibrium Displacement Model, High Quality Market

A constant returns to scale production function js assumed. 1In the strictest
sense, the production function for CNQ and CM is joint and non-separable between
inputs. For analytical purposes, a production function similar to that of CNO is also
specified for CM. This approach allows the measurement of consumer surplus for CM

users separately from the consumer surplus for CNO users.

The produetion function can be written as
(1) Yu=(Qoxon, Qemr) = Fis (Xi, Xz, Xanr, Xan)
Equation (1) cam be rewritten as

(2) Qexon = Gur (Xa, Xz, Xy, Xant)
() Qennt = G Xy, Xa, Xan, Xan)
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A cost function is used as a dual to the constant returns to scale production
described above (see for example Diewert, 1981)

Following the procedure of Mullen, Wohlgenant and Farris (1988), cost is
minimised subject to a given level of output, Yy Yy is linearly homogeneous in‘the
input X,= (i~ 1,2, 3,4). The cost function can be expressed as

(4) Cu = cu (W, Wp, Wy, War) Y

Shepard’s Lemma is applied to the total cost "inction to obtain output

constraned input demand functions

#

X, = gy (Wi Wo, Wiy, Wyp) Yy
o= @ (Wi Wa Way, W) Y
Xo = g (Wi W Way, Way) Yy
X = g (Wi, Wy, Wayy, Wy Yy

Maximisation of revenue is subject 1o a constrained level of inputs, G.
Because of homogeneity conditions, the revenue function is also separable.

(5)  Ru=G r(Peson Posn)
oF
Rewoms = Gy r (Pesaonr, Pongyy)
Remn = G v (Pewons, Pengs )

Input-constrained product supply functions are obtained by applying Hotelling’s
lemma

Qexon = 1y (Pewon, Penny)
Qzenai = 12 (Pexon, Pesmy)

The initial equilibria in product and input markets are as follows:

Final product demand:

High quality coconut oil (6)  Qewon = fi (Peyon)

High quality copra meal (7 Qesn =) (Penon)

Equitibrium conditions (8)  Pevon = g1 (Wi, W, Wa, Wanr)
(9)  Posn = g (Wi, Wo, Wan, Wani)

Input demand:

High quality copra (10) Xy = my (Wi, Wa, Was, W) . Y
Low quality copra (1) Xz = mp(Wy, Wa, Wan, Waig, wa) . Y
Traders’ services (12)  Xan = m3 (W, Wa, Wan, Wan, yian) . Yy
Processing and (13) Xar = my (Wy, W, W, Wy, Wian) . Yir

Other Marketing Inputs




Input supply (14) Wy =m(Xy)
(1Y Wa=m(Xy)
(16) Wiy = na(Xay)
(7 Way = ma(Xan, k)

As in the model of Muilen, Wohlgenant and Farris (1988), the share-weighred
sum of the relative changes in the demand for inputs (equations 10 to 12) is equal to
the relative change in outputs  The shift in the supply curve for POMS due to biased
technical change is proportional to the shift in demand for copra, traders’ services and
POMS ansing from biased technical change  The estimation of the demand shifts for
copra and traders’ services are provided in Appendix 6.

Small disturbances {rom initial equilibrium conditions due to adoption of new
technolugy alters prices and quantities  The changes in prices and quantities can be
approximated linearly by total dsfferentiation of equations (6) to (17) and converting

them to clasticity forms  The log-linear differential equations are’

(6") F(Qenm ) = (M Mesom ) B Poxon)
(7") E(Qenp ) = (1 ovu ) E (Pon)
(8%) Heson BEPevon ) = py E(W) ) + p2 B(W2) + ps B(Wa) + py B(Wa)
(97 Heams BEPon ) = py B(W ) + p2 BE(W, ) + ps E(Wa) + ps BWan)
(10" E(Xy )= -(proa + pyony + pson ) B(W, )+ proy B(W) +

ps oy B(Wsn) + paosy B(Wa) + E(Yn) + E(yn)
(1) E(xz2 ) =pion B(Wy ) -{pron + paon + pyon ) BW,) +

pr oy B(Wa) + paoy; E(Way) + E (Y u) + E(ya)
(127) E(Xsu ) = pros E(W) ) + (p2os2 E(W2) - proy + paos +

ps O B(Wa) + pagas E(Wa) + E (Yi) + EQyan)
(13" E(Xa ) = prog B(W; )+ (paosa B(W2) + paop E(Way) -

(prog * prag + paoa) BE(Wa) + B (Y )+ EQyn)
(147) EW, ) = s B(X))
(157) E(W;:) = 5: E(X2)
(167 E(Wan) = s3 E(Xan)
(a7 E(Wa) = s¢ E(Xur) + Elkan)

The above system of e uations can be solved numerically to give solutions for
the relative changes in input and output prices and quantities as functions of the
demand and supply shifters. First, the model is tranformed so that the exogenous
shifters are on the left-hand side. The model may be represented as

E (Qenou ) - newoy B (Pexor) = 0
E(Qesn) - Mo B Pev) = 0




pewan B(Peson ) - py BOWy ) - p2 BIW2 ) - pa B(Way) - ps B(Wyy) =0
Hennt BCPenm ) = pr BOW) ) - p2 B(W2 ) - ps EOWan) ~ pa B(Way) =0
B(Xy )+ (paoy + psoy + pyan ) E(W,) - proy BW,) -

pa oy B(Wui) - peon BE(War) - BE(Y)-E(yn) =0
E(X;)-pray BIW Yt (o 4 mon + padsn ) B(W;)-

pray BWa) 4 pion BWa) = EY ) -EQy) =0
E(Xai ) - prow BOWy ) - (ppoip (W) + (mos + paos +

paoas E(Wag) - paos B(Wai) - E(Yy) - EQyay) = 0
E(Xai )~ mos BOW, ) - prog BE(W2) - psog (W) +

(praa + prog v mog) B(Wa) - E(Yy) - By =0
(W3 ) - s B(Xy )= 0
F{W,: ) - s B(X; )= 0
FE(Wag) - 5 B Xsy) = 0
E(Wan) - sa BEQXan) < Blkan)

In matris form, the model is written as
Mu Y« Xn

where H represents the high quality market, My is a matix of market parameters; Yy
15 a vector of changes in the endogenous variables, i e, prices and quantities, and Xy
15 & matnx of percentage shifts in the exogenous variables  The matrix form for the

disequilibrium model can be written in its explicit form in Appendix 3




Appendix 6, Input Demaad Shifters of a Biased "J’:ce!miiz;;lﬁ!;sm.»gsi,f!:x#!_mm:ﬁc!
CNO Processing Technology

Following Mullen, Woblgenant and Farris (1988, pp.246-247), a biased
technical change in CNO processing technology is attributed o a vertical downward
shift of the supply eurve of the intensive input~processing inputs and other marketing
inputs (POMS). In a multiproduction stages, the demand shift for the other inputs -
high quality copra (X)), low quality market (X2), and traders’ services (X3) - are
proportional to a shift of the supply curve for POMS.

Given a linearly homogeneous system, the sharesweighted sum of the relative
changes in quantities demanded of the inputs (equations 10° to 13" of Appendix 2) are
equal to the relative change in output Y (CNO and CM). This relationship is based on
the following condition,

BY=- B¥apa/py 1= 1,2, 3 for mputs Xy, Xa, Xs

The input demand functions {equations 10" to 13") can be written as

(10 BOG ) = -(p20m + paos + paon ) E(W) )+ proyy B(W, 1+
proy B(Wa) + paon BEOWa) + EY i - palpy By

(11" 1(X2 )= oy BW, ) - (pion + psosz + pacs ) B(Wp )+
pson B(Wa) + pao B(Way) + EYy+ pa/paByan

(127 E(Xs ) = prow E(W )+ (p2os; B(OW) - pyow + paon ¥
piGn B(Wap) + paoga E(Wau) + EY y+ pdps By

(131 B(Xay ) = pr o BIW )+ pacuz B(W) + pyos B(Wan) -
(Pr1os + paon + psous) B(Wan) * pacsa E(Way) +
EY gyt E\{I.m
where

Byt = Bka picg + 1)/ (pa (Menon Set 1) + pi (Mewon Sat 1))
i=1,2,3, for X), Xz, Xa




Appendix 4. Research on lmproved CNO Processing Technology: Initial and
“With” Rescarch Supply and Demand Conditions for the Equilibiium
Displacement Model, Low Quality Market

Unlike in the high quality market, there are only three inputs in the low quality
market - low quality copra, traders’ services and POMS. For analytical purposes, it is
assumed that processors of low quality CNO utilize only low quality copra.

The production function can be written as

(18) Yy (Qewon. Qg ) = Fr ( Xow X, X))

Equation (18) cam be written as

(19 Qever = Guy ( Xoo X, Xag)
(20) Qenn = Gia( Xaw Xy, X )

Similarly with the high quality sector, a cost function is used as a dual to the
constant returns to scale production described above Cost is also minimised subject
to a given level of output, Yy Yy is linearly homogeneous in the input X; (i = 1, 2,
3. 4) for low quality copra, traders’ services and POMS. The cost function can be

expressed as

2N G = (X, Xa, Xa). Yy

Shepard's Lemma is applied to the total cost function to obtain output

constrained input demand functions.

X = g2 (Xa, Xz, X)) . Y1,
Xan = @3 (Xg, Xu, Xa ). Y
X = g Xy, Xan, X)) Yo

22) Ry =G.rPeyvor, Pon)
or
Rewow = Gy..r (Poxow, P )
Rex. = Go.r (Penan, Pona.)
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Input-constrained product supply functions are obtained by applying Hotelling’s

lemma.

Qesar = 11 (Penot, Pesn)
Oaengr = 12 (P, Pean )

The initial equilibria in product and input markets are as follows.

Final product demand

Low guality coconut oil (23)  Qewan = 1 (Pewen)
Low quality copra meal (24)  Qesp = ) (Posen )
Equilibrium conditions (25)  Pown = g1 (Xp, Xy, Xg)

(26)  Peng = g2 (X Xap, Xy )

Input demand

Low quality copra (27)  Xp = mp(Xo, Xa, Xa, v2) Yo
Traders’ services (28) Xy = ma(Xy, Xor, Xa, wa) . Yo
Processing and (29)  Xa = my (Xa Xar, Xa.wa) . Yo
Other Marketing Inputs

i

Input supply (30) W, =m(X,)
(31) Wy = ny(Xx)
(32) “’41 = n;(XuK, ka )
The log-linear approximations to equations (23) to (32) and converting them to

clasticity forms are

(237) E (Qewor ) = (1 newor ) E (Pesor)

(24’) E(Qena ) = (U nean) E (Pepn)

(25%) penor E(Penor, ) = - p2 B(W2 ) - pa E(Wa) - ps E(Way )

(26%) tome E(Peng )= - p2 E(W3) - p3 E(Wap) - pa E(Wa)

(27) E(Xy )= +(ps0s2 + paos ) E(W2)- paon E(Ws) -
pos2 E(Wa) - E(Y 1) - E(y)

(28") E(Xa. )=~ pson E(Wy) + (p3gs2 + ps0a)E(Wa) -
paos E(WaL) - E(YL) - EQya)

(297 E(Xa )= - paoa2 E(W2) - pscnE(Wsy)+
(p20s2 + p30a) E(Wa) - E (Y1) - EQyan)

(30%) E(W:) = s E(Xz)

@31) E(W3.) = 53 E(Xa,)

(32’) E(“{u,) = §4 E(X4L) 4 E(k 4;,)
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The transformation of the model is represented as follows:

E (Qeson ) - Newsor B (Peney) =0

E{Qean ) ~nesn E(Pexg) = 0

Howor BPesor )+ p2 B(W2) + ps B(Wy) + pa B(Wa ) =0

fong EPeng )+ p2 EOW, )+ po E(Wy) + ps E(Wy ) =0

B(Xy Y=oy + peoaz ) E(W, )+ paon B(Wy) + pop B(We )+ E(Y )+
E(ya) =0

B(Xy )+ prosy BIW)) - (per 03 paous JE(Wy) 4 pyop E(Wa )+ E(Y)+
E(ya) =0

E(Xg ) - gz E(W2) + pooa E(Wy ) - (paour # paoa) B(Wy )+ E (Y1) +
E(ya) = 0

BW, Y- s BNy 3= 0

E(Wy)- ss BfXy )~ 0

E(Wa - 80 B(Xy ) 7 Blky )

In matrx form, the model 15 written as
M Yy, = Xy

where L represents the ugh quality markel, M 1s a mateix of market parameters, Yy
is a vector of changes in the endogenous variables, i e, prices and quantities, and Xy,
is a matrix of percentage shifts in the exogenous variables  The matrix  form for the

disequilibrium model for the low quality sector is provided in Appendix 5
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Appendix 6, Input Demand Shifters of a Biased Technical Change, Improved
CNO Processing Technology

Pollowing Mullen, Woblgenant and Farris (1988, pp.246-247), a biased
technical change in CNO processing technology is attributed to a vertical downward
shift of the supply curve of the intensive input-processing inputs and other marketing
inputs (POMS) In a multiproduction stages, the demand shift for the other inputs -
high quality copra (X)), low quality market (X;), and traders’ services (X3) - are
proportional to a shift of the supply curve for POMS.

Given a linearly homogeneous system, the share-weighted sum of the relative
changes in quantities demanded of the inputs (equations 10" to 13’ of Appendix 2) are
equal to the relative change in output Y (CNO and CM). This relationship is based on

the following condition,
EW=-EWsps/p,  1=1,2, 3 forinputs Xi, Xz, Xz
The input demand functions (equations 10" to 13”) can be written as

(10%) E(Xj)=-(p2on + pson + pscy ) E(Wi )+ paoy E(Wp )+
p3 oy E(Wsp) + psosy E(Way) + EY g - py/pr Ewan

(11" E(Xz)=piou E(Wi)-(pion + pson + psosn ) E(W2) +
P03 B(Way) + psos E(Wan) + EY u+ pi/p2Eyan

(127) E(Xsn ) =p1oa BE(Wi) + (p2032 E(Wy) - proay + paosp +
ps o EWa) + psogs E(Wan) + EY u+ palps Evay

(13%) E(Xan ) = pr1og E(W; )+ prosn E(Wa) + paosn E(Way) -
(mop + P20 + P30 ) E(Wan) + pson E(Way) +
EY y+ Eygy
where
Evun = Eky iy, + 1)/ (p2 Menon Ss+ 1) + pi (Menon Set 1))

= ], 2, 3, for X], Xz, X3




