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Introducts

The project "Priorities for Papua New Guinea Agricultural Research”
is financed by the Australian Centre for International Agricultural
Research. 1t is one of four country studies building on the in-house
priority excercise carried out at ACIAR {(Davis, Oram and Ryan 1987).
Research is being carried out at the University of New England, in
cooperation with the PNG Department of Agriculture and Livestock as well
as other governwent and non-government instrusentalities in PNG, with the
objective of asgisting decision-makers in their task of research resource
allocation.

In contrast with the situation that prevails in several other
countries, quantitative analyses of the effectiveness of past PNG
~ agricultural research are not available. Partly for this reason,
agricultural research hag something of a credibility problem in the
country. To help redress the situation, a limited ex-post component has
been included within what is principally an eg-ante oriented study. A
mere two past research projects have been selected and analysed.
Selection has been on the basis of expected returns, The analyses thus
do not pretend to be representative of all past PNG agricultural
research. Rather, they are intended to demonstrate that some
economically successful research has been carried out in PNG.

The present conference paper contains the two separate analyses of
research on cocoa and oilpalm in PNG.
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1 Posis e

it is held that cocoa was introduced into Papua New Guinea around
1505 by German settlers. However, the commercial development of the crop
proceeded at a very slow pace. With the substantial rise in world demand
after World War II, the then Department of Agriculture and Livestock
promoted the expansion of the industry.

In the 19505 and 1960s there was a rapid expansion of cocoa
plantings, thus the total planted area increased from about 4700 hectares
in 1951/52 to around 49.5k in 1965/66. Over the same period production
increased from 485 t to 15 kt, with the plantation sector producing 45
per cent of the total production in 1965/66. 1In subseguent years,
production from the smallholder sector rose at a fast rate as a result of
increased adoption by villagers, especially in the provinces of Rew
Britain and North Solomons. By 1970/71 the smallholder production had
increased its share of the total production from five per cent in 1965/66
to about 20 per ceit. Smallholder plantings continued to increase and,
by 1975/76, smallholder production accounted for around 40 per cent of
the total. Today its share of the total national production averages
around 70 per cent. Hhile the smallholder sector increased its
production from 1965 onwards, there has besn a steep decline in estate
production. Total national production has been stagnating until very
recently, as the increase in .mallholder production has more or less
offset the decline in largeholder production.

Hore recently, production has been expanding with the large areas
that underwent redevelopment and new developaent in the early 1980s
coming into bear. Most of the production comes from the New Guinea
Islands region, particularly from North Solomons and East Mew Britain,
with the former accounting for 45 per cent of the national crop, and the
latter for 34 per cent. Over the past 12 years, 1975 to 1986, annual
cocoa production averaged at 32 kt, and cocoa bean export volume averzged
at 30 kt. Papua New Guinea's share of global exports stands at abdout
three per cent.

Cocoa has been the second most important crop after coffee in terms
of export earnings for the country over the period 1975 to 1986. Cocoa~
export income over the period averaged K57m, with a peak of K83m in 1977
(due to the high f.o.b. in the year), and a low of K29& in 1975. Over
the same period, cocoa has contributed 18 per cent of agricultural export
earnings , while its share of national total export earnings averaged
about 8.5 per cent. In relation to the gross domestic product, cocoa
contributes about three per cent.

Of the 314 thousand households in the coastal provinces (1980
census), 22 per cent were involved in cocoa production. In addition, the
cocoa estate sector employs about 8000 people and provides additional
employment in the service and processing industries.

® The authors are grateful to Jock R. Anderson, Project Leader, and Jeff
S. bavis, Project Coordinator, for their contributions to this work.



2.1 A Short Historv

The cocoa cultivar grown in PNG is Trinitario - a natural hybrid of
the Criollo and Forastero types. Beiore WWIXZ, a seed garden has been set
up in Reravat, East New Britain Province, to collect specimens of the
very diverse Trinitario material grown in the country. The war disrupted
work, but selection and breeding comsenced at the Lowlands Agricultural
Experiment Stotion (LAES), in Keravat, soon after its end.

The Cocoa Improvesent Programme of the time wais aimed at the
selection of material that is better yielding than what was available in
the country while retaining ite desirable characteristics in fat content,
flavour, vigour and resistance to pests and diseases (LAES 1982), The
main avenue followed at this time was that of selection and,
increasingly, clonal propagation. The resulta of this first stage of PNG
cocoa research were more than planting waterial that was better yielding.
Painstaking documentation of every tree in the seedgarden resulted in
detailed records about the available breeding material without which even
today's breeding work would be far less effective (D. Loh, per-onnal
comzunication).

The first round of Trinitario selection was about to be terminated
and the breeding work to produce cocoa hybrids started when, (n 1965,
vagcular~-gtreak dizease (VSD) appearsd in PHG. Crop pathologs hod te be
given utmost priority, and any other work was put on the bachsurner.
VSD-resistant material has been selected and propagated after the
successful identification and separation of the pathogen, first achieved
at LAES. VSD-resistant clones were distributed from 1968 to 1973, saving
the cocoa industry in East New Britain. In addition, the identification
of the pathogen was quickly followed by strictly enforced quarantine
measures which prevented the disease from spreading to New Ireland, Manus
and North Solomons provinces to the present day.

The hybrid program was resumed in 1972, with first-generation
hybridy released since 1980. The hybrids have significant advantages
over th= old Trinitario clones, primarily in viald and fertiliser
response, Planting material from first-generation hybrids is still being
distributed, and the first significant yields from hybrid stands have
been harvested in 198S.

Cocoa research in PNG has been transferred from the public domain
to the Cocoa Industry Board by 1986, and this can be expected to put
funding on a firmer footing.

Present research includes the development of seccnd-generation
hybrids {oxpected to be released from 1988); entomology work on the pest

Panthorhvtes; pathology research of the Phytophtora palmivora that causes
black pod and stem canker; and the research of post-harvest technologies.

2.2 Chojce of Research Perjod for Evaluation

Quantitative analysis of PNG cocoa research from its very beginning
is not possible because of data problems. Records of the costs of early
research are scarce, if obtainable at all, and tha gquantification of
research benefits from this period would be a similarly difficult task.
Since the results of this early period - most of all the detailed records



on the breeding materials usad - contributed to the success of later
sork, ignoring the early work could result in a geriovs under-estimstion
of the costs of research. On the other hand, the sarly period has
yielded ressarch results of its own (most of all, a selection from the
original Trinitario material that was higher yieldin; and batter suited
for the local conditions). The assumption that benefits from the early
period were at least: the same size as the costs is plausible, although
supported oaly by anacdotal evidence. Jonsequently, not charging later
regearch for the use of results from the earlier period is not expected
to result in the overastimation of banefits.

Hore easily available are records on research costs since the mid-
60s. The main benefits of the vascular-streak dieback (VSD) research
swork of that tire are still to be reasped through the production~
increasing effuct of hybrids, whose parental material came partly from
the VSD-resistant Trinitario clones. Partial replanting of VSD-
susceptible stands with resistant Trinitarios since the late 608 resulted
in increased production compared to what could have bsen harvested from a
uniforely susceptible tree stock. However, this effect was a ralatively
ainor onm, comparsd with the role of the VSD-resistznt clones as hybrid
parents, Also, some resistant planting material would have besn selacted
by growers, albait in an un-coordinated way and results would have
probably taksn considerably longer to appear (P. Turner, personal
communication).

On the other hand, no evaluation of PNG cocoa research would be
realistic without at least considering the first-generation hybrids.
Although: most of their benefits still lay ahead, and thus have to be
astivated (rather than measured in a potentially more precise manner),
they are the first seemingly significant production-increasing results
from deckdes of rasearch activities.

3 quantitative Analveis

3.1 Objectives

The cbjective in the present study is to estimate the net increase
in welfare resulting from the introduction of the designated new
technology. In addition, some indication about the distribution of
welfare gains within the country is also intended to be elicited.

3.2 Hethod

Analyses of technical change are often:based on the notion of
aconomic surpluses {see Currie, Murphy and Scheitz 1971 for a rationale
for this approach).

The increase in economic surplus due to technological change cad be
identified as the shaded area ABCD in Figure i {(non-linear supply and
demand curves zhown, along with a proportional divergent shift of the
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Figure 2 Change in Economic Surplus: Pivotal Supply Shift
and Perfectly Elastic Demand



supply schadule)?. At %he national ,‘lml the supply uhm; due to the
introduction of cocoa hybrids is most probably convergent, as

saeliholders - the more marginal producers - can be sxpected to adopt tha
new technology more alowly and to & lesmer axtent than can plantetions
{s¢s Lindner and Jerrett 1978 for a dimcussion of shift types)=.
Separation of the national supply to smsllholders and plantations,
hosever, results in two reasonably homogensous entities with supply
‘characteristics differsnt from one another.

The rate at which smallholders increase {(dscrease) production of
cash crope in response to price increases (decrsases) is generally
accepted to be below that of plantations. In PNG, there is evidence
among szaliholders of "normal”™ supply response as well as of an inverse
resction, i.e., that a price increase can lead to the reduction in the
quantity of produce supplied to the market (Andarson 1977). In the whole
of the smallholder sector, this may well lead to a quite inelastic supply
in tha short run and to a long-run response weli below that of the
m «tation gector. Even in the plantation sactor, factors other than
price often affect supply. Prominent asong these is uncertainty about
novernment policy towards plantations (Goldthorpe 1985).

The analysis by Akivama and Duncan (1982; quoted by Jolly 1987) of
the world cocoa market does not distinguish between the tuo sectors when
deriving elasticity figures for PNG supply response. Short-run
elasticity of supply to price chanzes was estimated to be betwsen 0.095
and 0.26 in general, and 0.103 for PNG in particular. Long-tera
elasticities were quoted as being 0.11 to 0.59. In the present study,
the figure of 0.1 is used for smallholders and 0.4 for plantatiois.

While there is no particular functional form that would be
especially well suited for this study, linear formulation has been
excliuded as it would result in a negative intercept term - iaplying that
farmers are ready to produce at negative prices. Instead, the constant
elasticity of supply functional form has been chogen. The supply shift
is unlikely to be uniform even within the sectors, as some smallholders
will certainly not replace their existing stands and zome plantations may
not switch to hybrids either, There is no way of telling how divergent
the resulting supply shifts will ve, therefore the most conservative
estimate, & pivotal shift, is estimated for both sectors. TFigure 2
illustrates the position. ot supply and demand curves and the shaded area
0AB estimated, as developed conceptually by Akino and Hayami (31975). The

e A sinplqr and less accurate methad f£or calculating benefits accruing
to investment projecis is an appraisal (Gittinger 1982) that, in very
simplistic terms, consists of the multiplication of the additional
production by its price. Its drawback is that it attributes all
measured benefits to the project. Prices, however, change without-
projzct supply independently of {say) a research project.

2 The criticism of the reasoning of Lindner and Jarrett by Rose (1980)
actually confirme its relevance in the present case, as cocoa-
producing smallholders have very few real alternative cash crops.
The low technology-intensity of the crop is unique among the available
high-volume cash crops in its production regions. Almo, zmalliholders
are quite reluctant to cut doun existing stands of producing crops to
replace thes with something totally different.



Brokm 1ine CA, hft o£ th% without-research tupply curve OA, indicates a

. msible extent of underestimation, due to the use of a pivc:tal shift.

Sinca PNG is a small supplier of the world cocoa market, the
simplifying restriction of pnrfecﬂy elastic demand for the country’n
‘produce is reasonable. No consumer‘s surplus is generated in such a
situation: all benefits are captured by the producers, in this case by
the exporting country, PNG.

 Following Herruzo (1985), area DAB is zpproximated as:

om W e i P 02
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whefe: h = the relative measure by wh:tr:h the with-research supply
curve would shift to the left in the absence of the new
technology, i.e., h = (Gy ~ Oa)las,

Go = quantity of produce :suppned without the new technology;
0: = quantity of produce supplied with the new technology;
P = real price of the produce; and

A = price elasticity of supply.

The net present value of the difference between the streams of
producer’s surpluges and of research costs is calrulated separately for
smallholders and plantatione as well as at the national level. Some of
the variable (primarily transport) ¢osts necessary for the production of
the additional produce are in payment for imported goods and, thus,
represent outflows reducing the benefits accruing to PNG. National gross
producer's surpluses, calculated at f.o.b. prices, are reduced by the
amount of these costs to determine net eccnomic surpluses, while the
price used in calculating sectoral benefits (farmgate price) is already
net of these costs (as sell as others that are not outflows at the
national level). All values are expressed in real prices and discounted
to account for the opportunity cost of resources.

MW :f.': 0 (Py ~ VCy) {Qu; -~ Qox) / (1 *,é)* RCq

]
{1 + )4 {1 + )t

where: Py = real price of produce in year i

VC: = variable-cost cost component of the extra production
in xeal values in year i;

Goax = quantity of produce suppilied in year i, without the new
technology;




Gga = quam:ity of produce suppiied in yaar i, with the new
; technology; :

RC; = real value of research cast in year i;
Cr o= discougc rate; ar‘d

n = number of years,

The dimcount rate used is 1C per cent, the same figure that is used
by the nzpartneat of Agriculture and Livastack {DAL) for project
appraisa

Nationsl benefits are calculated for the elicitation of the returns
to research. In addition, distributional effects are also considered.
Apart from the distribution between smallfolders and plantations,
benefits redistributed to the government, the financier of the research,
are worked out. (Only export tax is calculated, since compnny taxation
and the effect of new technology on it ceuld not be coverea in the
study.) The expected balanca of stabilisation funds is computed. No
other redistributive or multiplier effects in the economy are included in
the analysis; the lack of the latter necessarily results in a further
source of underestimation of total benefits to PNG.

3.3 Calculatjon of Research Costs

Over the period 1965 to 1980, the centre for PNG <ocoa research has
been the Lowlands Agricultural Experiment Station (LAES), Keravat, East
New Britain Province. This period of research can be divided into tuo
sections: selection of VSD-resistant Trinitario clones and the actual
hybridisation. VSD research was, in a sense, an "overhead cost” of the
hybrid program, and its benefits will continue to be reaped through the
second generation of hybrids about to be released. Since second-
generation hybrids were not subject to analymis in this study, all costs
of VSD research have been charged against the first-generntion program.
This is an over-estimation of actual costs for the first-generation
hybrid program.

Historically, some 65 per cent of the LAES budget was used in cocoa
breeding, agronosy and VSD research between 1965 and 1980, This did not
include the salary of research officers (ROs) employed either by the
Departsent of Primary Industries or by various other organisations and
working at LAES.

On the basis of recent years' data, the total budget of the LAES is
quite close to the sum of the salary costs ot researchers and of non-wage
expenditures in cocoa research. (H.B., salaries for LAES ROs do not
constitute a part of the LAES budget, rather they are gent directly from
Fort Moresby.} Since funds for non-wage research costs have bzen more
restricted in recent years than earlier, and zince research on crops
other than cocoa used to be relatively wore important than it has been
lately, total LAES costs are probably well in excess of funds actually
used in cocoa research in earlier years, and a good (probably
conservative) approximation overall.

As exact figures were not known, it was assumed that if land,
buildings and instruments belonging to LAES would have had to be bought
at the beginning of the research program, the cost would have been K25k
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at 1965 prices (K108Kk in 1987). It was further assumed that, of these,
only land had a galvage valve of K26k in 1980, the final year of the
research work scrutinised (R40k at 1987 prices), Most other capital

itess used in research (vehiclos, for example) wera him. and their cost -
is already included in the research costs.

The beat alternative use of LAES land would have been commercial
cultivation of cocoa, However, cocos produced in variety trials and
other experiments was sold, with yields above those of good commercial
farms. Consequently, not only was there no income forgone by using LAES
land in cocoa experiments, put the opportunity cost was, in fact,

- negative.

a.) Without-research scenario

Cocoa research in PNG, carried out up o 1965, resulied in planting
paterial more suited to local conditions, and probably better vielding
than the original imported Trinitario selection base. If no cocoa
research had been done since the mid-60s, the industry today would still
produce from trees of basically the sane genatic sakeup as then.
Guarantine regulations would rule out the importation of planting
material, and selection would only be carried out by growers, or happen
‘naturally through disease and pest infestation. Total production of the
industry would likely to be below prerent actual levels, since VSD would
still cause some yield losses, and resistant stands would be established
iar more slowly than with the use of resistant Trinitario clones selected

n Keravat.

b.} Hith-resecarch scenario

. Although the replanting of still-producing Trinitarios with hybrids
since 1980 means that production is forgone until the maturity of the new
stand is reached, the congensus among the researchers % LAES was that
this reduced production was amply compensated by thu viuzid advantage of
VSD-resistant Trinitario clones over the first-selection material. Even
though some of these VsSD-resistant stands were cut out to give way to
hybrids, their higher yield still resulted in overall producticn in PNG
remaining static betusen the start of replanting with hybrids and the
first significant yvields from them, in 1985. This yield gain is not
accounted for in calculsting research benefits, and there was agreement
among LAES researchers that its magnitude was comparable with that of thre
production forgone between the cutting out of exisiing stands and the
maturity of hybrids planted instead. If this ‘alance is true in quantity
terms, the fact that the unaccounted-for gairs preceded the forgeone yield
by many years would make them considerably sceater when measured in
discounted values, resulting in an underes’.imation of the real returns to
research resources.

Planting of the first-generation aybride has started in 1980 and,
although the producing life of many ¢/ these should extend beyond the
year 2000, it was felt that includirg a benefit streaa from beyond that
year is too difficult to justify. Cutting off at the year 2000 is likely
to result in an under-estimation of actual results, unless some
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‘uaaxpected development (e.g., a neu disease or peet) necesgitstes early

replacement of all the first-generation hybride. Given the geographical
structure of the industry, as well as the apparent success of past
quarantine measures {n stopping the spraad of VSD short of North
Salo:ons.‘a.andden decimation of all existing stands is very unlikely.

" The introduction of the first~generation hybrids did not lead Lo ah
increase in input use, Recommended fertilisaer levels are the sase as for
Trinitarios, while plant-protection costs even decreased due to better
dimezse resistance. The only difference is in harvesting and processing.
The most important resource used in harvesting is labour, priced at Ki4
per man day for smallholders (see Appendix 1) and at the rural minimum
wage (K3.56 ger day) for plantations. Transport costs are viewed as
outflows at the national level. Farm-to-fermentary costs are K40/t dry
bean for both sectors, fermentary-to-ship costs K30/t dry bean, As for
processing, existing plants are capable of handling the :ncreased yield
without the need of installing extra capacity.

Although all income from cocos sales at LAES is goes to government
revenue, only the 500 kg/ha yieid advantage over good comsercial farams
{due to using experimental hybrids}) is considered as a direct research
benefit. This is added to government revenué from taxing all cocoa
axports.

Cocoa-Board forecasts expect a total of 60 kt of cocoa to be
produced by 1996. This forecast was made the Board's ex-economist Hugh
Coulter, mainly on the basis of sales of planting material (P, Turner,
personal communication). This prediction includes the siore uncertain
effect of the second-generation hybrids as well. First-generation
hybrids have featured significantly in PNG production since 1985. They
are expected to reach the maximum contribution of 12.5 kt/vear {over the
without-research Trinitario level of 30 kt/year) by 1995, and to continue
at that level beyond the cut-off yvear 2000 {chosen on the basis of a
panel discussion at LAES).

The smallholder-to-plantation production ratio has been 7 to 3 over
the period 1983-86. Houwever, due to the expected lower adoption rate of
the hybrids by smallholders, 60 per cent of the increased production is
assused to come from plantations and 40 per cent from ssallholders.
Production costs have been obtained from DAL. Price projections used are
as used by DAL, based on World Bank forecasts.

4 Discuyssion

Despite the very "conservative" form of this analysis, returng to
fumkie used in cocoa research can be expected to be satisfactory.

By the year 2000, the additional production of first-generation
cocoa hybrids will have amounted to 137 kt, representing a 28 per cent
increase over the scenario that no cocoa hybrids are used in PNG during
the paricd 1977-2000. The distribution of this production gain is
largely speculation, but - on the basis of assumptions about adoption
(section 4.4.bj - smallholder production is anticipated to increase by 55
kt {or 16 per cent over without hybrids) and plantation production by 82
kt (57 per cent).

The accuracy of the production estimates is crucial for the reality
of the above figures, and these and the World Bank price forecasts have
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o be~fn1fi11e¢ for the financial analysis to be a reliable prediction.
With these qualifications, however, the financial analysis is beliaved to
be a serious underestisation of the benefits to be actually reaped. This
is because of the conservative data used throughout, and in reality Ray
well be 100 per cent greater.

In financial terms, the benefits, messured as the additional
discounted economic surplus, can be axpected to be at least K94.3m at
1987 prices. On the other hand, cocoa research carried out betwecn 1965
and 1980 has cost about Kii.4m, expressed on a discounted basis in 1987
prices. In other words, had no cocoa research been undertaken during the
period 1965-80, Kii.4m {1987) could have been saved, at the expense of
pot earning K94.3m (1987} between 1977 and 2000.

National beriefits are 8.3 times the costs, and the internal rate of
return (i.e., the effective earnings on funds used) is around 22 per
cent.

Provided that the assumptions about the distribution of physical
production gains are correct, the smallhcldera’ share of the gross
national benefits is expected at K26m. Plantations will have increased
their takings, through to the introduction of the hybrids, by some K34m.

Although the hybrids may well be more widely adopted by plantations
that by smallholders, those smalliholders who do repiant with hybrids will
gain relatively more than plantations. The reason for this is the price
elasticity of supply being lower for smallholders than for plantations.
That is, plantations would have respended to price changes by varying
their production even in the absence of hybrids more than smallholders
sould have.

Employment effects of the increased production have not been
investigated in much detail. If there are no presently unused labour
reserves, increased labour requiresents on smallholders' plots might mean
that food will have to be bought instead of produced. This worst-case
scenario has been used in calculating smaliholders® benefits in the form
of a “wage" being charged against gross benefits (see Appendix). If
labour reserves do exist, actual smallholder benefits will be greater by
the amount of this "cost”. Increased labour costs for plantations, on
the other hand, mean additional income for employed labourers. This is
an exasple of the secondary effects of new technology in the economy that
have not been looked at.

In addition to the eastablishment of the extent of national
benefits, it is worthwile to identify some transfer payments in the
economy. By 2000, the PNG government will have earned about an
additional K2.7m as the result of successful hybridiss<ion research in
cocoa. This figure includes additional export-tax takings and the
additional production at LAES, but does not contain any possible increase
in company taxes.

The additional production could well cause problems for the
gtabilisation fund. Assuming the continuation of the present regime,
K2.68m more will have to be used for price support with the hybrids
entering production that without them, over the period 1985-2000.

Regional effects of the new technology have not been investigated
in this analysis. Cocoa is probably the most dispersed of all cash crops
in PNG. If regional differences in the adoption of hybrids emerge,
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'regiem differences in the distribution of benefits will necessarily
£ollow.

5 Conclusions

‘ Production by the first generation of PNG cocoa hybrids from 1985
heralded the first substantial returns to cocoa research since 1965.
Benefits are expected to continue bayond the year 2000, but is was felt
prudent to terainate the flow of benefits from them in that year,
Bxpected benefits from the research are substantial in both physical and

~ financial terms. While returns may not be among the most outstanding
reported in the literature {Ruttan 1982), they are nevertheless better

than those of most commercial alternatives.

The observed research is, in many usys, typical of ENG agricultural
research. General returns to FNG egricultural reseavch may well have
been handicapped by the fact that initially much "basic" research had to
be done that did not yield direct benefits. Plant collection, taxoncmy
work, establishment of plant collection, testing of strains of local and
imported plants or animals in local conditions, all have to be done
before actual yield-increasing research can commence.

It is just not reasonable to expect instantaneous financial returns
from groundwork-type research. Benefits will appear at later stapes,
building on knowledge and material generated earlier. As an
illuatration, if VSD research had not been included in the present
analysis, i.e,, only costs occurring after 1972 had been considered,
returns to the hybridisation program proper would have been wuch higher,

Once the proundwork is done, research can be expected te start to
deliver results usabl!e in increasing production and to show more
favourable returns on funds invested. This wil} be the case with the
second-generation cocoa hybrids in particular, and, hopefully, with PNG
agricultural research in genaral.
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APPENDIX 1

The assumption is that labour is fully utilised in the initial
equilibrium situation, thus additional labour use in cash cropping is
impoasible without the reduction of leizure time or of time used in
subsistence food production. The ensuing reduction in subsistence food
production has to be covered by purchasing fcod, and the ¢pportunity cost
of labour will be the cost of replacexent food. The most widespread
staple food throughout PNG is sweet potato, while the most commonly used
purchased staple food is rice. It is a reasonable assumption that a
shortfall in subsistence staples would be made up by purchasing rice.

One man-day of labour produccs 80 kg of sweet potato at the medium-
intensity yield level of 15 t/ha per annum {(J. Whitworth, DAL, personal
coxmunication). On the busis of Densley's (1978) conversion factors of
traditional PNG staples to milled-rice equivalent {MRE), 80 kg of sueet
pota;o ix equivalent to 23 kg of rice, the latter costing Ki4 at K0.60/kg
retail.

The opportunity cost of Ki4 per man-day is quite high when compared
to the rural minisum wage of K18.59 per week (at March 1987}, and it is
“nly applicable for pricing additional labour requirements.
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George Antony, Gae Kauzi and Bob Prior ‘

The first oil palss for coumercial use were introduced to Papua New
Guinea in the 19308, At that time only the seed was exported for its oil
content. The first plantings were very £mall, and no furthsr development
took place until 1966 when the government of PNG planted 12 four-hectare
trial plots of oil pala in several lowland regions of the country. At
about the same time, thea first large-scale oilpalm dwelopmnt began at
Hoskins, in West New Britain Province; by Harisons and Crosfield, in
partnership with the PNG government.

Agronomic conditions for oil palm in Papua New Guinea have proven
to be extresely favourable. This has resulted in very good yields, with
the average PNG yield being above the world average.

In its initial production stage, most of the FiiG production came
from the largeholder sector. Ssallholder production then expanded, and
today its share of the total national production is 50 per cent.

There has been a rapid increase in the production of the crop since
its introduction. In 1971/72, a total of 3.4 kt was produced.
Production then rose sharply to a peak of nearly 130 kt {excluding palm
kernel) in 1985, despite very lou prices in the world market that year.
For ten consecutive years, 1977 to 1986, each year's production exceaded
that of the preceding year, dsspite fluctuations in prices. The
continual increase in production can be atiributed to increased
plantings, through the new oilpals projects starting to come into
production. At present, production is concentrated in West New Britain
and Oro provinces.

For the ten-year period, 1977 to 1936, export volumes averaged 68,9
kt/year for palm oil and 8.6 kt/year for palm kernel. The export volume
has grown from 24.5 kt of oil and 3 kt of kernel in 1977, to 128.9 kt of
0il and 14.4 kt of kernel in 1086: a five-fold increase.

- Export easrnings over the same period averaged K27.2m, with a peak
of K75.7a in 1984 (due to improved prices and increased production). The
¢rop contributed, on average over the period, about 7.5 per cent of
agricultural export earnings, and 3.6 per cent of total BNG export
income. Its contribution to the gross domestic product stands at around
one per cent.

A total of about 53 thousand rural households are involved in the
industry as producers, while the number of people directly emploved in
the industry is about 5 thousand.

The country is a marginal supplier of the world market in vegetable
oils. Although PNG provided 2.4 per cent of the world's palm oil exports
in 1985 (against 1.0 per cent in 1980), its share of the wider market of
easily substitutable vegetable oils was still only about 0.8 per cent in
1985 (FAO, various years).

® The authors are grateful to Jock R. Anderson, Project Leader, and Jeff
S. Davis, Project Coordinator, for their contributions to this work.
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Frdn ,1967. botn agronomic and entomological ntudies were carried
out by the PNG government and the New Britain Palm 0il Davelopment Ltd.
{NBPOD}, the latter getting up agroncmic and plant-breeding facilities at
the Dami oilpslm research station, in West New Britain Provincs,
Government research input was focused on results £rom agronomic and
entosological work on the trial piots and the first commercial plantings.

Further expansion of the commercial oilpalm development occurred in
the 1970s, and this lesd to an industry-funded research organisation
being set up in 1980. The organisation, the Papua New Guinea 0il Palim
Research Associstion (PNGOPRA) has its headquarters at Dsei, alongside
the NBFOD plant-breeding statinn. Agronomic and pest research is now run
by PNGOPRA, while plant breeding and seed production remains under v
complete comsercial control. Funding for PNGOPRA's research is obtained
by a varjable cess on all producers' fruit production as well as by
direct governsent contribution. amarch results have bean summarised in
annual reports since 1983,

2.2 1h

m onpah mearch undertaken in PNG, it was probably the work

on the introduction of pollinating insects that has had the biggest

impact on the industry. This ressarch project is easy to separate from

zbe m: eof oilpalm research. in its costs and effects, and it is well
ocumented.

Prior to the introduction of the pollinating weevil, production in
 PNG palm-oil plantings depended upon the hand polnnation of each
individual pals over some 40 000 ha. Teams of men on the estates, and
from Government centres responsible for the smallholdings, collected
fresh pollen regularly and mixed it with talcum powder. This mixture was
distributed tuice a week to estate workers and ssallholders whose job it
wag to shake or blow the pollen, using specially-desigend applicators,
iato the recsptive female inflorescences in the crowns ot every palm. As
the pales grew taller, this operation became much less efficient, and
vields diminished. Difficulties in application during the wet season
also resulted in poor pollination. Similar problems were also
experienced in Malaysia where the oil palm was also an introduced crop,
and whare hand pollination was practised.

In 1977, research by the Commorwealth Institute of Biological
Control, sponsored by the Malaysian gubsidiary of Unilaver, identified
insects as the pollinating agent in Cameroon where oil paim is indigenous
{Syed 1978), The weevil Elaeidobius kamerunicus was identified as the
most efficient pollinator and, after exhaustive testing on a range of
host plants (jointly funded by Malaysian and PNG commercial interests),
it was cleared for introduction to Mslaysia and PNG in 1980. Work on the
PG side has been - and is being - carried out by R.N.B. Prior.

‘After the arrival on 10 November 1980 in FNG of 1000 pupae of E.
» the weavil underwent many generations in strict quarantine
conditions away from any of the main oilpalm developments. It was
further tested against important indigenous plants and declared safe to
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”Qﬁem test in A;s!‘il 1961 on an mxsws rour-bectm m.oek near the
quarositine laboratory in Horobe Prwmce,

After the excellent initiai veports from Malaysia, field testing
was cut by several months. Hultiplication of the population to many
th ds in the laboratory was followsea by the first plantation relesse
in June 19&1, in a central position in one plantation in each area of the
oilpaln developaents of both West New Britain and Oro Frovinces. After
two months, five hectares around the releass sites were saturated with
the weavils. Distribution to the whole developesnt followed, using
entire male inflorescences cut from the original £1va-he§ctare sites, with
one inflorescence being placed in every 20 hectares of oil pals. Within
five months the whole 40 000 ha were maturated with weevils, and hand
poliination ceased - principally because pollen yas no longer available
: frm the weevil-covered 1nf;lom¢enm :

: the Director of Hesearch of the Papua New Cuinea 01l Palm Research
Association (PNGOPRA), Tremar Menendez, Gecided that the effect of insect
pollination should be analysed only on the basis of "firm and final”
data. Such figures could presently be obtained only up to 1986: so this
study is concentrated on the period 1982 to 1986 only. Since the effects
of the introduction of pollinating insacts are likely to continue for a

- very long time {or indefinitely, if tha insects do not disappear for some
teason), such a restriction of the stuly period will result in a very
aubatantial pnderestimation of total expected benefits,

3.1 Objective

The objective in the present study is to estimate the net increase
in welfare resulting from the introduction of this particular new
technology. Moreover, some indication is also to be elicited of the
distribution of welfare gains within the country. To this end, a
financial analyeis of the national effects of the new technology is
intended to show the sharex accruing to the main pa.icipants in the
industry: saallholders, plantations (together with oilwills) and the
governsent.,

3.2 Ydethod

The increase in economic surplus due to technological change can be
identified as the shaded area ABCD in Figure 1 (non-linear supply and
demand curves shoun, along with a proportional divergent shift of the
supply schedule). In the restrictive case of perfectly inelastic supply
{i.e., no change in produced quantities following price changes) and
perfectly elastic demand {i.e., no change in price following increased
production) (Figure 2), the increase in economic surplus is the area
ABQ4Q,: this special case is assumed in many VMP studies.

Lindner and Jarrett {1978) drew attention to the importance of
identifying the type of the supply shift in analyses based on the notion
of economic surplus. In the present case of insect pollination of oil
palm in Papua New Guinea, the type of the research-induced supply shift
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i presumad to be divergent. ”Adaption rate” of the new technology is
‘1.00 per cent, due to its nature. However, according to local sources,
pollination was carried out less proficiently by smallholders than by
plantations, therefore the relative size of yield gain is greater for
-amallholders and, thus, the supply shift diverges®, (PNGOPRA researchers
did not differentiate between small- and largeholders in working out the
yield incresse, hence uniform £1gures arz used in this analysis.) Since
all producers experienced yield iicrearecs, the possibility of a pivotal
shift can be ruled out.

A previous study of the PNG oilpalm industry could not be found
that would have included the quantification of the price elasticity of
supply. “n the basis of industry history, supply is expected to have
shown little response to price changes. Pluntings date back over less
than two decades, and have been perceived by the government rather as a
means of resettlement and employment creation than a purely commercial
excercise. The companies appear to have a long-term view about the
desirable extent of the industry, thereby reducing the effects of short-
term price movesents on new plantings.

Evidence from local sources points to the existence of an inverse
short-run supply response by smallholder producers. This may well
counteract conventional response by commercial producers and,
consequently, supply must be even more inelastic in tre short run. The
valua of 0.1 {used by Fleming and Piggott (1980) for palm-oil supply for
the whole of the South Pacific) iz thus very realistic for PRG.

Damand for FNG oilpalm products can safely be taken as perfectly
elastic, since the small-country assumption is applicable. Given these
agsumptions, VMP iz identical to the increase in producers' surpluses in
the present case.

For internal consistency when investigating the distribution of
research benefits, as well as for ease of calculation, the discounted net
present VMP, resulting from the adoption of new technology, is
calculated:

1.1 (G2 -~ Qos )Py Cs
NV = &) [ --- - ]
" (1 +1r)t (1 4 1)t

where: Qos = quantity of produce supplied in year i, without the new
technology;

Qpa = quantity of produce supplied in year i, with the new
technology;

Py = real price of produce in year i;

Cs = real value of research costs in year i;

* If amsisted pollination had been equally effective throughout the
industry under the old-technology regime, the shift would have been
parallel - as the yield-increasing effect is uniform, and no cost
factors other than pollination were affected.




r = discount rate; and
0 = pumber of years.
YMF has been 1nterpreted in this study as incresental net benefits
- less research costs. In order to calculate incremental net benefits, the
incremental gross benefits (i.e., the value of the extia production) has
to be reduced by the amount of increases in relevant variable costs. ,
These are costs that are proportional to the quantity of throughput, such
as harvesting and transportation costs. All other unchanged ¢osts were
treated as overheads from the point of view of the present analysis, and

the incregental net benefits were calculated as the difference between
the with- and ‘without-research gross largins*

t_gu [ muﬁu\mu) - (QosPs-VCag) _ RCy ]
”n

{1 +1p)* {1 +p)

whare: VCo: = total variable costs in real values in
yeat i, without the new technology;

VCzs = total variablafcosts in real values in
year i, with the new technology;

RCs = real value of research costs in year i;

The range of variable costs is determined by the level of
apgregation examined. At the national level, only transportation and
xill processing costs were considered since these constitute mainly
foreign-exchange expenditures and thus outflous from the point of view of
the national economy. Similarly, at more disaggregated levels, the costs
and benefits relevant to the analytical level were included ip the
analysis.

The discount rate used was 10 per cent, the same figure that is
used for project appraisal by the Departuent of Agriculture and Livestock
{DaL).

3.3 Calcylatjon of Research Costs

Costs of the research consisted of: (1) the employment of one
entomologict on the project; (2) "overhead” {capital, consumable and
administration) costs of the research institute, allocated on a per-
regearch-scientist basis; and (3) payments made to the Malaysian company
to contribute to the costs of the original research on insect
pollination.

3.4 Evaluation of Benefits from Research

a.) Without-research scenario

Costs associated with assisted pollination were incurred by the
provincial DPI and plantations in connection with pollen collection and
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ldi;tribution. “Data on DPI cost could rot ba obtained, thus they had to
be guessad: K50 000/year for WNB, and K20 000 in 1982, K30 000 in 1983
- and K40 000 in the following years for Oro, all in 1986 values.
Pollination was carried out by the producers, costing some K65/ha
- {supposedly including collection costs as well) for plantations in 1980
{Prior 1983). Smallholders were expected to:-spend two-and-a-half days
every week pollinating their trees but, according to local sources, one-
and-a-haif day was closer to the sctual time spent,

Since the pullination by insects is superior to that attempted by
people, a greater number of flowers develop into fruit. The likely
yield-reducing effect of the absenca of the weevil has been estimated by
PNGOPRA scientists., It was put forward that yields in West New Britain
would have been some 40 per cent less in 1982 than the actuzl, and around
one third less in the following years. In Oro province, the improvement
in fruit set was far less dramatic, and a yield-reduction figure of four
per cent yas agréed on in discussion at PlGOPRA.

Another result of better fruit set is the increase in extraction
rates in the oil mills, as the frait-to-frame ratico in the bunches
increases, It was assuped that, without insect pollination, the
extraction rates of ¢il and kernel would have stayed at the same level as
before the introduction of the weevil, In fact, this is a very generous
assupption, and one that causes the benefits of insect pollination to be
underestimated. As palas grow taller, assisted pollination becomes quite
difficult, fruit set declines, and 50 do the extraction rates. This
atage would have already been reached by now in some of the earlier
plantinge in West New Britain., However, the yield-reducing effest of
trees growing tall was not accounted for when estimating without-project
yields or extraction rates. Esgentially, before-project figures were
used throughout.

b.) With-research gituation

At the national level, the benefit ipg the added production. When
it comer to distritutional effects, the value of the cessation of
asmisted pollination can be accurately quantified in money terms for the
plantation sector as well as for DPI. For the smallholders, however,
there is little opportunity of finding paid esployment to utilime the day
and one half a week that they suddenly do not have to work. This extra
time is moat likely to be used partly for gardening - thus improving the
supply of subsistence food and, thereby, nutritional status - but mainly
as leisure time. No satisfactory way could be found for the
quantification of either of these effects in financial terms, and thus
the substantial gain of time by smallholders, or its spinoff benefits,
ware not used in calculating total benefits.

Since meparate data series cou® bde found for smallholder and
plantation production in West New Britain and Oro provinces (DAL
sources), a correspgonding brs skdown of benefits can be provided.
Howaver, benefits accruing to plantations had to be amalgamated with
thogse of the oil mills, for the accounting prices used in valuing fresh
fruit between these entities were not knoun. S5till, this is of little
congequence, as the plantations and oil nills mostly belong to the sams
companies.
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: Financial effects on price-stabilisation funds could be monitored

by valuing smallholder production at both gross settlers’ {i.e., before
stabilisation) and farm-gate (stabilimed) prices. However, these prices
being averages across the estates, the resulting total figuree are only
an approximation of the actual stabilisation payments.

Some government benefits from the pew technology could be messured
quite precisely, as the export tax of 2.5 per cent ad valorem is levied
on all exports, and the difference between the actual and without-project
gituations is just a matter of subtraction. Cospanies pay tax, and
collection could increase due to an increase in production. The PNG
governsent is a shareholder in the plantations, thus sharing in the
dividends from these companies. Yet another area of government benefits,
in this case the provincial governsents', is the cessation of provincial
DPI duties asmsociated with pollen collection and distribution.

Pata were drawn f£rom both industry and DAL sources. A full data
get was not vet available for 1986, and the mimssing data {such as
extraction rates for WNB) have been extrapolated on the basis of previous
years' figures.

4 Discussion

lotwithstanding the very conservative analysis (most of all, the
terajaation of the accounting period as of 1986), returns to the
regearch project proved quite outstanding. Due to the nore effective
pollination, an extra 425 kt of fresh fruit bunch (FFB) has been produced
during the period 1982 through 1986. On the basis that one tonne of FFB
required around one man-day of asgisted pollination under the old
technology, more than two million man days (say, 20 thousand man years)
of labour have been freed in all sectors over the same period. While the
plantation sector made direct cash savings throigh lower labour
requirements, it is just about anybody’s guess as to exactly in what way
the smallholders used their freed time.

When looking at the financial effects at the national level, in
discounted values and at 1986 prices, a K315 thousand investment resulted
in a gross financial benefit of KSim, as compared to the without-research
scenario. In other words, had research on insect pellination of oil palm
in Papua New Guinea not been undertaken, and the resulting new technology
not introduced, K315 thousand could have been saved in direct costs, at
the expense of not earning KSim.

The rate of return (IRR) on the investment was about 680 per cent;
considerably higher than that reported in most previously documented
cases (e.g(._Ruttan 1982).

With the exception of profits repatriated by the companies, all
benefits of the research were captured by Papua New Guinea. Due to the
country’s marginal supplier role, increased PNG preduction could not have
driven down international vegetable-oil prices: and in ‘8 case
producers get the same price for their extra produ...c: . before the
technological change.

Within the country, the biggest beneficiaries have been share-
holders (including the Government of Papua New Guinea) in the companies
owning plantations and oil mills. However, their share of a K45.5m
increase in gross margin has still left them running a negative margin on
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operations (after the deduction of only those production costs that are
proportional to harvested quantities) of around K32m over the period.
The reascn for this was that the increase in settlers’ prices has been
relatively greater than that for the export prices of vil and kernel.

In contrast, smallholders had a net increase in their revenue
estimated at K8.6m. It has to be kept in mind, however, that labour
savings were not priced for smallholders. Labour savings of the
plantation sector were around Kém, on a production approximately the same
size as that of the smellholders.) Because of the depressed palm-oil
prices for much of the 1982-86 period., a considerable part of the
financial gain was price support from the stabilisation fund.

Labour savings by the plantations meant cost gavings for thew, but
loss of income-earning opportunity for the displaced labourers. Just as
with the smallholders, tooc little is knoun about the possible alternative
uses of this freed labour to put a monetary value on the actual losses.
Most of the people employed were probably the smallholders around the
nucleus estates; thus, with the end to this money-earning opportunity,
they could have spent more time on their own plantings but earning less
cash.

The stabilisation fund showed a net gain of K116 thousand, as a
result of increased production by 1984 (a year of good prices). This
year and 1985 were more than enough to balance the outflows of the
previcus three years.

The public purse shared in the benefits from the new technology in
four ways. Benefits accruing to the provincial administrations worked
out at around K300 thousand for WNB and around K200 thousand for Oro for
the period, on the bamis of guesses about the costs of assisted
pollination. Second, the national government profited from the cost
savings and production increases in the plantation sector as a
sharsholder. Since neither the payment of dividends by the companies nor
the effect of new technology on dividends have been investigated in the
present analysis, the government's share as a shareholder has not been
aspessed here. Third, the export tax ig one of the redistributive
processes, and this has yielded the PNG government some K2.5m in excess
of what the revenue would have been with the old technology, over the
five-year period 1982 to 1986. Fourth, tax collection from companies may
well have increased, but this has not been invez:igated either.

Regional effects of the new technology have been uneven. While the
labour-saving effects of the cessation of assisted pollination have been
similar in West New Britain and Oro provinces (depending only on the age
and, therefore, the height of the palms) the yield increase has been much
smaller in Oro, for reasons yet unknown. Consequently, smallholders
gained lese in terms of money income in Oro than did plantations (through
wage savings) or did smallholders in West New Britain.

5 Conclugions

The research on insect pollination of oil palm in PNG proved a
well-chogen project, with outstanding econowic results. Not only were
the total benefits significant, but their distribution also included the
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smallholders, as well as the public sector. In fact, benefits to
smallholders and the public sector have been seriously underestimated in
this summary analysis, due to measurement probless and lack of data.

The measuresent of total benefits his been restricted to a short
past period. Since the new technology can ba reasonably expected to have
quite a feuw more years of useful life, total benefits may well eventually
be many times those of calculated in the present atudy.

The lack of evidence about the effect of the new technology on
previously hired labourers and smallholders through the very significant
lsbour savings is the main shortcoming of the present study. Without
such data, the evaluation of distributional consequences is far from
gatisfactory.

It has to be esmphasised that very few conclusions can be drawn
about PNG agricultural research in general - or, indeed, agricultural
research elsewherc. - on the bagis of the present analysis. The research
project scrutinised was an adaptive piece of research. Most agricultural
research in PNG is likely to fall in this category, but most will cost
considerably more to compinte than the research project examined in this
paper. This means higher expenditures and lower returns on research
funds, especially if there is a long lag between research expenditures
and adoption of the resulting new technology (i.e., benefits are heavily
discounted comparad to costs). The advantage of the new technology over
the old is usually far narrower than in the present case. Unavoidably,
some research will inevitably fail to achieve its planned objectives.

What this study demonstrates, however, is that the potential for
hizh returns to research in PNG most definitely exists. A realistic
identification of problems and possible research options can increase the
probability of research success, 2nd improve research returns in the
longer run. Or, turied around, if there is an azwareness of the whole
research-adoption process involved, and research projects are selected
from the beginning on the basis of a clear set of criteria and expected
returns, there should be less of a chance of such research results being
generated that do not contribute to the iuwproved welfare of the country.
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{979 1980 1981 1982 1943 1984 1985 1966  Total

Discount utem o

P {1986 = 100%) M2 /A W3 812 L1 950 100.0
Tarapte prices (1t F18) |
Grous yettiers' peices (K/t FFB) :
™) 20 10 120 W0 WO NI 3
oo 2.0 10.0 120 %0 69.0 5.0 .3
0il price (18, K/t) 338 W M N SN A3 W
Kevael price (FOB, K/t) wmou? 13 132 323 o4 o8

Production (FFB, t)

) 119217 114440 159250 163766 148375
Pl 105751 96560 99548 112970 125448
Total 204965 213000 258708 27673 21383 1247306
P ST36 75562 76199 102996 95566
Total 80425 110068 140240 177096 193643 711401

Stabjlization costs (X ‘000)

W s 193 80 -2 802 W2

oro S S A0 U7 1682 L2

Poiliration costs, DPT (K '000)

we 0 M & 8 5

oro 6 % % B &

Pollination field costs {K/ha)

W8 S/ 6 0 9 0 0 0 9
Pl 65.10 6470 69.2 75.0 785 B8 86.2

Oro S 0 0 0 o0 0o o o0
Bl 5.1 647 6.2 751 8.5 8.8 8.2

Yields (FFB, t/ha)

@8 Pl 8 18 1 18 18 1B 18

oro Pl 8 18 18 18 18 18 18

Follimtion field costs (K/t 7)

ws 36 36 38 &2 44 45 48

oro Pl 36 3.6 38 42 &4 45 48

Harvesting and transport costs (K/t FFB)

AT 9.3 10.11 10.55 1538 11,98
Pl 1051 141 11,92 11.48 12,08

Oro S/ 9.1 1041 0.5 1138 11.98
Bl 1050 11,40 15.92 1148 12.08



(cont'd)
1979 19” 191 1982 1983 1984 1965 1986 _Total

SO1M9 %07 1M 126

WU ML T3 6680 45
M 480 S0 WS B

180 18.0 180 180 180
31 31 37 31 37
2.0 240 2.0 280 210
37 37 a7 37 aa

40494 33340 46534 49813 49288
8324 7881 9576 10239 mm
N7 W06 SIBY 6566 7165

12610 12002 20646 26820 12108
oo 5158 6297 18464 10683 0893

m " (K/t m)" - 3.7 644 1180 8.7 0.2
o1 t'poet (K/t) 22 23 16 L7 17
Rernal t'port wt) 35 3.4 34 38 40
Yotal (K/t FFB) B2 6.9 184 862 0.7
Oro Processing (K/t FIB) 3.7 sh4 1180 857 9.3
oil t'port (K/t) 22 23 16 17 17
Rernel t'port (K/t) 35 34 34 38 &0
Total (K/t 71B) 182 65.0 118.4 862 9.8

{K ¢ 000, after listed costs imly)‘
e

| 758 -6680 -17526 -B186 -151%2
oo 863 -2304 -5548 -1586 -~9570

Gov't tax revenve on of] exports 45 530 1203 1168 550

2 WEIVIL POLLINATION: With Project

Production (FFB, t)

e s 108310 96919 166904 146772 207025 212806 192888 (1962 to
fl 81256 B6481 148052 128128 129412 146061 163083  1996)
foﬁl 190066 183‘00 314956 276900 336437 359757 355971 1644021

oro S/ 139 5352 23961 45267 66612 78000 102000 (1962 to
Pl 7246 22203 S96B1 78584 79247 107116 99339  1986)

vt g e o

Total 7585 27555 83642 123851 145850 185116 201389 730857
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1982

_15%

31

{étmt'd}

2985 1966

Tl

1051
9.3

sm
oo 578
W osm , 9.3
or¢ - S{H

B 1058

Oro S/H 5

0o : %8

[}

2
3.
, Y

bmmc

W8 oil " 6068 3260 70172

Ferpel 4392 32% 12t
Oro 0fl 1499 5903 18616
Xernel 215 1093 4750

; 1%% 11452 239
o 55 2035 5%

rt_costs

e Proemin: (K7t mu ' 3.7
0il ¢'port (K/t) 2.2
Kernal t'port {R/t) a5

19%

104

10,14
114t

1011

1148

-5528
~2514

10.56
11.92
10,56
1.9

10711
am

]
5928

2.9
“’6
a7
3.5

84200
6104

52413
118.0

1.6
3.4

-s%W 3916 |

=175 2508

1.3 11,98

11!‘8“’ m-w
1.5 1.9

78 1663
w1y

11283 8

28 28
4 44
21 q?’ 22;4
3-‘ 3.?

§39%6 81161
13660 15663
43860 45111
6930 7451

#4453 19855
23159 1093

85.7

-

3.8

Total {K/t ¥TB) 8.2

Oro Processing (K/t F18) 7.7
ol t'port (R/t) 2.2
Rernel t'port (K/t) 15

18,5

118.0
1.6
34

8.3

85.7
1.7
38

o«

~~-8 5
[~ ¥ X}

Total {R/t FFE} 8.3

rmm;w !

(K ' 0, after Listed coois only)
] 5258
Oro 1525

TGov't tax revesue from export levy 679

3782
-1708

757

118.4

-4735
~B65

1907

8.2

£
=

~56( ~14997
125 -~8853

8% TN
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190 180 18 1R 18 I 1985 0% Tl

2 G

25 W
16 2%

Iscrepental Grous Bevefits (K *000, comstunt noainsl values)

Hﬁ 849 664

g
SR
s ¥

Incresental Gross Benefits (K '000, conctant discounted values)

2 Share of wose protagonists
1.1 Sallholders
we

%o 4 82
1.2 Stabilization funds 1008 -5
1.3 Flanters and processors

i 8204 4423

Oro 170 910
1.4 Governpent

National

afits (R 00, corrent ooaloal velues)
E | -

hssz .ﬁ

oo 78

1747

%72

104

wss E£8

1

£

73
114

1506

514t

23041

3283
138

1823

11676
6221

936

1B

12109

1699
61

2981

sul

13980

67

37

8714
329

605

481

51

~1000

~491

51
~1000

195
718

20
A0

-491

195
18

20

%%

9
2910
1909
157

1749

6813
100
2669
10332

17

51298

8287
16

33213
12308
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AR 197 1960 198t 1062 1% 1586 1985 1986  Jotal
i IR 1B 6 e 55 5  #5
R : ; B W 48 4 0
carreat [K'000) 9.0 5.0 S74 165 458 M1 U7 12 18
comstant: (K *000) B o7 B w8 o2 % 12w
Diconted 1096 valie
of Tesesrch coats 5 2 1B N W o5 B 12
Fet prosent valoe Sz o
Beaefit/cost ratio 1683

Intersal rate of
return (%) 677






