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Abstract

TheAustralian Centrefor International Agricultural Research (ACIAR),
through collaborative projectswith the Commonwealth Scientific and
Industrial Research Organisation (CSIRO), Australia, and the Chinese
Academy of Forestry (CAF), hasbeen involved in tree species selection
trialsin southern Chinasince 1984. Thetrials' wereaimed at identifying
fast-growing species of Eucalyptus, Acacia and Casuarina. The Chinese
have been planting Australian tree speciesfor more than 100 years, but
beforethe ACIAR project there had been little progressin determining
which species and provenanceswould be best for thelocal climate and
soils. This paper presents an assessment of the economic impact of
research undertaken under two ACIAR-supported projects.

Adoption of some new introductions has been much greater and sooner
than previously anticipated. Using a5% discount rate, base-case benefit
estimates suggest the future stream of economic gainsto Chinahave anet
present value of $A122.3 millionin 1996 dollars. Theinternal rate of
return is 35%, indicating the research was a particularly valuable
investment. While some uncertainty inevitably remainswith this estimate,
enough time has passed to be confident about these results. The benefit
estimates are large by most standards, particularly for forestry research,
whichisusually characterized by long lag periods between the research,
adoption and harvesting phases. In this case research and adoption lags
were short, productivity gainslarge and adoption levels high.

The Chinese are currently planting more than 85 000 haof the new
introductions annually. Infact plantations of the new introductions are
aready being harvested. The‘in-hand’ net present value of the projectsto
1999 is A$3.8 million ($1996). Thisindicatesthat substantive net
economic benefitsfrom the research have begun to flow.

1.The two projects discussed in this paper are:FST/8457: Introduction and cultivation
experiments for Australian broad-leaved tree species- Phase | FST/8848: Introduction
and cultivation experiments for Australian broad-leaved tree species- Phase |
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Introduction

The Chinese have been planting Australian tree speciesfor morethan 100
years. Littleisknown, however, of the exact geographic origins of these
trees. Collaborative tree species sel ection research was undertakenin
southern Chinabeginning in the early 1980s supported by the Australian
Centrefor International Agricultural Research (ACIAR), the Chinese
Academy of Forestry (CAF) and the Australian Commonwealth Scientific
and Industrial Research Organisation (CSIRO). The research under
ACIAR-supported project numbers 8457 and 8848 essentially dealt with
the selection of fast-growing species of Eucalyptus, Acacia and
Casuarina. McKenney et al. (1993) and Daviset al. (1994b) previously
calculated the potential economic benefits of thisresearch. At thetime of
those studies numerous assumptions were required to estimate the likely
economic gains. Several years have now passed and the opportunity now
existsto revisit those studies and examine the veracity of the assumptions
and results. This paper re-examinesthelikely economic benefits of the
Australian tree species selection research in southern China. Key
assumptions and outcomes are revisited and the likely economic benefits
re-estimated.

Therearerelatively few empirical analyses of the economic returnsto
research inforestry (e.g. McKenney et al. 1992, 1997; Hydeet al. 1992;
Huang and Teeter 1990; Jakes and Risbrudt 1988; Fox 1986) when
compared to agricultural research. Many of the analytical advances have
occurred in the context of evaluating agricultural research (see Norton and
Davis1981 and Alston et al. 1995). To our knowledge, therearenorevisits
of research evaluation studiesin forestry contexts availableinthe
literature. Thisaddsto the significance of the current study.

Background

China’ sforest areacovers 124 million hectares, about 13 per cent of the
land area(Dong 1991). Morethan half of the 100 million cubic metres of
wood harvested annually comesfrom southern provinces, mainly from
trees planted by collectivesand individuals (Bennett 1988). Thereisa
large domestic demand for fuelwood, poles and sawn timber and a
government policy to increase the amount of wood used for paper pulp.
Large-scale plantation forestry programs have been initiated supported by
organi zations such asthe World Bank. Plantations of high yielding
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eucalypts and acacias are now making an important contribution to wood
production in southern China, where the climate is conduciveto high
growth rates (Bai et a. 1998). Casuarinas are widely planted in coastal
shelterbelts but to date have had little industrial use.

Eucalyptswere introduced into southern Chinaabout 1890. These and
subsequent introductions came from unsel ected, and often incorrectly
named, trees growing asexoticsin avariety of countries. Eucalyptswere
originally planted as ornamental s and for roadside shade. In the 1950s
extensive areas of eucalyptswere established. Much of thewood
harvested from these plantations has been used astimber inthe mining
industry (Turnbull 1981). Eucalypt plantations now cover an estimated
areaof 1.5million hectares (principally in Guangdong, Guangxi, Hainan
Island, Y unnan and Fujian provinces) although this number is somewhat
contentious. A further one billion trees planted around fields, homes and
villages, and along roads, railways and watercourses provide asignificant
timber resource, especially in Sichuan and Y unnan provinces (Wang
1991).

Because of atimber supply deficit, the availability of land, and anaimto
have aeucal ypt resource of sufficient sizeto support a pulp and paper
industry, agoal of the Chinese Ministry of Forestry has been to increase
the area of eucalypts. When the expansion of the eucalypt areabegan, the
treeswereraised from local seed sown intraditional nurseries and planted
oninfertile siteswithout fertilizer. Only the robust species survived.
Present areas of Eucalyptus exserta and Eucalyptus citriodora arethe
product of this selection process. They tolerateinfertile soils but have low
yieldsand have wood with relatively poor pulping properties. The average
yield of plantation-grown eucalyptsin Chinahas been only 5-8
ma3/ha/annum (Liu 1988).

Casuarinas have been grown in Chinafor more than 80 years but it was not
until the 1950sthat | arge plantation areas were established in southern
coastal areas. These plantingswere originally established to stabilise
coastal sand dunes and protect adjacent farmland. The shelterbelts extend
aong the coast from Hainan Island to Zhejiang, adistance of about 4000
km, and cover several hundred thousand hectares. They have becomean
important source of fuelwood and poles (Turnbull 1983; Cao and Xu
1990; Zhong 1990a). The major species planted is Casuarina
equisetifolia, but there are significant areas of Casuarina cunninghamiana
and Casuarina glauca. The original source of seed of these speciesis
unknown.
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In southern Chinaan acacia, Acacia confusa, has been widely usedin
plantings around houses and along roads, railways and waterways. Itis
relatively slow growing and has a crooked stem so that its principal useis
for fuelwood and shelter. Aswith the eucalypts and casuarinas, the source
of the origina seed introduction isunknown.

In 1980 an Australian forestry mission to Chinarecommended testing new
introductions of speciesand provenances of eucalypts, acaciasand
casuarinasto increase plantation productivity (Carter et al. 1981).
Subsequently, aproject at Dongmen Forest Farm in the Guangxi Zhuang
Autonomous Region demonstrated that substantial increasesinyield
could be obtained through the introduction of new speciesand
provenances of eucalyptsand pines and strategic applications of fertilizer
(Cameronet a. 1988; McGuireet al. 1988). This project was supported by
the Australian International Development Assistance Bureau, and
executed by the Queensland Forest Service. A complementary project was
implemented in 1985 by the Chinese Academy of Forestry’ sresearch
institutesin Guangzhou and Beijing, and the CSIRO Division of Forestry,
Canberra, the object of which wasto test awider range of Australian tree
species and provenances over more diverse environmental conditionsin
other provinces. ACIAR provided asignificant proportion of the funding
and was acatalyst for undertaking the research.

3. The ACIAR Collaborative Project

Thefirst phase of the ACIAR project commenced in 1985 with the
primary objective of identifying Australian eucalypts, acacias and
casuarinas which would be more productive than those currently being
used. The project involved introducing, from Australiaand el sewhere, a
wide range of species and provenances of known origin. Numerousfield
trialswere established. Thesewerelocated in Y unnan Provincein the cool
subtropical, high altitude plateau areas of southwestern China: in cool to
warm subtropical Fujian Province: and tropical Guangdong and Hainan
Island provinces. These arethe primary areastargeted for eucalypt
plantation devel opment. Thetrialswere designed to test the adaptability of
the new introductions. Survival and health were assessed and growth
measured. More detailed information on the trials and results are given by
Yangetal. (1989), Zhou and Bai (1989), Wang et al. (1989), Wang (1990),
Zhong (1990b) and Brown (1994).
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At thetime of the previous economic studies (McKenney et al. 1993 and
Daviset al. 1994b), growth measurementsindicated that some of the new
introductions were growing much faster than the controls. Whilethe
experimental data suggested substantial increasesin wood production
were possible from introduced species, caution was advised by the
scientistsinvolved dueto the small plot size. Volume estimatesin small
plotscan beinflated due to edge-effects. Nevertheless, the results at the
time provided an indication of the potential of the new species. Thelack of
reliable seed sources within Chinaaffected assumptions about adoption
levelsand how long it would take to establish plantation areas. However,
seed orchards and breeding programs have been established for further
improvement of the most promising species. For example, seed orchards
of acaciawere established in 1988 in Hainan Island and Zhejiang.
Breeding plans have been devel oped for Eucal yptus globulus, Eucalyptus
grandisand Eucal yptus urophylla and seed production areas have been
established. More than 95% of the seed for the new introductions are now
coming from Chinese sources (Bai Jiayu, pers. comm.).

Early indications were that the extensive plantations of E. exserta and

E. citriodora would bereplaced by E. urophyllaintropical areaswith low
typhoon risk, Eucal yptus tereticornis or Eucal yptus camaldulensisin
tropical areaswith higher typhoonrisk and E. grandisor E. urophyllain
subtropical areas. Infact, for the most part E. urophylla has been adopted
asthe major eucalypt speciesin southern China. (Strictly speaking

E. urophyllaisnot apurely Australian species[John Fryer, pers. comm.].)
It wasalso likely that new provenances of Acacia auriculiformiswould be
used extensively inthetropical lowlands, especially for boundary
plantings, and that the faster growing Acacia crassicar pa and Acacia
mangiumwould be planted on the dlopes of the hilly land in tropical areas.
This has proved to be the case.

In the cooler highlands of Y unnan, Sichuan and Guizhou provincesandin
the coastal Zhejiang Province, thereislikely to be anincreased rolefor
temperate eucalypts (Wang et a. 1992). However, seed from Australia
wasin short supply and was expected to inhibit the adoption of faster
growing temperate eucalypts. Inthe previous study (McKenney et al.
1993) it was assumed that the cool sub-tropical highland component of the
research would result in relatively low benefits and so temperate eucal ypts
were excluded. However, since the previous studies, plantation areas of
Eucalyptus smithii, another temperate eucalypt, have been more widely
established asaresult of the ACIAR trials. Benefit estimatesfor the
temperate eucalypts areincluded in this study.
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During the course of thisupdate, it became apparent that some of the
assumptions of the previous studies have proved to beincorrect. For
exampl e, the assumption that new introductions of casuarinawould be
adopted at arate of 10 000 haper year has hot occurred. Casuarinaisstill
being used for coastal belt plantings but the new introducti ons appear to be
too costly relativeto old sources and casuarina does not have as many
industrial usesasthe eucalyptsor acacias (Bai Jiayu, pers. comm.). This
study therefore focuses on acacias and eucalypts. The three classes of
tropical, sub-tropical and temperate eucalypt has been modified to two
classes: (i) tropical and subtropical, and (ii) temperate eucalypts. Better
dataare now available on plantation yields and the actual plantation areas
established from theintroductions.

Impact Assessment

A range of research evaluation frameworks has been employed in past
assessments of theimpact of research. Some have used very simple

models which estimate the value to society of the research asthe expected
increasein product output valued at the current or expected price. Others
have used economic welfare theory-based measures of the impact of
technology with multi-stage, multi-regional traded good models
incorporating research spillovers between regionsto estimate the potential
valueto society of theresearch (e.g. Daviset al. 1994a). Generally the
evaluation framework used should depend on the use of theinformation.
For some situations the information generated by asimpleframework will
beall that isrequired, whilefor others more complex inter-regional
interactions and relative distribution of benefits between consumers and
producers may be of interest.

Evenif asimpleframework is considered appropriate, careisrequiredin
the choice of the framework and especially the estimation procedures
adopted. For example, the estimated val ue of the expected increasein
output should be used with care. Figure 1 illustrates the approach used to
measure of the gainsfrom research. A single-region, non-traded, single
good model isrepresented. Demand isrepresented by D. The product
supply beforeresearchis §,. After research the cost of producing the
product isreduced, shifting the supply to S;. The economic welfare theory-
based measures of the gains from research suggest that the areaabdeisa
close approximation of society’ sgains. For agiven cost reduction dueto
research, inthis case bf, the area, abfe, will remain the same regardless of
the supply and demand characteristics of the product involved. Therest of
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thewelfare gains, here bdf, will change depending upon the supply and
demand characteristics (el asticities). In the extreme, thisareacan be as
large asbcf. In most casesthisvariable areaisarelatively small share of
thetotal welfare gain estimate. See McKenney et al. (1993) for further
details. Clearly the estimate of the gains can be sensitiveto the
assumptions regarding the supply and demand conditions.

Figure 1. The economic assessment framework (see text for details).

Price

Qo Q Qe
Quantity
For consistency we continue to use the same simple welfare theory-based
measure adopted by the previous studiesto estimate the expected gains
from theresearch. Thereisaclearer theoretical basisfor thismeasure as
opposed to the * value of the changein output’, and in addition, itisin
general likely to beless sensitive to the often uncertain underlying supply
and demand conditions. For reasons highlighted in Davisand Bantilan
(1991) the cost reduction, that is bf, will be used to estimate the research
gains not the output increase (bc or bg). This assessment continuesto use
only wood valuesto estimate benefits. Non-wood benefits areignored for
the quantitative assessment but are noted in the discussion.

In practical terms, the analysis proceeded asfollows. The cost per cubic
metre (i.e. unit cost) of growing wood from plantations (before and after
research) was cal culated by compounding all establishment and

mai ntenance coststo rotation length. Thisapproach wasused to providean
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estimate of the unit cost reduction due to the productivity (volume) gains
from the new introductions. Note that there are additional costsand
changesin rotation lengths associated with the new introductionswhich
means the unit cost reductions are not linearly related with the volume
gains. The annual research gross benefitswere estimated in two parts.
First, the areaabfein Figure 1 was estimated.

Thisareaisthe same asthe area P bfa where:

Pbfa = Q, ¥ *bf’ (cost reduction per cubic metre)
= Areaplanted to new species¥ pre-research yields per ha¥ ‘bf’.

Second, the area bcf, was estimated using the formulafor the areaof a
triangle, 0.5 ¥ base ¥ height, where the baseisthe cost reduction ‘ bf’, and
the height is‘bc’ whichisequal to the changein ouput (Q** — Q). Thus:

bcf =0.5¥ 'bf’ ¥ (new yields/ha— pre-research yields/ha)
¥ areaplanted to new tree species.

Note that an assumption of perfectly elastic demand (i.e. ahorizontal
demand curvein Figure 1, Py —c) wasused. Thismeansthat in Figure 1,
the estimation of research benefitsis based on Q,**, not Q,. Thisfurther
impliesthat standing timber prices would be unaffected by theincreased
output dueto the research. Thiswould appear to be areasonable
assumption for several reasons. Pricesare generally administered in China
and even though large volumes are being produced from these plantations,
in toto they represent asmall share of total wood output in Chinaandin
proportion to world production. Also, the plantation programs have been
devel oped to support domestic pulp mills (Bai Jiayu, pers. comm.) and the
analysishasarelatively long term perspective. Over thelonger run
especially, theimpact on prices of production from any singleregion
would most likely be negligible (D.W. McKenney and M.S. Common,
unpublished data).

Project research costs are then summarized and subtracted from the gross
benefitsto estimate the net benefits. Present valuesin 1996 Australian
dollarsof al costs and benefitswere calculated using areal discount rate
of 5% and a Chinese Y uan to Australian dollar exchange rate of 6.4786 to
1. Thestepsintheanaysisare summarized in Figure 2.

IMPACT ASSESSMENT SERIES
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Figure 2.

Steps in evaluating the impact of species selection research.

4.1

Estimate the unit cost of producing [
wood for the old species and new O
introductions

Sensitivity analysis for important(J Estimate the reduction in unit cost [
parameter values using the new introductions

“ l

Estimate the net economic surplus/(]
welfare gains from the introductions
inclusive of research costs

\4

[}

Unit Costs of Production

Theunit cost of producing wood is cal culated by compounding all
plantation establishment and management costs forward to the end of the
plantation’ slife and dividing by harvest yield. The costsarethen
expressed per unit of production (e.g. Y uan or dollars per cubic metre).
Theinterest rate for compounding costs was assumed to be 5%; this being
aredl rate (net of inflation) for plantation-forest types of investments (e.g.
see Row et al. 1981). Thediscount rates used to estimate net present values
of theresearchinvestment werereal rates of 5%. Internal rates of returnfor
the research investment are al so presented. These are unaffected by the
discount rate used for the net present value calculations.

Typical plantation costsfor acacias and eucalypts before and after the
adoption of the new introductionsare givenin Tables 1 and 2. When
multiple products are realised from plantations the issue of cost allocation
arises. Here the unit cost of production has been cal culated based on total
wood yield only. Theallocation of costsamong joint productsisgenerally
arbitrary and can lead to biased cost estimates for each product (Bowes
and Krutilla1989; Hof et al. 1985). Given that some products can be
produced beforethefinal harvest at the end of the rotation, this approach
can provide an overestimate of the unit cost. Hence the resultant benefit
estimates reported here could be construed as conservative.
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Plantation costsfrom the previous studies formed the basisfor unit cost
calculations. However, researchers at the Research Institute of Tropical
Forestry re-examined these costs. Many of the costswere the same, others
increased and some decreased. However, land costs do appear to have
increased substantially. These new land costswere not used here sincethe
increased productivity of the new plantationswould be capitalised into
increased land values. It would seem more reasonabl e to attribute this
increaseto the research.

Adoption costsfor the new introductions are primarily the costs of seed
procurement and some modified silvicultural practices, such asmore
intensive site preparation. Some seed isbeing purchased from overseas but
thisisasmall proportion (lessthan 5%) of thetotal requirements (Bai
Jiayu, pers. comm.). Asnoted above, the Chinese have generally chosento
develop their own seed sources (e.g. seed orchards, seed production areas,
and so on) at cost that isthreeto six times more per kg than the previous
sources of seed. Thisseed cost isstill asmall proportion of the overall cost
of plantations. In the previous studies some seed orchard costswere
included in the unit cost cal culations as part of the adoption cost. The seed
orchard costs have been dropped asthey are embedded in the seed
purchase costs. Inclusion would imply double counting this component.

Table 3 summarizestheyield and unit cost reduction estimatesused in
study. The unit cost reductions due to research range from 28.6 yuan per
m?2 for tropical acaciasto 10.7 yuan per mé for eucalypts. In percentage
termsthese represent production cost reductions ranging from 19%
(eucalypts) to 55% (acacias) corresponding to 30% and 177% volume
production increases. Thisresult demonstratesthe lack of direct
correspondence between volumeincreases and cost reductions.
Contributing to these unit cost reductions are short rotation lengths for
both eucalypt and acacia plantations. Rotation length for the introduced
speciesissaeven years (the primary products being pul pwood). Thuseven
though plantation establishment and management costs have increased,
they are compounded over ashorter period of timefor the unit cost
calculations and divided by agreater yield. The compound rate used was
5%. In general, the higher the compound rate, the higher the unit cost, and
hence the unit cost reductionswould actually belarger.
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Table 1. Plantation cost estimates for acacia (yuan per hectare).

Old selections (10 year rotation)

Year 1 2 3 4 5 6 7 8 9 10
Land costs 30 30 30 30 30 30 30 30 30 30
Seed purchase 15

Seedling production 300

Site preparation 600

Planting 600

Fertilizer 300

Survival assessment

Maintenance 30 10 10 10 10 10 10 10 10
Total cost 1845 60 40 40 40 40 40 40 40 40
Compounded cost @5% 2862 89 56 54 51 49 46 44 42 40
Total compounded costs 3333

New selections (7 year rotation)

Land costs 30 30 30 30 30 30 30
Seed purchase 45

Seedling production 300

Site preparation 900

Planting 300

Fertilizer 450

Survival assessment 300

Maintenance 600 10 10 10 10 10
Total cost 2025 930 40 40 40 40 40
Compounded cost @5% 2714 1187 49 46 44 42 40
Total compounded costs 4122

Source: Bai liayu, Chinese Research Institute of Tropical Forestry—representative costs of
old and new plantations.
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Table 2. Plantation cost estimates for eucalypts (yuan per hectare).

Old selections (10 year rotation)

Year 1 2 3 4 5 6 7 8 9 10
Land costs 60 60 60 60 60 60 60 60 60 60
Seed purchase 60
Seedling production 150
Site preparation 375
Planting 525
Fertilizer 600 300 300
Survival assessment
Maintenance 150 150 150 150 150 150 150 150 150 150
Total cost 1920 510 510 210 210 210 210 210 210 210
Compounded cost @5% 2179 754 718 281 260 255 243 232 221 210
Total compounded costs 6160
New selections (7 year rotation)
Land costs 60 60 60 60 60 60 60
Seed purchase 360
Seedling production 300
Site preparation 750
Planting 900
Fertilizer 600 300 300
Survival assessment 100
Maintenance 150 150 150 150 150 150 150
Total cost 3120 610 510 510 510 510 510
Compounded cost @5% 4181 779 620 243 231 221 210
Total compounded costs 6485
Table 3. Yields and cost reductions.
Species group Wood yields and cost reduction

old (m) Average rotation New (m?3) Average rotation (Yuan/ m3)

length in years length in years
— old species — new species

Acacias 65 10 180 7 284
Tropical and subtropical eucalypts 108 10 140 7 10.7
Temperate eucalypts 108 10 140 7 10.7

Source: Yields from Bai Jiayu, Chinese Research Institute of Tropical Forestry; unit cost reductions calculated by
dividing compounded plantation costs (Tables 1 and 2) by yields and determining the difference in unit costs

between the old and the new.
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Table 4.

4.2

Adoption Levels of the New Introductions

Annual plantingsfor theintroductions are summarized in Table 4.
Plantation establishment levelsfor Acacia are currently 20 000 haper year
and expected to riseto 25 000 haper year in the near future. Tropical and
subtropical eucalyptsare being planted at arate of 65 000 haper year and
expected toriseto 70 000 haper year by theturn of the century. Temperate
eucalyptsare currently being planted at arate of 500 haper year. Therapid
adoption of theintroductionsisthe magjor contributing factor to the results.
Some of the early plantations of these species are already being harvested
(Bai Jiayu, pers. comm.).

Annual planting levels for new introductions (ha).

4.3

Year Acacia Tropical and Temperate Casuarina
subtropical eucalypt eucalypt
1989 600 100
1990 800 1000
1991 10 000 10 000 100 20
1992 12 000 20 000 200 15
1993 13 000 30 000 300 18
1994 17 000 50 000 300 20
1995 18 000 60 000 300 14
1996 20 000 60 000 500 10
1997 20 000 65 000 500 20
1998 22 000 65 000 500 16
1999 23 000 70 000 500 18
2000 23 000 70 000 1000 19
2001 24 000 70 000 1000 20
2002 24 000 70 000 1000 20
Beyond 25 000 70 000 1000 20
2002

Note: Over the longer run it is anticipated that most, if not all, of the currently 1.5 million hectares of eucalypt
plantation area in China will likely adopt the new faster growing species (Bai Jiayu, pers. comm.). Given the
small level of adoption of casuarina, this species category has been omitted from the quantitative analysis.
Source: Bai Jiayu, Chinese Research Institute of Tropical Forestry.

Project Research Costs

Table 5 summarisesthe costs of the project from 1985 through 1992. The
costsinclude thoseincurred by ACIAR, CSIRO and CAF. Theresearch
costsfor CAF, and especially CSIRO, are both direct and indirect (e.g. the
use of existing buildings and equipment) costs.
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Table 5.

Year
1985
1986
1987
1988
1989
1990
1991
1992

Project costs.

ACIAR A$

83 550
111 400
63 500
128 018
183 554
222 670
284 524
89 959

AUSTRALIAN TREE SPECIES SELECTION IN CHINA

CSIRO and CAF? |Total costs (nominal A$) Total costs in constant 1996 A$

- 83 550 138 008

101 500 212 900 327 376

85 000 148 500 212 682

84 000 212018 283383

245 000 428 554 526 993

250 000 472 670 546 454

250 000 534 524 592 947

250 000 339 959 370 181

8 China Academy of Forestry.

Source; Project documents and estimates for CAF and CSIRO for the last three years. Nominal research costs
are converted to 1996 dollars using an Australian consumer price index. To avoid confusion, the discount rate
for estimating net present values of the research is net of inflation.

Estimated Project Net Benefits
—the Base Case

Asmentioned, the net present value (NPV) of theresearch trialsis
calculated by subtracting the present value of the research costsfrom the
gross benefits. The gross benefits are estimated using the unit cost
reductions and the framework discussed earlier. Althoughitisclear these
introductions are being used, and being harvested, many of the plantations
have not yet reached maturity. Net benefits have been cal culated over a30-
year period from 1985 to 2014, inclusive. Thisisthetimehorizon ACIAR
isusing in other project evaluations.

Table 6 providesthe benefits estimates. Appendix 1 also providesa

detail ed tabular summary of the nominal and discounted costs and benefits
by year. Note the lags between the research, plantation establishment of
the new introductions, and harvesting. The NPV isestimated asA$122.3
millions ($1996) and theinternal rate of return (IRR) as 35%. TheIRR
represents the discount rate that would be required to make the present
value of the costs equal to the present value of the benefits. By most
standards these returns are exceptionally high. Thetotal research
investment was A$2.3 million ($1996).
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Table 6.

Case—Kkey assumptions

Base case

Sensitivity 1—Higher discount rate.

Sensitivity 2—Longer time horizon.

Sensitivity 3—Lower realised yields.

Sensitivity 4—Someone else would have
done the research at a later date.

Sensitivity 5—Inelastic demand curve.

Sensitivity 6—A higher exchange rate for
the Yuan — (see text for the value)

Net benefit estimates of Australian tree species selection trials in southern China.

Net present value
and IRR
(A$1996 millions)

uses values noted in Tables 3-5; 122.3
5% discount rate

uses values noted in Tables 3-5; 43
10% discount rate

uses values noted in Tables 3-5; 1924
5% discount rate

Time horizon to 2030 instead of 2015

uses values noted in Tables 3-5; 54

but realised yields are lower than those
in Table 3 (see text for values)

New unit cost reductions
Acacia —17.6 yuan/m?

Eucalypt —4.7 yuan/m3
uses values noted in Tables 3-5; 75.4

but planting of new tree species starts
10 years later than in Table 4

uses values noted in Tables 3-5; 86.9
5% discount rate;

but demand is perfectly inelastic (the
demand curve in figure 1 is vertical)

266.9

Comparison of base case results with earlier results

19

Internal rate of
return
(IRR) (%)

35

35

35

28

35

32

35

Theresultsare dightly lower than the previous studies. Thelarger, faster
adoption rates and the shorter rotation periodsfor the new plantations of
Eucalyptus and Acacia partly make up for theloss of the contribution of
Casuarina that was assumed in the previous studies but failed to
eventuate. The previous studies al so assumed higher yieldsfor both old
and new plantationsthan therealised yields. In addition, an exchangerate
of 6.4786 Y uan per Australian dollar was used in this study as compared to
3intheprevious studies.
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5.1 Sensitivity Analyses

This section discusses six sensitivity analyses designed to test the
robustness of the base case estimatesto changesin key assumptions. Table
6 also includes estimates of research benefitsfor arange of alternative
assumptionsfor selected key parameters.

Sensitivity analysis 1: the discount rate

Using a10% discount rateinstead of a 5% rate on the overall benefit
estimates reducesthe NPV to A$43.0 from A$122.3 million ($1996). The
higher discount rate was used for comparative purposes because it was
used inthe earlier study. The IRR of course remainsthe same.

Sensitivity analysis 2: the time horizon

The previous studies cal culated benefitsto the year 2030. Using the same
2030 time horizon and a 5% discount rate givesavalue of A$192.4 million
(IRR of 35%).

Sensitivity analysis 3: lower realised plantation yields

Another sensitivity analysiswas performed in which the realised after-
research plantation yieldswere decreased from thosein Table 3to 122.4
m3/ha, and 123.9 m3/ha. This sensitivity could, for example, represent a
case whereinsects or diseasestarget these new introductions and decrease
yields. Inthiscasethe NPV decreasesfrom A$122.3 to A$54.0 million
($1996; 5% discount rate). The | RR decreasesto 28%.

Sensitivity analysis 4: someone else would have undertaken the research
at a later date

Once an agency decidesto undertake a particular research project the
decision set changesfor all other potential funding agencies. It would be
irrational for an agency to fund aproject that has already been undertaken.
But if ACIAR did not undertake the research would it have occurred

anyway?

Discussionswith researchersin Chinasuggest that, without the ACIAR
projects, it would have taken an absol ute minimum of 10 years before
research would have occurred that would haveidentified more productive
tree species. To account for thisline of thinking, NPV swere calculated
with an additional 10-year lag, on both research costs and benefits. Under
this scenario, the NPV of the project in $1996 becomes A$75.4 million
(5% discount rate) (see Table 6). Thiscomparesto A$122.3 million
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($1996) in the base case. It would seem reasonableto argue that the
difference between these values (122.3 - 75.4 = A$46.9 million at 5%) are
the absol ute minimum amountsthat should be attributed to ACIAR for this
research. Thesevaluesare still remarkably high by most standards.

Sensitivity Analysis 5: a perfectly inelastic demand curve

With an unrealistic assumption of perfectly inelastic demand, the base
caseresults decrease from A$122.3 to A$86.9 million, till alarge NPV.
ThelRR inthiscaseonly slightly declinesfrom 35% to 32%. Recall the
base case assumed perfectly elastic demand. The determination of actual
price elasticities could a so bethe subject of further research but thisseems
somewhat unnecessary given the outcome of the study. However this
sensitivity givesan indication of the maximum size of thetriangle‘bcf’. In
the base case we assumed the largest possible sizefor thetriangle ‘bcf . In
thissensitivity, thetriangle ‘bcf' doesnot exist, itsareaiszero. The
difference between the base case result and the estimate in thissensitivy is
A$35.4million. Thisisthe areaof thetrianglein the base case, whichis
about 29% of the base case estimate of the NPV.

Sensitivity Analysis 6: a higher exchange rate between the Yuan
and the dollar

In the base case, an exchangerate of 6.4786 Y uan per Australian dollar
was used, thisbeing the 1996 ratethat ACIAR isusing in other project
evaluations. However, an exchange rate of 3 was used in the previous
studies. Using an exchangerate of 3 increasesthe NPV of theresearch
investment to A$266.9 million ($1996 with a5% discount rate).

Non-market benefits

Other benefitsfrom plantations of the introductionsinclude an estimated
80% gainin essential oilsharvested from sometropical, sub-tropical and
temperate eucal ypt plantations. Note that pricesfor this product have
dropped by almost half in thelast 10 yearsin southern China (Bai Jiayu,
pers. comm.). The new introductions of acaciasfix nitrogen and produce
tanninin larger quantitiesthan the previously used species. Up to 230
kg/halyear of nitrogen are being added to the soil in these plantations
which isexpected to decreasefertilizer usage. Up to 750 kg/halyear of
tannins are expected from some plantations. Given the high returnsfrom
the wood component of the research, it was deemed unnecessary to
include an estimate of economic value of these benefits. For many other
environmental problemsin China, the planting of any suitabl e tree species
would be beneficial, hence it was considered inappropriate to attribute
non-wood benefitsto speci es selection research that were for the most part
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aimed at increasing wood production. These benefits, if quantified, would
add to the already large benefits from the research.

Concluding Remarks

Thisassessment has considered only gainslikely to be achieved in the
provinces of southern China. It ispossiblethat therewill be spillover gains
(e.g. adoption of faster growing Australian tree species) to other countries
in South-East Asiafrom thisresearch. Some of this could be attributed to
the ACIAR project however thiswould inevitably involve conjecture as
other research and aid agenciesalso fund effortsto increase productivity in
fast-growing plantations. Thereisalso increased interest in fast growing
eucalypt plantationsin Australia, but againit isdifficult to makealink
betweent hisresearch and increased production in Australia. Different
speciesare used and to date relatively little of the Australian national
plantation estateis eucalypt or other non-coniferous species. Thiscould be
the subject of further investigation. In principle, there could also be short-
term price effects (decreases) in Chinaand internationally asthese
plantations areas are harvested and supplies of wood productsincrease.
However, domestic pricesfor final productslike plywood and fibreboard
have at |east doubled in the last 10 years (Bai Jaiyu, pers. comm.). These
plantations are being used to satisfy domestic demand for wood products
and they still represent arelatively small proportion of total Chinese
production (Bai Jiayu, pers. comm.).

Themain reason for the large returnsisthelevel of adoption of the more
productive eucalypts and acacias. These new introductions also have
greater yields over shorter rotation periods than previously used species
and they have an immediate commercial use—helping tofill domestic
demand for pulpwood. Theresearch trialshave had littleimpact on the use
of Casuarina speciesin China. In this case the new introductions do not
appear to have had asignificant commercial application or use. Also the
new introductionsof casuarinaarein fact moreexpensiveto use. Seedisin
short supply and more expensive to obtain, hence there hasbeen little
incentiveto adopt the new introductions, despitetheir faster growth rates.
Thisinformation may be of usein future deliberations of possibleresearch
projects.

Given theinherent uncertaintiesin long-term research projects, economic
analysis of research impacts should, asageneral rule, consider the
sensitivity of the resultsto changesin important assumptions (e.g. costs,
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lag periods, adoption rates). In this case enough time has passed since the
research that plantations of the new introductions are already being
harvested and economic gains beginning to flow from theresearch. This
lends much more credence to theresults. The costs of the research in net
present valuetermsthrough 1999 is A$3.8 million ($1996). Despitethis, it
should berealized that the numbers are an approximation of the net
benefits of the research. For example, average costsand yields were used
to determine the unit cost reductions. Thereisundoubtedly some variation
in these costs and yields across southern China. Neverthelessthe
sensitivity analysisreported here should suggest even to the harshest
criticsthat the project hashad, and is continuing to provide, large returns.
Non-wood benefitsare also likely to lead to substantial economic returns
that have not beenincluded in thisanalysis. Thisincludesincreased
production of essentia ails, tannins and plant-available nitrogen.
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