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Preface
This report was a component of the ACIAR-funded project ‘Enhancing community-based
commercial forestry in Indonesia’ (FST/2015/040), conducted from July 2016 to December 2020.
The report was part of the studies under objective 1: ‘To enhance the commercial benefits from
community-based commercial forestry (CBCF) for smallholders by strengthening their business
networks’.
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Summary
Background
President Widodo declared in 2014 a goal of establishing 12.7 million ha of social forestry
established across Indonesia by 2019. Despite the ambitious targets, implementation has been
slow and returns for smallholders variable. For most smallholders, any motivation to plant trees
competes with their interest in planting short term food crops to provide the necessary cash flow
to support a farming family’s daily needs. Moreover, a poor grasp of market dynamics often sees
smallholders sell their trees when in need, rather than at the optimum time for financial returns.
Even with the enormous potential for social forestry to address critical issues (e.g. tropical
deforestation, rural poverty, industry demand for timber), its potential remains unrealised due to
such constraints as poor understanding of silvicultural options to improve log quality and limited
knowledge of the economics of smallholder timber production.
Numerous studies have reported the proportion of household income from forestry activities for
smallholders in Central Java and a number of studies in Indonesia reported the results of financial
analyses of smallholder forestry and agroforestry. However, none of the studies provided sufficient
detail to be able to replicate the financial model and benchmark the results against key input
variables (e.g. unit costs of production, timber yields by product and log size class, discount rate).
Another deficiency is the lack of empirical data on the growth performance of existing smallholder
plantations in Indonesia.
A study was undertaken to fill these knowledge gaps by analysing inventory data from smallholder
forests, and by using the results together with other data to develop financial models to inform
smallholder tree growers of the relative economic benefits of growing sengon (Paraserianthes
falcataria) and teak (Tectona grandis). Teak is the most important timber species in Indonesia with
most teak sold to domestic markets primarily for the furniture manufacture; sengon produces
timber that is highly suitable for veneer and plywood production and is a species that smallholders
have cultivated in agroforestry systems in Central Java for generations. The focus of the research
was smallholder forestry enterprises on land privately owned (Hutan Rakyat, HR) and state-owned
land leased to smallholders or community plantation forests (Hutan Tanaman Rakyat, HTR), that
account for the majority of community-based commercial forestry across Indonesia.

Method
The study was set in the district of Pati in the Central Java province in Indonesia where the research
team including Trees4Trees™ (a prominent NGO that facilitates smallholder forestry) have
established strong long-term relationships with the local communities. Recent household surveys
showed that forestry made a prominent contribution to household income in villages in Pati and
that sengon and teak were two of the main species planted.
We used multiple methods to assemble data for the models: we reviewed the literature related to
smallholder teak and sengon growing and agroforestry in Indonesia and elsewhere; we conducted
semi-structured interviews with smallholder growers of sengon and other value chain actors in the
Pati district; we collected case study data from smallholder sengon and teak plantations including
plantation inventory and timber volumes and revenues from a harvesting operation; and we set up
panels of experts to collate and confirm contemporary field experience on the silvicultural systems
and costs for the production of sengon and teak timber by smallholders.
The main methodological framework used to examine the economics of forestry was a discounted
cash-flow analysis to calculate indicators of profitability – net present value (NPV) and internal rate
of return (IRR). The financial models we developed were for sengon grown on a short rotation of 6
years and teak grown on a long (in relative terms) rotation of 20 years.
1

Results
Analysis of inventory of sengon and teak plantations in the Gunungwungkal subdistrict, Pati
indicated a productivity (mean annual increment or MAI) of 19-21 m3 ha–1 year–1 for 5-6-year-old
sengon and 7 m3 ha–1 year–1 for 12-year-old teak, the oldest plantations for which there were data.
The silvicultural system we developed for sengon had an initial stocking of 1667 trees ha–1, form
pruning, and two commercial thinnings. For teak the silvicultural system was designed to produce
high-quality teak sawlogs on a rotation period that while much longer than that of sengon, could
have some appeal to smallholder entrepreneurs. The silviculture included an initial stocking of
1111 trees ha–1, singling and form pruning, pruning to improve log quality, and two commercial
thinnings (at ages 6 and 12 years). Both species were fertilised with a mixture of manure and
inorganic fertiliser and we assumed that all weed control would be carried out by manual slashing
to avoid the risks associated with chemical usage.
We used our analysis of inventory of sengon and teak together with published data to estimate the
growth and volume production for the duration of the rotations, and the merchantable volumes of
timber at harvest. For sengon the total volume production of merchantable wood was 135 m3 ha–1,
equivalent to a MAI over 6 years of 23 m3 ha–1 year–1; for teak total production of merchantable
wood was 149 m3 ha–1, equivalent to a MAI over 20 years of 7 m3 ha–1 year–1. Production costs
were categorised, unit costs estimated and costs per ha calculated. We assumed that all labour
used was hired at a daily cost of Rp 50,000. The analysis did not include the cost of land. Prices for
teak logs in particular were difficult to ascertain as there are no standard stumpage prices for teak
logs grown by smallholders, nor is there a central pricing system. We used information from a
range of sources to estimate stumpage prices and hence revenues from harvesting.
The results indicated that the smallholder sengon plantation we modelled on a 6-year rotation was
a profitable enterprise with an estimated NPV of Rp 14,218,000 ha–1 at a real discount rate of 8%.
The internal rate of return (IRR) was indicated to be 20% for the investment. The comparative
results for teak modelled on a 20-year rotation were an NPV of Rp 39,408,000 ha–1 at a real
discount rate of 8%, and an IRR of 15%. Although the NPV for teak was nearly three times that for
sengon, the land expectation value (LEV) indicated that in the long term (i.e. over perpetual
rotations), the returns from sengon and teak, being enterprises with significantly different
investment periods, were closer (Rp 50,173,000 ha–1 for teak versus Rp 38,444,000 ha–1 for
sengon); however, teak remained the better investment based on the preferred measure of LEV as
opposed to IRR. These results were sensitive to the discount rate – at 4%, teak would clearly be the
most profitable investment whereas at 12%, the profitably of teak and sengon was similar, as
indicated by LEV. These results illustrate the utility of calculating land expectation value and testing
its sensitivity to discount rate when evaluating alternative forestry investments that have markedly
different rotation periods.
Sensitivity analyses revealed that achieving a positive financial return from thinning operations per
se had little impact on the overall profitability yet thinning was an important silvicultural operation
to produce logs of better quality at the final harvest. This point was illustrated when we modelled
the base silvicultural regime for teak with no thinning. Although both regimes produced a similar
amount of merchantable timber, at the final harvest the no-thin regime had about twice the
number of trees meaning that logs were smaller in diameter and therefore less valuable per cubic
metre. The result was that the NPV of the no-thin regime was half that of the thinned regime,
providing a strong financial incentive for smallholders to invest in intensive silviculture.
In the absence of market price signals for pruned and unpruned logs for sengon, we tested the
proposition that pruning would be a profitable for sengon by calculating the increase in log revenue
at the final harvest required to break even with the cost of pruning. The analysis showed that for
pruning to be profitable at a real discount rate of 8%, the average stumpage price of logs at final
harvest would need to increase by 5%. Given the small premium in log price required to break
2

even, and that a smallholder could apply their own labour to the activity, the result suggests that
investment in pruning would be a low risk decision.
Our results support the widespread view that the greatest opportunity for enhancing smallholder
returns from forestry lies in remedying poor silviculture, particularly the lack of effective pruning
and thinning, to realise the potential of timber production under management systems informed
by contemporary technical knowledge of plantation timber production.
Our research confirmed the prevalence of the long-standing issue of poor understanding by
smallholders of markets and a lack of transparency related to log prices and stumpages. From our
market research we were more confident about our price assumptions for sengon logs than teak
logs so were more conservative in our estimates for the latter. Sensitivity analysis indicated that
the break-even stumpage price for logs produced at the final harvest for sengon was equivalent to
55% of the average stumpage price we assumed; for teak it was 25%. In other words, production of
sengon or teak by smallholders remained a viable option for farmers in Pati even with considerable
downward movement in the assumed stumpage prices for logs at the final harvest. These results
indicate the scope that smallholders have to absorb higher costs of production or falls in log prices
yet still have a profitable forestry enterprise.
The cost of plantation establishment varied for sengon and teak due to differences in the
silvicultural systems, and plantation establishment costs (incurred in year 0) accounted for 60% and
44%, respectively, of total growing costs over the rotation (on a present value basis). Labour was
about 45% of the establishment costs (year 0) and we assumed labour to comprise all of the annual
maintenance costs. Returns to labour were estimated to be Rp 116,000 day–1 for sengon and Rp
173,000 day–1 for teak in sensitivity analysis. These rates exceed the minimum wage for all workers
at a district level. The results imply that labour, a primary asset of family farms, used in smallholder
forestry could generate, over the long term, earnings that would be competitive with agricultural
work and with external employment options.
Some smallholders rent land to grow sengon. In the absence of reliable estimates of commercial
rates to rent land suitable for forestry in the study area, we calculated annual equivalent returns
(AER) for sengon and teak as Rp 3,075,000 ha–1 and Rp 4,013,000 ha–1, respectively. The AER is
equivalent to the break-even annual land rental for crop production; that is, a smallholder could
rent land for forestry at these rates and make a real return on capital invested of 8% over the life of
the respective projects. These results provide an approach to guide smallholders’ decision making
when considering the options of renting or buying land for forestry.
This research has provided knowledge to inform investment in smallholder sengon and teak
production – both major pursuits in Central Java. The results from this study can be used to apprise
and train smallholders about the benefits of better silviculture to achieve the full potential of
forestry, through improved tree growth and the production of logs of better quality and hence
higher value. The framework presented here could be used to assist smallholders widen their scope
by analysing other forest species commonly cultivated by communities. Moreover, the results
provide smallholders with an approach to compare the benefits of forestry to other crops using the
same resources of land and capital. However, we caution that we found great variability of fieldlevel data within and across locations and over time, highlighting the localised nature of
smallholder forestry in Indonesia and the importance of conducting analyses within the context of
local situations.
Results from this research provide a strong analysis of how contemporary forestry practices can be
profitable for smallholders in Indonesia. Sengon and teak production presents an opportunity for
smallholders to participate in an industry with a positive outlook – demand for timber is buoyant,
there is a culture in Indonesia of smallholder forestry, and the government is placing priority on
facilitating smallholder involvement in commercial timber production. In our opinion community
plantation forestry (HTR) offers a unique opportunity to develop commercial sengon and teak
3

forests at scale on state-owned land with a low opportunity cost, underpinned by government
policy, commitment and resources. We contend that professional forestry management and
coordination should be applied to implement HTR, providing a different paradigm that could create
a necessary momentum shift that would directly enhance regional economic development as
smallholder commercial forestry became more reliable and sustainable.
A synopsis of the financial outcomes for smallholder sengon and teak plantations we modelled is
presented below.

Parameter
Discount rate (real)
Rotation period (years)
Total volume harvested (m3 ha-1)
MAI (m3 ha-1 year-1)
NPV (Rp ha-1)
LEV (Rp ha-1)
IRR
Benefit–Cost ratio
Cash outlay (PV basis) (Rp ha-1)
Cash outlay excluding labour (Rp ha-1)
Return to labour (Rp day-1)

Sengon (thinned)
8%
6
135
22.5
14,218,000
38,444,000
20%
1.7
19,482,000
8,719,000
116,000

Teak (thinned)
8%
20
149
7.4
39,408,000
50,173,000
15%
2.6
22,869,000
6,871,000
173,000

Teak (not thinned)
8%
20
136
6.8
19,872,000
25,300,000
12%
1.9
22,869,000
6,871,000
112,000
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Introduction
Most countries within the Asia-Pacific region include a strong desire to have community-based
commercial forestry, or social forestry, as a major component of the forestry sector. This is the case
in Indonesia where the government has re-committed to seeing social forestry become a major
force in of the country’s expanding forestry industries. President Widodo declared in 2014 a goal of
establishing 12.7 million ha of social forestry established across Indonesia by 2019 (an increase
from the government’s previous target of 2.5 million ha). The target represents 6.3% of the total
forest area in Indonesia (FAO 2019, MoEF 2018). However, despite the ambitious targets for social
forestry, by July 2018, only about 1.75 million ha had been allocated under this programme,
benefiting 395 000 households (FAO 2019) and returns for smallholders have been variable
(Muktasam et al. 2019). Yet with Indonesia’s growing population (currently 264 million) and
expanding economy (GDP growing at 5.0% p.a.)1, there continues to be strong demand for timber
resources. Across the Asia and Pacific region demand is rising faster than the growth in industrial
roundwood production, increasing the dependence on imports (FAO 2019).
In Indonesia, social forestry includes a suite of approaches used by smallholders to develop
commercial forestry, including agroforestry, small-scale plantations, fruit trees in home gardens,
mixed forestry on long-term leasehold land from the state, and managed natural forests. It is
common for smallholders to have forestry integrated into their portfolio of farm enterprises, with
research consistently reporting social forestry contributes 20-30% of household income (Angelsen
et al. 2014; Irawanti et al. 2014, Race et al. 2019). However, for most smallholders, any motivation
to plant trees competes with their interest in planting short term food crops to provide the
necessary cash flow to support a farming family’s daily needs (Race and Wettenhall 2016).
Moreover, a poor grasp of market dynamics often sees smallholders sell their trees when in need
(‘slash for cash’), rather than at the optimum time for financial returns (Perdana and Roshetko
2015, Race and Wettenhall 2016). The complex and time-consuming regulatory environment that
governs commercial forestry also burdens smallholders to the extent that they usually sell their
trees to local brokers who are willing to negotiate the arrangements to sell wood to markets,
rather than selling directly to processors which would normally provide higher returns for growers.
Despite the enormous potential for social forestry to address several critical issues (i.e. tropical
deforestation, rural poverty, surging industry demand for timber), much of the potential remains
unrealised due to a range of constraints (van der Fliert 2013, Gilmour 2016).
Production constraints identified in Indonesia include a lack of knowledge about establishing and
managing plantations and the harvesting of timber products. Farmers who have planted such
mainstream commercial timber species as teak (Tectona grandis) and sengon (Paraserianthes
falcataria) undertake very little silviculture, such as pruning and thinning, lack an understanding of
silvicultural options to improve timber quality, and fail to realise the full commercial potential of
the trees they plant or appreciate the market specifications that impact on log quality and value
(Irawanti et al. 2014, Muktasam et al. 2019, Rohadi et al. 2012, Szulecka et al. 2016).
On a broader front, Nambiar (2019) found in a wide-ranging review that there were no coherent
analyses of the biophysical and investment variables that were determining forest productivity
under the conditions prevailing in smallholder farms. This meant that economic analysis of various
silvicultural options based on projections, assumptions or scanty data were of questionable value.
A related issue was that there appeared to be no information in the public domain on the range of
productivity measured by reliable inventory of stands in smallholder forestry in specific ecosystems
in Asia.
There is a need for financial models to inform smallholder growers of the economics of forestry for
a range of reasons. As smallholders in Indonesia are now mostly operating in a cash economy
1

https://tradingeconomics.com/indonesia/gdp, viewed 28 January 2020.
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(compared to traditional, local subsistence-based, markets), their decisions about land-use need to
consider the commercial value of different crops (Wibowo et al. 2013). The Indonesian
Government’s social forestry program aims, amongst other things, to provide economic security to
communities (MoEF 2018) yet data is lacking to understand the extent to which this is being
fulfilled. Smallholders generally practise anything other than the most basic silviculture because of
a lack of knowledge on different timber grades and prices and how these are linked with the
silvicultural management of their trees (van Noordwijk et al. 2007, Race and Wettenhall 2016).
Financial models can demonstrate the net benefit to growers of investing in silviculture to grow a
higher-value product for specific markets. Nambiar (2019) argued that the increasing demand for
wood products in Asia provides opportunities for smallholders yet these opportunities will only be
realised if their entrepreneurial capacity with small-scale forestry enterprises is strengthened.
Numerous studies have reported the proportion of household income from forestry activities for
smallholders in Central Java (e.g. Ichwandi et al. 2007, Race et al. 2019, Rohadi et al. 2012, van de
Fliert 2013) and elsewhere in Java (e.g. Rahman et al. 2016). A number of studies in Indonesia
reported the results of financial analyses of smallholder forestry and agroforestry (Ginoga et al.
2004, Herawati 2013, Khasanah et al. 2015, Midgley et al. 2007a, Rohadi 2011, Siregar et al. 2007).
These studies indicated that smallholder tree growing in pure plantations or in agroforestry
systems was profitable. However, none of the studies provided sufficient detail to be able to
replicate the financial model and benchmark the results in relation to key variables (e.g. unit costs
of production, timber yields by product and log size class, prices for different log grades, discount
rate). Another gap in knowledge is the lack of empirical data on the real performance of the
existing smallholder plantations in Indonesia and the factors affecting the performance and the
silvicultural management activity of the farmers (Kallio et al. 2012). Our review of the literature
confirmed that this knowledge gap remains. We also found it difficult to discover prices per unit
volume paid to smallholder growers for sengon and teak logs (i.e. stumpage)2.
The research reported in this paper aimed to present financial models developed using robust data
to assist smallholders in the Pati district in the Central Java province to evaluate the profitability of
timber production, with trees managed as a single crop. While the models are populated with a
scenario to illustrate the main factors impacting on the profitability, the main output of the
research is a framework and templates that could be used to carry out a financial analysis of
smallholder forestry in the Pati district or elsewhere using data for a specific case.

Purpose and scope of the research
Financial models
The purpose of the research was to develop financial models to inform smallholder tree growers
(hereafter referred as smallholders) of the relative economic benefits of growing sengon and teak
in the Pati district in the Central Java province.
Drawing on literature, results from semi-structured interviews, case studies, and expert panels, we
developed two financial models:
 Smallholder sengon growing, short rotation of 6 years; and
 Smallholder teak growing, long (in relative terms) rotation of 20 years.

Smallholder timber growers
Nawir (2013, p. 202) provided a useful construct for tree growing by smallholders in Indonesia,
articulated as: ‘… the management of tree plantations as common or individual property, or a
2

The value of timber in the plantation commonly expressed as the price per cubic metre paid by the buyer to the
forest grower for trees as they ‘stand on the stump’.

6

combination of both, sometimes through a collective body, and developed with monoculture or
inter-cropping technique with multiple objectives including sharing the economic benefits’.
Smallholders are small scale farmers whose traditional farming practices have always included
some management of trees or forest for multiple purposes (Race and Wettenhall 2016), typically
by planting timber species on plots ranging from less than one to two ha (Erbaugh et al. 2017).
A related construct is that of ‘social forestry’ applied by the Indonesian Government (MoEF 2018),
which refers to sustainable forest management systems implemented within the legally designated
Forest Area (Kawasan Hutan) or titled forest/Adat forest lands by members of local communities or
Adat community groups.3 The goal of 12.7 million ha of social forestry established across Indonesia
by 2019 is designated only for the Forest Area as community forests (Hutan Kemasyarakatan,
HKm), village forests (Hutan Desa, HD), community plantation forests (Hutan Tanaman Rakyat,
HTR), Adat forests (Hutan Adat), and forestry partnerships (Kemitraan Kehutanan) (MoEF 2018).
Yet there are also significant areas of smallholder agroforestry and commercial plantations outside
the registered Forest Area – at least 1.5 million ha in Java alone situated on community private
lands – known as peoples’ forest or Hutan Rakyat (HR) (Royo and Wells 2012)4 or as farmers’
privately-owned forests (Fujiwara et al. 2011)5.
The focus of this research is on smallholder forestry enterprises on land privately owned (Hutan
Rakyat, HR) and state-owned land leased to smallholders or community plantation forests (Hutan
Tanaman Rakyat, HTR), that account for the majority of community-based commercial forestry
across Indonesia. These smallholders are significant timber producers in the Indonesian forestry
sector. In Central Java, smallholder production from private lands generates more timber than
plantation forests managed by the state-owned forestry enterprise, Perum Perhutani (Erbaugh et
al. 2017).

Species modelled
The two commercial tree species modelled in this study were sengon and teak. In Indonesia sengon
is regarded as a fast-growing plantation species and teak a slow-growing plantation species
(Krisnawati et al. 2012). The increasing domestic and export demand for value-added products has
been the major factor in motivating households to become involved in smallholder forestry,
especially in Java, by planting teak and sengon (Nawir 2013). Teak is the most important timber
species in Indonesia with most teak grown in Java and sold to domestic markets primarily for the
purpose of furniture manufacture (van Nimwegen et al. 2009), though the timber has many other
uses including construction in housing and shipbuilding, and is in demand in international markets
having a high reputation for its wood quality (Fujiwara et al. 2018). The two major teak wood
sources are industrial plantations mostly located in Java and currently managed by Perum
Perhutani; and smallholder plantations which are widely distributed across Indonesia but
concentrated in Java. With a declining supply of teak from industrial plantations, the share of the
teak supply from smallholders, who have a centuries-old culture of tree growing, is increasing in
Java (Nambiar 2019, Rohadi et al. 2012). Currently there are about 1.5 million ha of smallholder
3

The Forest Area covers 63% of Indonesia’s terrestrial area and has been directed by the government to be
maintained as a permanent forest. An Adat Community is a group of people settled in a certain geographical area,
with demonstrable ancestral ties to that area (MoEF 2018).
4
The presumption rests on private title as the principal determinant for exclusion of Hutan Rakyat from the Forest
Estate. Hutan rakyat is, however, a problematic land category. Without better cadastral information, the dividing
line between state, customary and private individual rights is inevitably blurred (Royo and Wells 2012).
5
The Ministry of Environment and Forestry defines privately owned forests as forests owned by people that have a
minimum area of 0.25 ha, with more than 50% in crown closure of woody plants or other plants, or a minimum of
–1
500 stems ha at the first planting year (Forestry Minister Decision No. 49 in 1997). Earlier studies describe
privately owned forests as forest resources consisting of home gardens (pekarangan), dryland (tegalan), and
woodlots (alas or kitren) (Fujiwara et al. 2018).
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teak forests in Java (Nambiar 2019). Nevertheless, the extent of smallholder teak plantations in
Indonesia is poorly documented and appears to be far below the potential land area that would be
suitable for developing these plantations (Rohadi et al. 2012).
Sengon produces knot-free timber of excellent form and can be managed on rotations of 5-7 years
on good quality sites. It is highly suitable for veneer and plywood production, whose value can be
enhanced with a decorative surface veneer of tropical native timber for the international market
(Nambiar 2019). Sengon wood is unsuitable for pulp as it has low wood density resulting in low
pulp yield. Sengon has been planted in Central Java by generations of smallholders for construction
purposes and for households' own use (Szulecka et al. 2016). Currently there are about 350,000 ha
of smallholder sengon forests in Java (Nambiar 2019).
Both of these species have the attributes that are important in the choice of tree species for
sawnwood and plywood timber industries: moderate to fast growth with the ability to grow to a
large size with a straight stem; ease of pruning; strength and dimensional stability; and knot-free,
uniform timber (Evans and Turnbull 2004).

Agroforestry
In Indonesia, Hutan Rakyat is commonly established in the form of agroforestry and was initially
promoted under a government-assisted reforestation program in the early 1970s (Nawir 2013).
Both sengon and teak are grown in agroforestry systems in Central Java (Suryanto and Putra 2012,
Szulecka et al. 2016). In the Pati district6, teak has been intercropped with cassava (Manihot
esculenta), peanut (Arachis hypogaea) and maize (Zea mays) (Banowati and Nugraha 2018). In the
Gunungkidul district teak has been intercropped with similar crops and others including bananas
(Musa spp.) (Perdana et al. 2012) and with rice (Oryza sativa) in Java (Luukkanen and Appiah 2013).
This intercropping system is known as taungya in which teak is planted with annual crops during
the first two years (e.g. maize), and sometimes with perennial crops (e.g. banana) which can be
cultivated effectively with teak for a further 3-5 years (Dieters et al. 2017), or tegalan, an upland
system away from the homestead where tree and annual crops maybe either integrated or
segregated (Rohadi et al. 2012). Sengon is a fast-growing species with a light crown and so annual
crops are grown under wide-spaced tree rows (Nambiar 2019). A wide range of annual crops are
grown in association with sengon – snake fruit (Salacca zalacca) (Szulecka et al. 2016), maize,
cassava and coffee (Lastiantoro 2013).
Agroforestry systems can provide many social, economic and environmental benefits. Shade trees
play an important role within agroforestry systems by influencing radiation and wind regimes as
well as nutrient and hydrological cycling (Tiralla et al. 2013). In community plantation forests
agroforestry systems are one means of providing early income from the agricultural crop
component to support smallholders over the long waiting period before receiving income from the
trees (Kallio et al. 2011). In the Gunungsari village in the Pati district, smallholders have been
growing coffee sheltered by sengon, and this cash crop has become a main contributor to
household income (Lastiantoro 2013, Race et al. 2019). For this research, we have focussed on
growing sengon and teak as single species but expect that the models we develop could be used to
inform the development of financial models for agroforestry systems in which sengon or teak are
cultivated with other crops.

6

In Indonesia the administrative structure in rural areas is: province (provinsi) (e.g. Central Java) / district or
regency (kabupaten) (e.g. Pati) / subdistrict or district (kecamatan) (e.g. Tlogowungu) / village (desa) (e.g.
Gunungsari) (https://data.humdata.org/dataset/indonesia-administrative-boundary-polygons-lines-and-placeslevels-0-4b, viewed 28 January 2020).
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Study area
The study was focussed in the district of Pati in the Central Java province in Indonesia (Annex 1).
The district was one of three – the others being the districts of Bulukumba (South Sulawesi
province) and Gunungkidul (Special Region of Yogyakarta, equivalent to a province) – where the
authors and research colleagues have established strong long-term relationships with the local
communities. Across the three aforementioned provinces, the Ministry of Environment and
Forestry seeks to have community-based commercial forestry more widely established and a target
was set for the establishment of nearly 400,000 ha of social forestry by 2019, yet just 15% of the
target in the three provinces had been achieved by September 2018 (Race et al. 2019).
A household survey – referred to as the Economic and Social Dimensions (ESD) survey – was
conducted to explore the contribution of smallholder forestry to rural livelihoods in the districts of
Pati, Bulukumba and Gunungkidul. In the Pati district the ESD survey collected data from a diverse
sample of families in three villages – the villages of Giling (Gunungwungkal district)7, Gunungsari
(Tlogowungu district) and Payak (Cluwak district), with data collected from mainly the same
households in 2013 and 2017 (85% of sampled households re-surveyed). Forestry made a
prominent contribution to household income in all villages. In 2017, survey data found an equal
contribution to household income from farm-based and other activities across all household wealth
categories in Giling village, with forestry contributing 45% to the farm-based income. In the village
of Payak forestry income was 60% of total household income, up from 29% of total household
income in 2013. Harvesting of sengon was reported to be the main contribution to the increased
income from community forestry during this period. In the village of Gunungsari, the contribution
of forestry to total income in 2013 compared to 2017 increased from 37% to 46%. The ESD survey
found that in the village of Payak the sengon plantation industry was mature and household
incomes from forestry were relatively stable in contrast to the villages of Giling and Gunungsari,
where sengon was a rapidly expanding commercial option providing a sizable increase in household
income for those families with trees being harvested (usually after 5-6 years from planting) (Race et
al. 2019).
The network of farmers in Pati included business networks for trading forestry products. Survey
respondents (N = 30) identified a wide range of people who they contacted for market-related
activities or with whom they traded sengon logs, suggesting a vibrant commercial market existed
for sengon in Pati (Race et al. 2019).
In the Pati district teak is also an important species in smallholder timber plantations (Rohadi et al.
2015). Teak and sengon are two of the main species planted in the social forestry programs
conducted by Trees4Trees™ (a prominent NGO that facilitates smallholder forestry) that has been
planting trees in Central Java communities since 2007, with its activities concentrated in the Pati
and Kebumen districts in Central Java.
Whilst the geographic focus of the research was the Pati district where smallholder forestry was an
important land use, we expect that the results would have utility for the Central Java province and
possibly to wider areas in rural Indonesia.

Methods
Overview of methods
We used multiple methods to assemble data for the models. Firstly, we reviewed the literature
related to smallholder teak and sengon growing and agroforestry in Indonesia and elsewhere.
Secondly, we conducted semi-structured interviews with smallholder growers of sengon and other
7

In the Indonesian administrative structure, there exists a Gunungwunkal district and a Gunungwunkal subdistrict.
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value chain actors in the Pati district. Thirdly, we collected case study data from smallholder
sengon and teak plantations in the Gunungwungkal subdistrict in Pati, including plantation
inventory and timber volumes and revenues from a harvesting operation. Fourthly, we set up
panels of experts to collate and confirm contemporary field experience on the silvicultural systems
and costs for the production of sengon and teak timber by smallholders.
The main methodological framework used to build the models was a financial analysis of direct
cash flow impacts of a project (investment in timber production) to an individual or business,
following the procedure provided by Herbohn (2002). By applying a discounted cash-flow analysis,
the financial parameters calculated as indicators of profitability included net present value (NPV)
and internal rate of return (IRR). An investment with a positive NPV provides a profitable
management option. IRR represents the maximum interest rate that a project could afford to pay
on its funds and still recover all its investment and operating costs or, expressed another way, is
the discount rate for which the NPV is zero. As stand-alone investments, all alternatives with an IRR
greater than some target rate of return are feasible. All estimates were expressed on a per ha
basis.

Semi-structured interviews
Smallholder growers of sengon and other value chain actors were interviewed in the Pati district.
To identify value chain actors, we used informal networks among actors. The semi-structured
interviews were conducted from May to August 2018 by field staff of Trees4Trees™. Ten
smallholder growers of sengon were interviewed: three in the village of Gunungwungkal
(subdistrict of Gunungwungkal); three in the village of Gulangpongge (subdistrict of
Gunungwungkal); and four in the village of Gunungsari (subdistrict of Tlogowungu). The leader of
each village was also interviewed. Other actors interviewed were a log buyer, and a harvest and
transport operator, who were dealing in smallholder logs from the subdistrict of Gunungwungkal.
Three processors of smallholder logs were interviewed: CV. Kembang Sengon in Pati; Eurasia
Woodwork in Semarang (processor of teak); and PT. ABP in Semarang (processor of sengon).

Case studies
Trees4Trees™ established a series of permanent sample plots (each 0.08 ha) in smallholder
plantations of sengon, teak and mixed species across a range of age classes in the Gunungwungkal
and Tlogowungu subdistricts in the Pati district. In September 2015 they conducted inventory by
measuring diameters at 1.3 m above ground and heights of all trees on each plot. We analysed the
data for the plots in sengon plantations that were 5-6 years of age, and teak plantations that were
12 years of age (the oldest age class measured). For sengon we used the measurements of
diameter to estimate individual tree volume using the volume table for that species provided by
Rohadi et al. (2018). We estimated total volume per plot and calculated mean annual increment of
the plantations. For teak we used the measurements of diameter and height and a form factor of
0.432 (Pachas et al. 2019a) to estimate individual tree volumes.
Trees4Trees™ also collaborated with a landowner to demonstrate silvicultural practices (pruning,
thinning) for sengon in a smallholder agroforest established in 2014 in the Sumberrejo village
located in the Gunungwungkal subdistrict. When the sengon trees were harvested in September
2019 at age 5.6 years Trees4Trees™ collated data for the operation including log volumes, grades
and prices. We analysed the data to calculate the productivity of the sengon, and the distribution
of log grades produced under the agroforestry system.

Expert panels
An expert panel met at Semarang on 26 July 2018, to provide advice on a silvicultural regime for
sengon applicable to smallholder growers. The panel comprised: Dr Hugh Stewart (Convenor),
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University of the Sunshine Coast; Devi Silvia, Trees4Trees™; Achmad Darisman, Trees4Trees™; Dr
Dede Rohadi, Centre for International Forestry Research; Dr Tuti Herawati, Centre for International
Forestry Research; and Dr Dwiko Permadi, University of Gadjah Mada. The panel members brought
research, technical and practical experience related to sengon growing by smallholders in
Indonesia.
Another expert panel met at Semarang on 2-3 September 2019, to provide advice on field practices
(e.g. pruning), material costs and labour for the establishment and management of sengon and
teak plantations, and harvest and transport costs. The panel comprised: Dr Hugh Stewart
(Convenor), University of the Sunshine Coast; Devi Silvia, Trees4Trees™; Achmad Darisman,
Trees4Trees™; D. Mark Schmidt, Trees4Trees™; Dani, Trees4Trees™; and Novita Arianti,
Trees4Trees™. The panel members brought both research and practical experience related to
sengon and teak cultivation by smallholders in the Pati district.
Expert advice on the silviculture of teak grown by smallholders was also provided by Dr Dede
Rohadi, Centre for International Forestry Research; and by Dr Eko Bhakti Hardiyanto, Faculty of
Forestry, University of Gadjah Mada. Both have studied and published on the subject over the last
two decades.

Model for assessing the profitability of smallholder sengon
Silvicultural system
We developed a silvicultural system for sengon grown by smallholders in the Gunungwungkul
subdistrict using the following sources of information: 1) expert panel; 2) responses from semistructured interviews with smallholder growers of sengon in Pati; 3) inventory and market
information collected during the sengon case study; and 4) growth and yield, and silvicultural
information in the literature (e.g. Krisnawati et al. 2011, Rohadi et al. 2018).
The main features of the silvicultural system were a medium-density initial stocking, form pruning
or ‘singling’, two commercial thinnings and a rotation age of 6 years. Seedling trees were planted at
a spacing of 2 m x 3 m, providing an initial stocking of 1667 trees ha–1. Smallholders who grow
sengon commonly use a mixture of manure and inorganic fertilisers (e.g. as observed in the case
study). Each seedling was fertilised at planting with 5 kg of manure and 100 g of NPK fertiliser [14:
14: 14] (Krisnawati et al. 2011). Regarding initial stocking and rotation length, in East Java, Perum
Perhutani manage most sengon industrial plantations on an 8-year rotation with a 2 m x 3 m initial
spacing (Kurinobu et al. 2007a).
We assumed that after six months 85% of trees had survived and had the potential to produce
merchantable logs at rotation age. Sengon has a tendency to fork, so form pruning at an early age
is recommended to produce single boles (Krisnawati et al. 2011). We scheduled form pruning at six
months after planting.
The growth pattern of the sengon plantation was determined in several steps. We used the scatter
plot of diameter increment (cm year–1) against age presented by Krisnawati et al. (2011, Fig. 12) for
sengon smallholder plantations in the Ciamis district in West Java, to infer average tree diameter in
the modelled stand at the ages of thinning (2 years and 3 years) and final harvesting (6 years). We
referred to the results of the inventory of the smallholder sengon plantations at ages 5-6 years in
the case study to provide a reference point for tree diameter at age 6 years. To complete the
description of the growth of the plantation, total tree height was estimated using the heightdiameter relationship developed by Krisnawati et al. (2011), and for comparison by the relationship
developed by Purwanto and Azim (2010) using data for sengon for smallholder plantations in the
Magelang district in Central Java. We estimated height across a range of diameters using both
relationships and found the results were similar; we used the former because it was based on a
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larger sample size (1467 versus 400 trees) and was from a population of known age (1-12 years).
The relationship is provided at Annex 2.
During our research we were unable to locate any contemporary yield tables for sengon8 – that is,
projections of the amount of merchantable wood available per unit area from a stand of trees at a
given age for a given site quality, together with estimates of the amounts of logs available in
different log size classes. Our approach was to estimate the standing volumes and volumes
harvested at the first and second thinnings and at rotation age by calculating at each time the
volume of the tree of average diameter and multiplying it by the number of trees harvested or
retained. We considered two options – to use the individual tree volume table for sengon (Rohadi
et al. 2018), or to use stem volume equations that estimate the volumes of individual trees from
the input variable of diameter. Some equations for sengon were provided in Krisnawati et al.
(2011). We compared the output of one of those equations (log V = – 3.590 + 2.3528*log D, where
V (m3) is underbark stem volume to a 5 cm upper diameter and D (cm) is tree diameter measured
1.3 m above ground) against the output of the volume table provided by Rohadi et al. (2018, Table
6 – see Annex 2). For tree diameters of 10 cm to 30 cm in 5 cm intervals, we found that the
equation estimated 33-35% more volume than the volume table. We chose to use the volume table
for two reasons. First, it was developed specifically for smallholder sengon production in the
Gunungwungkal subdistrict whereas the equation was developed from sample trees in West Java;
and second, we were of the opinion that the volume table was likely to be a better predictor of
merchantable tree volume than the equation. At age 2 years we estimated that average tree
diameter was 8 cm. The minimum tree diameter in the volume table is 10 cm, so we inferred
volume of a tree of 8 cm diameter as 0.023 m3.9
To estimate the log volumes by size class at the final harvest – when most of the revenue is
generated – we prepared estimates of the amounts of logs available in different log size classes,
drawing on the results of the sengon case study. All harvest volumes were rounded to the nearest
whole number. We assumed that the modelled stand would have a diameter distribution closer to
a normal distribution than the stand assessed in the case study.

Estimating cash outflows
Production costs were estimated drawing on information from the expert panels, interviews with
smallholders, and from literature. The cash outflow activities were categorised, unit costs were
estimated and costs per ha were calculated. We assumed that the land was previously fallow. The
analysis did not include the cost of land (either its capital cost or rental value).
We assumed that all labour used was hired labour. The daily cost of hired labour was estimated to
be Rp 50,000, drawing on the results of the interviews with smallholder growers of sengon (the
average daily labour hire rate was reported as Rp 47,860 in 2018) and taking into account inflation
since then. We benchmarked this estimate against the average monthly wage of casual employees
in agriculture of Rp.0.8 million in 2015 (Allen 2016), which we estimated was equivalent to a daily
rate of Rp 36,40010.
The activities to establish the plantation were land preparation (clearing grass, etc), layout of
planting lines, digging holes, planting and fertilising, manual weed control (twice), and form
pruning to produce a single bole. We assumed sengon seedlings were purchased from a
commercial nursery in Pati and transported 40 km to the planting site. Each planting hole was dug
to be 40 cm x 40 cm square x 40 cm deep. Manure and fertiliser were applied to the planting hole

8

Krisnawati et al. (2011, Fig. 14) presented volume increment against age by site quality for sengon plantations
redrawn from preliminary yield tables prepared by another researcher in 1961.
9
3
Volume calculated as: V (m ) =
, where D = diameter (cm), H = height (m, calculated from
Krisnawati et al. (2011)) and FF = form factor of 0.4.
10
Monthly rate converted to a daily rate by dividing by 22.
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about two weeks before planting. All activities conducted in the first year were entered as year 0
for the analysis.
Weed control continued in the second and third year (i.e. years 1 and 2 in the analysis). By the end
of the third year, we assumed the canopy had closed and therefore there was no need to control
weeds. Weeds are commonly used for animal fodder, but we assumed no direct cash income from
such use of this material.
When the trees were 2 years old, we factored in surveillance and manual methods for control of
pests and diseases. These include stem borer (Xystrocera festiva), small bagworm (Pteroma
plagiophelps) and yellow butterfly (Eurema spp.). A common control method for small bagworm is
to remove infested trees to prevent the spread of the population, and for yellow butterfly control
can be achieved by hand picking and destroying the larvae (Krisnawati et al. 2011). A disease
reported to affect sengon is gall rust (Uromycladium tepperianum), which can result in dieback of
trees. Pruning and burning of infected parts is recommended (Krisnawati et al. 2011). To account
for loss of trees due to pests and diseases and other factors (e.g. wind damage), we assumed a
mortality of 10% of trees between ages 3-6 years.

Estimating cash inflows
For the financial model the cash inflows are generated from the harvest of the trees. The revenue
the smallholder received from harvesting (stumpage) was calculated from our assumptions for log
prices, our assumptions for the costs of harvesting, transport and marketing of logs, and estimates
of log volumes for each harvesting operation. We assumed that thinning was applied evenly across
the stand of trees rather than only removing trees of low growth performance.
Log prices for all operations were estimated from information collected during interviews with log
processors, and data from the sengon case study. The use of pricing based on log diameter is the
practice used in the field by market intermediaries (middlemen).
We assumed that the sengon logs were used to make wood panels (barecore, blockboard and
plywood). Barecore is a panel usually made by gluing pieces of sawnwood and when covered with a
face and back veneer of sengon or another species the product ‘blockboard’ is created. Plywood is
a sheet material made by gluing thin layers of wood sliced or peeled from logs. It can be made
purely from sengon, or with a sengon core covered with a face and back veneer of another species.
A key assumption was that smallholders would sell standing trees to middlemen, as was the intent
of most smallholder growers we interviewed in Pati. We assumed that the middlemen would
deduct approximately Rp 240,000 m–3 from factory-gate prices to cover the costs of contracted
harvesting (approximately 30% of total cost), contracted loading and transport of logs from the
smallholder plantation to market (approximately 50% of total cost) and a margin for management
and profit (approximately 20% of total cost). We assumed the market to be located in
Temanggung, 150 km south west of Pati. The transport cost would be lower for a closer market,
given that the cost has a fixed component and a variable component depending on the distance
travelled. We formulated the middlemen’s costs from data collected during the case study, an
interview in 2019 with a harvest and transport contractor operating in Pati, and independent data
collected by Trees4Trees™ in the Gunungwungkal subdistrict in 2019 on the costs for harvesting
and transporting sengon logs to markets located in Temanggung.

Development of the financial model
For simplicity, no tax (e.g. deductions related to cash outflows, income tax) was factored into the
analysis. Financial analysis was conducted with the year 2020 as the base year using the computer
spreadsheet package Excel and its inbuilt functions for calculating such parameters as NPV and IRR.
The NPV calculation is for cashflows at the end of each period equally spaced in time (e.g. year),
that is, future cashflows; if the first cash flow (i.e. initial expenditure) occurs at the beginning of the
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first period, the first value must be added to the NPV result, not included in the value 'arguments'
of the function (Herbohn and Harrison 2002). We followed this method.
The discount rate is the cost of financial capital required for the investment. At a known discount
rate, NPV and land expectation value (equivalent to the NPV over perpetuity) are the theoretically
best criteria for ranking alternative forestry investments. Given the difficulty in identifying an
appropriate discount rate, many analysts use the IRR as a ranking criterion if discount rates are
variable or not specifically set by corporate or government policy (Cubbage et al. 2007).
Costs and benefits measured in real terms (that is, they don’t contain the effects of any expected
inflation) should be discounted with a real discount rate. If costs and benefits are measured in
nominal (or current) dollars, they should be discounted with a nominal discount rate. Both
approaches should result in the same NPV (Harrison 2010).
A range of discount rates have been used in analyses of forestry and agroforestry investments.
They include 8% as a common rate used by forestry companies (Cubbage et al. 2007); 5% real for
farm forestry in Australia (Stewart et al. 2011); 10% nominal (‘nominal’ being a discount rate that
incorporates the expected inflation rate) for analysing investments by smallholders in balsa
plantations in Papua New Guinea (Midgley et al. 2010); 12% nominal for smallholder teak
plantations in Sulawesi (Midgley et al. 2007a); 17.5% nominal for community forest plantations of
sengon in East Java based on the nominal investment rate for 2002 as reported by the Bank of
Indonesia (Siregar et al. 2007); and 10% for analysing the economics of agroforestry systems in
Indonesia, selected to match the banking system of the research sites (Herawati 2013, Rahman et
al. 2019).
Drawing on these studies we chose a real discount rate of 8%. Using this approach, we expressed
all variables in terms of the price level for a given year, normally taken as the present year
(Harrison 2010). Thus, constant prices estimated for year 2020 were used for all inputs and
outputs.
We noted that market interest rates – the prevailing rates of interest offered on cash deposits, and
usually the nominal rates (Harrison 2010) – in Indonesia are about 5%11 and the inflation rate in
Indonesia the past 2 years has been about 3%12. We also noted the view of Cubbage et al. (2007)
that long-term real rates of return are probably only 4% to 8% for most forestry investments,
despite higher corporate hurdle rates.

Sensitivity analysis
Appropriate adjustments for such factors as taxes and risk cannot be precisely estimated, which is
one reason why sensitivity testing is important (Harrison 2010). For this reason, Harrison suggested
a base real discount rate of 8%, and testing over a range of 3% to 10%.
The tree growing investments studied differed greatly in their rotation length (sengon 6 years; teak
20 years). To provide a truer comparison of the economic benefits of each investment we
estimated the land expectation value (LEV) – the NPV for an infinite sequence of identical rotations
– which is useful to compare forestry investments of unequal duration (Herbohn 2002). In this
analysis the NPV is treated as a constant periodic income that is received each rotation. LEV in
effect calculates the value of bare land under permanent timber production. The LEV will be much
higher than the NPV for short rotations, but for long rotations the LEV will differ little from the NPV
(Herbohn 2002). We also tested the sensitivity of this result to discount rates of 4% and 12%.
Across this range of discount rates, we calculated the benefit–cost ratio as the quotient of the
present value of revenue and the present value of costs. The result should be greater than one in
order for a project to be considered acceptable.
11
12

https://indonesia.financialadvisory.com/time-deposits.html.
https://www.bi.go.id/en/moneter/inflasi/data/Default.aspx.
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We also calculated annual equivalent return (AER) as the annualised NPV over perpetuity (Polglase
et al. 2008). This provides a metric to allow comparisons of the returns from longer term forestry
investments with investments that generate annual incomes, such as annual crops or other
agricultural enterprises (Cubbage et al. 2007, Polglase et al. 2008). Expressed another way, the AER
is an annuity where the net present value is distributed equally across perpetuity. Equations are
provided at Annex 3.
We also used the AER as an indicator of the break-even annual land rental, or the maximum annual
rent that could be paid, for growing sengon on a 6-year rotation. During our research we
attempted to collect data on the value of, and the cost to rent, agricultural land owned by
smallholders, but we found it difficult to obtain reliable estimates. Krishna et al. (2017) observed
that land markets in Indonesia are largely informal, with land transactions often lacking proper
documentation and registration, making it difficult to generate data on land sales. Most land
market transactions involve signing a civil agreement of ownership transfer with village officials as
key witnesses; this can occur with or without formal land titles.
During the research we were able to collect data on the costs of pruning to improve log quality yet
were unable to discover price differentials for pruned and unpruned logs. We hypothesised that
pruning is a profitable investment on the basis that it produces knot-free timber for specific enduses, which should command a higher market value compared to unpruned logs. We therefore
undertook an analysis to calculate the increase in log revenue at the final harvest that would be
required to break even with the cost of pruning.
We also calculated the return to labour – the labour cost at which the NPV is zero – which is a
useful metric for family farms where labour is the primary asset, and where there are alternative
external employment options (Khasanah et al. 2015).

Model for assessing the profitability of smallholder teak
Silvicultural system
Similarly, to sengon, we developed a silvicultural system for teak grown by smallholders in the
Gunungwungkul subdistrict using the following sources of information: expert panel; inventory
information collected during the teak case study; and growth and yield, and silvicultural
information in the literature. A key document was a manual for the growing of smallholder teak,
either as a monoculture or in agroforestry systems, with management techniques that were
simple, cost-effective, and readily applied by farmers (Dieters et al. 2017). This manual updated a
field guide for managing smallholder teak plantations (Pramono et al. 2011).
Global information of silviculture and management of teak was reviewed by Midgley et al. (2007b)
and updated by Pachas et al. (2019b), and Dieters et al (2017) provided silvicultural
recommendations for smallholder teak plantations. Key findings from these papers, which
informed the silvicultural system we developed for smallholder teak plantations, included:
 While teak is adapted to a wide range of environmental conditions, it requires intensive
silvicultural management to maximise its yield potential and quality of merchantable
logs.
 Stocking rates traditionally were in the range of 1000–2000 stems ha–1 but current
planting configurations for the production of sawlogs typically range from 3 × 3 m (1111
trees ha−1) to 3.5 × 3.5 m (816 trees ha−1).
 The use of seedlings or stumps raised from selected trees (i.e. genetically improved
germplasm) produces trees that grow more quickly with straighter stems and other
desirable attributes.
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 To maximise the growth of teak, weed control is required through the first and second
years after planting. Manual slashing is the common practice for controlling weeds in
teak.
 Silvicultural thinning to manage inter-tree competition is recognised as a key component
of intensive teak management to produce high-quality timber. Thinning is arguably more
important in teak than many other forest tree species, as teak is highly intolerant of
competition from neighbouring trees – crowns of teak trees become abraded where they
overlap, and overtopped trees become suppressed. When this occurs, the tree ceases to
grow, and the stem form progressively deteriorates as the suppressed tree attempts to
‘move’ away from its larger neighbours.
 Teak can develop multiple and/or forked stems and large branches. Multiple stems can
compromise the straightness and value of the bottom log. Reducing each tree to a single
dominant stem (singling) and form pruning (removal of large branches that may lead to a
forked stem) are recommended silvicultural practices for teak.
 Natural (self) pruning occurs in teak plantations, but there is a risk of occlusion of dead
branches, leading to dead or loose knots and/or decay, which will significantly reduce
timber values. Consequently, pruning of young trees produces clean, knot-free timber
and long, clear boles, and timber of higher value when harvested.
 The rotation length for teak plantations is 50-90 years within its natural range but
economic pressures favour shorter rotations, and their duration for teak has steadily
declined to less than 20 years in many areas.
 Insect damage is a serious problem in teak plantations, the most common insects being
defoliators and stem borers. Defoliation reduces growth rates and apical dominance
while stem borers can cause tree dieback and stem breakage. Controlling pests and
diseases will ensure healthy trees with few defects in the wood.
As for productivity, Midgley et al. (2007b) found that the average growth for teak in Asia varied
from 5-16 m–3 ha–1 year–1 depending on site and management. Ball et al. (1999) recorded
maximum growth rates of 12–21 m–3 ha–1 year–1 on best sites in Asia. Enters (2000) suggested that
intensive silviculture could lift general productivity of teak to 8-12 m–3 ha–1 year–1 on a rotation of
20 years in southeast Asia.
We developed a silvicultural system aimed at producing high-quality teak sawlogs on a rotation
period that while much longer than that of sengon, could have some appeal to smallholder
entrepreneurs. The silviculture included singling and form pruning, pruning to improve log quality,
two commercial thinnings (at ages 6 and 12 years) and a rotation period of 20 years. Seedling trees
were planted at a spacing of 3 m x 3 m, providing an initial stocking of 1111 trees ha–1 as
recommended by Dieters et al (2017) based on contemporary spacing trials. Each seedling was
fertilised at planting with 10 kg of manure and 100 g of NPK fertiliser [14: 14: 14] informed by the
fertiliser options provided by Pramono et al. (2011) and Dieters et al. (2017) and our expert panel.
We assumed that weed control would be non-chemical, carried out by manual slashing – this
approach was taken to avoid the risks associated with chemical useage.
Teak can be raised using either seeds or vegetative tissues such as stumps, shoot cuttings or tissuecultured plantlets. Nurseries produce either potted seedlings or stumps, the latter being 6–12month-old seedlings which have had both roots and shoots pruned to produce a 200 mm ‘stump’
(Midgley et al. 2007b). Teak propagation by tissue culture is well-developed in Indonesia (Pachas et
al. 2019b)13 yet access by smallholders to improved teak planting stock is limited (Perdana and
13

Perhutani, a state owned enterprise in Indonesia that manages forests in Java, has developed Perhutani’s teak
plus or Jati Plus Perhutani (JPP) in order to improve the teak productivity through tree breeding programs that
include vegetative propagation (cuttings and tissue cultures) and clonal seed orchards (Sadono 2017).
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Roshetko 2015). Although in Indonesia teak plantations are frequently established by using local
germplasm (wildlings, seedlings or coppice) (Roshetko et al. 2013), and sometimes by transplanting
naturally occurring seedlings growing under mature teak (Dieters et al. 2017), we assumed that
smallholders would purchase potted seedlings from a nursery grown from good quality seed (e.g.
collected from a healthy stand of fast-growing trees). Dieters et al. (2017) provide guidelines for
teak seed procurement and nursery propagation.
We assumed that after six months 90% of trees had survived and had the potential to produce
merchantable logs at rotation age. A further loss of 5% of trees between ages 13-20 years (the
growth period after the final thinning) was factored into the analysis to account for wind damage
(tree breakage) and mortality (e.g. from pests and diseases). Teak has a tendency to fork, so we
scheduled form pruning at 6-12 months after planting.
The growth pattern of the teak plantation was determined in several steps. Kallio et al. (2011)
collected inventory for smallholder teak plantations aged 3-12 years in Central Java, and plotted
diameter and height against age. They overlaid on their data site class curves (SC1 (lowest) to SC5)
prepared by another researcher for plantations aged 5-15 years with average stocking of 1660
trees ha-1 (Kallio et al. 2011, Fig.3). The tree dimensions at age 12 years from the curve for SC3
matched the results of the inventory of the smallholder teak plantations in the case study; we
therefore used the SC3 curve to infer average tree dimensions at age 6 years and at age 12 years
and extrapolated the curves to estimate tree dimensions at age 20 years, keeping in mind that we
were modelling our plantation with a lower stocking.
Thinning prescriptions for teak plantations in different countries include up to four thinning
operations for 20-year rotations, yet thinning regimes for teak must be presented in a way that is
easy to understand and implement by smallholders. As a general principle, whilst recognising that
the timing and intensity of thinning depends on stand stocking (determined primarily by initial
spacing) and the site quality, thinning of teak should aim to remove approximately one half of the
standing trees or one third of the standing basal area, in order to have a positive impact on volume
increment post-thinning (Pachas et al. 2019b).14
We scheduled a first thinning at age 6 years and a second thinning at age 12 years, seeking to find a
balance between simplifying the silviculture without significantly compromising the yield potential
and value of the plantation. Drawing on approximate stocking levels with age to maximise growth
rates and value of young teak stands (Dieters et al. 2017, Table 6.1), we modelled a final stand
density of about 400 trees ha–1 following the second and final thinning at age 12 years. A
smallholder wishing to manage more intensively could also schedule another thinning at age 15
years.
Pruning is generally considered more important for smallholder teak growers than for sengon (Reid
et al. 2015). Pruning was scheduled to commence at age 6 years immediately after the first
thinning when trees were approximately 9 m tall. All branches on the stem of each tree were
pruned up to the point where the stem was 8 cm in diameter using a simple caliper made of
plywood as a guide (Rohadi et al. 2018), to a maximum pruned to a height of 2.4 m, meaning that
no more than approximately one-third of the green crown would be removed. [Pruning more than
50% of the branches will reduce the growth of a tree.] This pruning means that the first log will be
free of knots and defects relating to branches, which should attract a higher price. For simplicity in
the model, we assumed that pruning would be conducted only twice during the rotation. The
second pruning was scheduled at age 8 years to a height of 5.5 m to allow for the production of 5
m of pruned log, to be merchandised into various lengths depending on the diameter of the tree at
final harvesting. In practice, a few branches could be removed from each tree, each year, gradually
14

‘Thinning’ refers to the progressive removal of small, forked, damaged or otherwise low-value trees from the
stand with the aim of enhancing the growth of the retained trees, and improving stand health and quality (Pachas
et al. 2019b).
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increasing the pruned height – this spreads the workload across years, minimises the impact on
tree growth, and maximises the increase in timber value from pruning (Dieters et al. 2017).
Smallholders could also elect to prune to a greater height if they had the capacity, bearing in mind
that pruning to more than about 7 m is not recommended, as above this height it is increasingly
difficult and time consuming and most of the log value is in the lower part of the tree (Pachas et al.
2019b). Viquez and Perez (2005) reported that under an intensive pruning regime a teak tree at a
rotation age of 20 years may yield over 60% of the tree volume as merchantable wood, and over
40% as knot-free volume.
For the first pruning at age 6 years we assumed that a short handsaw or long-handled pruners
would be used; at this age the relatively small branches can be pruned quickly and easily. For the
second pruning at age 8 years we assumed a pole saw would be used. These special tools are
recommended to achieve acceptable quality of pruning, as opposed to a machete which must be
used carefully to ensure the cuts are clean and the branch collar is not damaged (Dieters et al.
2017). We assumed that there would be no pruning of branches for fuelwood, which usually results
in 10-15 cm branch stubs that reduce timber quality if not removed (Perdana et al. 2012). Effective
pruning and overall care of trees is a critical part of teak silviculture as poor stem form, heavy
branching, epicormic shoots, and the presence of nails or fencing wire have all been noted as
factors that reduce the value of a teak log (Reid et al. 2015).
As we found for sengon, we were unable to locate any contemporary yield tables for teak managed
on ‘short’ (i.e. 20 years) rotations15. Pandey and Brown (2000) observed that there was a paucity of
data on actual yield obtained at harvest of teak from different site classes and countries. We noted
the finding of Ball et al. (1999) that an important feature of yield tables of teak is the early
culmination of mean annual volume increment (MAI), generally between 6-20 years. Our approach
was to estimate the standing volumes and volumes harvested at the first and second thinnings and
at rotation age by calculating at each time the volume of the tree of average diameter and
multiplying it by the number of trees harvested or retained. We could not find tree volume
equations for teak in Indonesia though some have been published for teak elsewhere, for example
in Lao PDR (Pachas et al. 2019a) and Costa Rica (Bermejo et al. 2004). We used the equation to
calculate individual tree volume for smallholder teak in Lao PDR of the form:
V (m3) = 0.432πD2H/40,000, where D = diameter at 1.3 m (cm), H = height (m) (Pachas et
al. 2019a).
In the equation the constant 0.432 represents the form factor – the ratio between the actual
volume of the tree and the volume of a cylinder with the same diameter and height. We noted that
the form factor of young teak trees usually varies between 0.40 and 0.50 (Kallio et al. 2012); also,
that different silvicultural treatments in teak plantations can alter stem form significantly (Tewari
et al. 2013).
To estimate the log volumes by size class at the first and second thinning and final harvest we
prepared estimates of the amounts of logs available in different log size classes, drawing on the
results of the sengon case study given that tree dimensions and harvest volumes for sengon and
teak at final harvest were similar. All harvest volumes were rounded to the nearest whole number.

Estimating cash outflows
Production costs, drawn on information from a number of sources, were categorised, unit costs
were estimated and costs per ha were calculated. We assumed that the land was previously fallow.
The analysis did not include the cost of land (either its capital cost or rental value).

15

Pramono et al. (2011), who prepared a field guide for smallholder teak plantations, reproduced yield tables for
teak in Indonesia managed on 110-year rotations that were sourced from Von Wülfing’s yield tables for teak
plantations in Java developed in 1934.
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We assumed that all labour used was hired labour and that the daily cost of hired labour was Rp
50,000, as estimated for the sengon analysis.
The activities to establish the plantation were land preparation (clearing grass, bushes etc, done
one to two months before planting), layout of planting lines, digging holes, planting and fertilising,
manual weed control (twice), and form pruning to produce a single bole. We assumed teak
seedlings were purchased from a commercial nursery in Pati and transported 40 km to the planting
site. Each planting hole was dug to be 40 cm x 40 cm square x 40 cm deep and prepared 2-4 weeks
in advance to allow moisture to accumulate in the hole. Manure and fertiliser were applied to the
planting hole about two weeks before planting. We assumed that at approximately one month
after planting, the survival of the newly planted teak trees would be checked and that any dead or
damaged seedlings would be replaced with retained seedlings grown-on in polybags for this
purpose. We allowed an extra 5% of seedlings for re-filling. All activities conducted in the first year
were entered as year 0 for the analysis.
Weed control continued in the second and third year (i.e. years 1 and 2 in the analysis), including
the removal of vines, shrubs, coppice from stumps and grasses. By the end of the third year, we
assumed the canopy had closed and there was no need to control weeds. Weeds are commonly
used for animal fodder, but we assumed no direct cash income from such use of this material.
When the trees were 3 years old, we factored in another form pruning to remove any large
branches that may lead to a forked stem or to defects in straightness of the main stem. While
singling and form pruning should ideally be conducted as a continuous operation until the desired
results are achieved – a single, dominant, straight stem – (Dieters et al. 2017), for simplicity in the
analysis we allowed for singling in year 0 and form pruning in year 3 as a proxy for continuous
activity in the first 3 years.
From years 3-20 we factored in an annual maintenance cost. This was to provide labour for such
activities as removal of persistent weeds (e.g. vines, shrubs), removal of epicormic shoots and
adventitious branches next to the scars caused by pruning, and surveillance and manual methods
for control of pests and diseases. Preventing and controlling pests and diseases is mostly achieved
by removing damaged, suppressed, dead and dying trees (Dieters et al. 2017).
To account for loss of trees due to pests and diseases and other factors (e.g. wind damage), we
assumed a mortality of 5% of trees between the ages of final thinning and rotation age (i.e. ages
13-20 years).

Estimating cash inflows
As for sengon, the revenue the smallholder received from harvesting was calculated from our
assumptions for log prices, harvesting, transport and marketing costs, and estimates of log volumes
for each harvesting operation. We assumed that thinning was applied evenly across the stand of
trees rather than only removing trees of low growth performance.
Log prices for all operations were estimated from information collected during an interview with a
log processor, data from the teak case study, the expert panel and literature. The use of pricing
based on log diameter is the practice used in the field by market intermediaries (middlemen).
We assumed that the teak logs harvested at the first thinning at age 6 years were of low value, and
too small to be sold as sawlogs. These trees can be sold for poles, used for construction in the
village (fences, huts, etc), or used as fuelwood (Dieters et al. 2017).
At the second thinning at age 12 years we assumed that the trees would be sold as sawlogs for use
in furniture industries, while recognising that other uses included sale as poles or building timber
(Dieters et al. 2017).
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At the final harvest at age 20 years we assumed that the trees would be sold as sawlogs principally
for use in furniture industries but also other applications (e.g. boat construction, veneer for
decorative plywood).
Teak log grades are set under a detailed national standard16. Logs are graded by diameter, length
and quality factors. The elements of the system are:
Grade AI

Small roundwood

Diameter 4-19 cm

Grade AII

Medium roundwood

Diameter 21-29 cm

Grade AIII

Large roundwood

Diameter 30+ cm

Grades AI and AII have four quality classes; grade AIII has six. Quality factors include log
straightness, spiral grain, end-splitting and surface defects. Standard log lengths vary according to
diameter class. Teak logs as short as 50 cm can be commercially traded.
In general, smallholder grown teak is generally of a lower quality (compared to logs from Perum
Perhutani plantations) due to lack of good silviculture practices – in smallholder forests it is rare to
find a log in the first quality class (mutu pertama) and most are grouped in the third quality class
(mutu ketiga). A challenge is that smallholders have no real capacity for connecting a price list for
different log grades to what they have growing in a plantation. Teak is especially difficult because
while it is valuable it also is prone to defects. Smallholders lack grading skills as do middlemen to
some extent as such skills are difficult to find amongst these actors. More often, trained graders
are employed by the processing factories that buy teak logs – they determine the fair market value
and then the price negotiations begin. What often happens in the teak market is that factories will
develop a relationship with a middleman through whom they issue purchase orders for logs
sourced from smallholders; the middlemen have a high incentive to procure good quality wood to
preserve their relationship with the factory.
There are no standard stumpage prices for teak logs grown by smallholders, nor is there a central
pricing system across the industry. There are multiple collectors and traders of teak in most regions
and transaction costs vary greatly from location to location17.
We researched price information from previous studies. Midgley et al. (2007a) reported notional
teak stumpages for smallholder growers in south east Sulawesi for grade AI, AII and AIII logs of Rp
1,200,000 m–3, Rp 1,800,000 m–3 and Rp 2,200,000 m–3, respectively. Stewart et al. (2015a)
reported similar prices (2012 prices) for small teak logs grown by smallholders in the Gunungkidul
district, but for grade AII and grade AIII logs the stumpages were Rp 2,000,000-2,400,000 m–3 and
Rp 3,000,000-3,500,000 m–3, respectively.
Prices we collected during an interview in 2019 with a teak log processor at Semarang indicated
that at the factory door and for standard lengths of 2 m, logs 20-30 cm diameter were worth Rp
3,800,000 m–3 and logs 30-40 cm diameter were worth Rp 6,500,000 m–3. The factory mainly
purchased logs 25-40 cm diameter and 2 m in length, though shorter logs of 1 m length were
sometimes taken.
We obtained a 2019 price schedule issued by Perum Perhutani for its logs at a regional depot
located at Mranggen located between Pati and Semarang and approximately 60 km from Pati.
These prices, issued annually by the Perum Perhutani central office, apply to all of their sales
depots. We were able to obtain the price schedule from an active purchaser of teak logs. Our
experience is that smallholders generally have difficulty in accessing such information (e.g. the
schedule is usually only provided by Perum Perhutani to a willing buyer of their logs), and we were
unable to obtain the schedule from Perum Perhutani by electronic means. Our experience was that
16

Standar Nasional Indonesia, SNI 7535.3:201, Kayu bundar jenis jati – Bagian 3: Pengukuran dan tabel isi.
Dr J. M. Roshetko, Senior Agroforestry Systems and Integrated Natural Resource Management Scientist, ICRAF,
Bogor, pers. comm., 9 September 2019.
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the local market dominated by middlemen typically priced smallholder logs 5%-10% under Perum
Perhutani prices for logs of a given dimension and grade. Information on annual price changes
appears to be readily disseminated amongst middlemen, which is soon reflected in prices paid for
smallholder logs due to competition amongst middlemen buyers.
The 2019 price schedule issued by Perum Perhutani was structured into broad quality categories
that included ‘Lokal’ (smallholder logs), ‘Lokal industri’ (logs generally of better quality sourced
from villages), and ‘Hara’ (high quality logs without outwardly visible defects). For each category a
separate table was presented for the three log grades (AI, AII and AIII). Each grade had log quality
classes (4-6 depending on grade). Within each class prices increased with increasing log diameter
and length, with the minimum length being 1.00 m and the maximum length 3.90 m. The Lokal
category had the lowest prices. Price differences for logs of better grade and longer lengths were
substantial – for example, in the Lokal category, a log with a diameter of 24-26 cm in the first
quality class and of length 3.00-3.90 m was Rp 5,420,000 m–3 compared to Rp 2,624,000 m–3 for a
log in the third quality class and of length 1.00 m, an increase of more than 100%.
We deemed that the prices most relevant for teak grown by smallholders were for logs from the
Lokal category, in the third quality class, and of the length 1.00-1.90 m. The benchmark prices we
therefore used were:
AI

10-13 cm diameter

Rp 1,123,000 m–3

AI

16-19 cm diameter

Rp 1,700,000 m–3

AII

21-23 cm diameter

Rp 2,624,000 m–3

AII

24-26 cm diameter

Rp 2,916,000 m–3

AII

27-29 cm diameter

Rp 3,208,000 m–3

AIII

30-34 cm diameter

Rp 4,860,000 m–3

We interpolated this information to estimates prices for our log diameter classes that differed
slightly from those presented in the price schedule. We were of the opinion that the prices we used
were achievable yet cautious stumpages for smallholder growers of teak in the study area.
We assumed that smallholders would sell standing trees to middlemen and that the middlemen
would deduct approximately Rp 240,000 m–3 from factory-gate prices to cover the costs of
contracted harvesting, contracted transportation of logs from the smallholder plantation to market
and a margin for management and profit. This matched our assumption for the middlemen’s costs
for buying and marketing sengon logs. Although our assumed market for teak in Semarang, 100 km
south west of Pati, was closer than the assumed market for sengon logs we figured that a lower
transport cost for teak would be offset by a higher cost of log handling (more dense timber) for
teak than sengon.
At the first and second thinnings we assumed that the merchantable volume would be 85% of the
individual tree volumes we estimated; at final harvest the assumption was 95%.

Development of the financial model
The financial model developed for sengon was used for the teak analysis; hence, financial analysis
was conducted with the year 2020 as the base year using a real discount rate of 8%.

Sensitivity analysis
We calculated similar statistics to those for the sengon analysis: the land expectation value (LEV),
annual equivalent return (AER), the break-even annual land rental, or the maximum annual rent
that could be paid, for growing teak on a 20-year rotation, and the return to labour. We tested the
sensitivity of the results to a reduction in the annual maintenance costs. We also modelled the
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base silvicultural regime without any thinning, with the assumption that the same total volume
would be produced over the rotation.

Results
Semi-structured interviews
Detailed results from the semi-structured interviews are provided at Annex 4. These include a
profile of smallholder growers of sengon (N = 10), smallholder practices for growing, harvesting and
marketing sengon (N = 10), an overview of sengon growing at a community level provided by
village leaders (N = 3), information on log specifications from a log buyer (N = 1), costs for
harvesting and transporting sengon logs to market provided by a contractor (N = 1), and factorygate prices for sengon logs (N = 2) and teak logs (N = 1) provided by log processors.
The findings from interviews with smallholders included:
 Most smallholders owned the land used to grow sengon, but some rented the land;
 70% of the families had family members who worked on the farm;
 90% of farmers had tried to grow food crops together with sengon in agroforestry
systems; seven farmers were successful and continued to grow crops (cassava, yams,
coffee, ginger, banana) with sengon. Unsuccessful crops grown with sengon were chilli,
peanut and corn;
 Planting density was 2 m x 2 m (2500 trees ha–1) or 2 m x 3 m (1667 trees ha–1);
 90% of farmers had thinned or planned to thin their sengon;
 Trees would be harvested between ages 5-7 years;
 One-third of farmers would harvest trees at a time to meet family needs (e.g. schooling);
 Nearly all farmers (80%) planned to sell to a middleman; and
 Only one-third of farmers had any knowledge of log specifications in the market.
The findings from interviews with village leaders included:
 The number of families in the villages and the proportion of families with sengon
plantations (in parentheses) were 622 (11%), 1062 (31%) and 1400 (50%);
 Land used to grow sengon was a combination of best and marginal land;
 Middleman in all cases were the sources of market information and conducted the
measurements of trees or logs when negotiating sales with smallholders;
 There was competition for sengon wood in that there were several buyers (middlemen)
operating in each village; and
 Information needs to make the growing of sengon more profitable included better
knowledge about plantation management and market prices for logs.
The interview with a log buyer (middleman) from the Gunungwungkal subdistrict revealed that logs
as small as 6-7 cm in diameter were marketable in lengths of 100-130 cm. The response from a
harvest and transport contractor indicated costs of approximately Rp 160,000 m–3 for sengon for
harvesting, skidding, loading and transporting logs by truck almost 150 km to a factory gate.
Factories indicated a similar price structure for sengon logs, ranging from Rp 500,000 m–3 (10-14 cm
diameter, 100-130 cm length) to Rp 1,400,000 m–3 (50+ cm diameter, 200-260 cm length). Teak logs
were considerably more valuable – for example, logs 20-30 cm diameter and 1-2 m length were
priced at Rp 3,800,000 m–3 at the factory gate.

Case studies
Sengon inventory
The inventory included seven plots of sengon in the 5-year age class and 10 in the 6-year age class
in the Gunungwungkal subdistrict, Pati. The management history of the plots was unknown. We
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therefore filtered the plots as follows: in the 5-year age class, plots were excluded if stocking <500
trees ha–1 and /or mean diameter <10 cm; in the 6-year age class, plots were excluded if stocking
<500 trees ha–1 and /or mean diameter <14 cm. The mean diameter thresholds were set as a proxy
to exclude plantations on land with poor site quality and /or poor management, based on the
relationship between diameter and age for sengon on different site qualities (Krisnawati et al.
2011). The stocking threshold was set to exclude stands with densities below the stocking at age 6
years we used in our model. Results of the analysis of the productivity of smallholder sengon
plantations in the Gunungwunkal subdistrict, Pati (Table 1) showed that the average stocking for
the 5-year old plots was 931 trees ha–1, with a range of 625-1150 trees ha–1 while for an
independent set of 6-year-old plots the average stocking was 763 trees ha–1, with a range of 713788 trees ha–1. We also calculated mean tree diameter and height: diameter = 14.6 cm, height =
14.9 m for the 5-year-old trees; diameter = 16.4 cm, height = 18.8 m for the 6-year-old trees.
The productivity of the plantations, calculated as the average of the mean annual increments
(MAI), was estimated to be 21 m3 ha–1 year–1, with a range of 14-28 m3 ha–1 year–1 for the 5-yearold plots and 19 m3 ha–1 year–1, with a range of 15-22 m3 ha–1 year–1 for the 6-year-old plots. At the
assessed tree density and drawing on results from the interviews with smallholder growers of
sengon in the Gunungwungkal subdistrict, it appeared that the plantations had been thinned to
varying extents. The estimated productivity is therefore likely to be a conservative estimate of the
total productivity of the stands over the growing periods. Despite this limitation, the results assist
in filling a knowledge gap, for as noted by Nambiar (2019), there appears to be no publicly available
information on the range of productivity measured by reliable inventory of stands in small grower
forestry in specific ecosystems in Asia.

Table 1

Productivity of smallholder sengon plantations aged 5-6 years in the Gunungwungkal
subdistrict, Pati

Age (years)

Stocking (trees ha–1)
Average
Range

MAI (m3 ha–1 year–1)
Average
Range

5
6

931
763

21
19

625-1150
713-788

14-28
15-22

Source: Trees4Trees™, 2019. Notes: Data are the average of four sample plots for age 5 years (plots 134, 333, 334 &
388), and three sample plots for age 6 years (plots 12, 353 & 354), each of 0.08 ha, measured in September 2015.
Tree volumes were calculated using the sengon tree volume table provided by Rohadi et al. (2018).

Teak inventory
The oldest teak plots in the inventory were four plots in the 12-year age class in the Tlogowungu
subdistrict, Pati. Results of the analysis of the productivity of smallholder teak plantations (Table 2)
showed that the average stocking at age 12 years was 422 trees ha–1, with a range of 213-513 trees
ha–1. Mean tree diameter and height across the four plots were 14.5 cm and 16.1 m, respectively.
The productivity of the plantations, calculated as the average of the mean annual increments (MAI)
across four plots, was estimated to be 7 m3 ha–1 year–1, with a range of 5-9 m3 ha–1 year–1.

Table 2

Productivity of smallholder teak plantations aged 12 years in the Tlogowungu
subdistrict, Pati

Age (years)

Stocking (trees ha–1)
Average
Range

MAI (m3 ha–1 year–1)
Average
Range

12

422

7

213-513

5-9
23

Source: Trees4Trees™, 2019. Notes: Data are the average of four sample plots (plots 201-204), each of 0.08 ha,
3
measured in September 2015. Individual tree volumes for each plot were calculated as V (m ) =
where D = diameter (cm), H = height (m) and FF = form factor of 0.432 (Pachas et al. 2019a).

,

The management history of the plantations was not known, but at the assessed range of tree
densities, and drawing on knowledge Trees4Trees™, it seemed that the plantations had been
thinned to varying levels. The four plots were located in the same village (Cabak). We therefore
assumed that the growing conditions may have been similar and decided to examine the tree
diameter distribution of the aggregated four plots (Figure 1).

Figure 1 Diameter distribution of smallholder teak plantations aged 12 years in the Tlogowungu
subdistrict, Pati
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The diameter distribution was skewed to the left, suggesting that rather than being done evenly,
thinning had removed a higher proportion of larger trees. Anecdotal evidence supports this idea in
that smallholders with teak tend to thin the biggest trees to get maximum amount of money18.
Similarly, Lao farmers typically understand ‘thinning’ to be selective harvesting of the largest trees
as they reach a merchantable size, that is, thinning from ‘above’ (Pachas et al. 2019b). Early and
repeated thinning from above detracts significantly from overall yield as the genetic quality and
vigour of the stand is progressively reduced (Midgley et al. 2007b). As for sengon, the estimated
productivity for teak is therefore likely to be a conservative as we have not accounted for any
volume removed in any thinning that may have been done.

Sengon demonstration plantation
The smallholder planting of sengon was established in an agroforest of 0.4 ha in March 2014 on
land previously used to grow cassava. The site had an altitude of 100 m above sea-level and annual
rainfall was estimated at 2800 mm. Sengon was planted at a stocking equivalent to 960 trees ha–1
together with durian (Durio sp.) and jackfruit (Artocarpus heterophyllus). Survival of sengon at 18
months (64%) was lower than expected though not surprising as trees were planted at the
beginning of the dry season. Further mortality was negligible. Trees were pruned with a pole saw as
18

Dr D. Rohadi, Centre for International Forestry Research (CIFOR), Bogor, pers. comm., 2 September 2019.

24

follows: at age 1 year – to a height of 2 m; at age 2 years – to a height of 8 m; at age 3 years – to a
height of 11 m; and at age 4 years – to a height of 12.5 m. At age 26 months 15% of trees were
thinned, leaving an equivalent of 525 trees ha–1 at age 5.6 years when the sengon was harvested.
Poles cut from thinned trees were used to build shade structures in a local nursery and the foliage
was fed to cattle.
A middleman visually assessed the sengon trees and negotiated with the smallholder to buy all
standing timber. The middleman organised the harvesting, log grading and haulage of logs to a
processor. The smallholder was paid for the trees (stumpage) before the graded logs were loaded
onto a truck. A total of 59.5 m3 of logs were delivered to a mill in four truck loads.
The harvest volume of 59.5 cubic metres of logs was equivalent to a MAI of merchantable timber of
27 m3 ha–1 year–1 over the 5.6-year growing period.
Based on their extensive experience with smallholder sengon plantations in the locality,
Trees4Trees™ were of the opinion that the case study plantation was growing on high quality land
and that the yield was high (on a scale of low, medium or high). They estimated that this yield
would be at the 90th percentile for smallholder sengon plantations in the Pati district.
Trees4Trees™ believed that the smallholder could have achieved a higher yield of merchantable
timber and better log grades if a more intensive thinning regime had been applied.
Logs are graded according to diameter, length and other characteristics. General grades commonly
applied to sengon are:
Grade A (or SUPER) 260

25 cm+ diameter

260 cm length

Grade B (or SUPER) 130

20 cm+ diameter

130 cm length

Grade C (or RIJEK) 130

6 cm+ diameter

130 cm length

Grade A and grade B, or SUPER grades are straight logs with no splits. Logs that might otherwise be
graded as A or B but are non-standard lengths (e.g. 100 cm) or have defects including dead knots or
are bent or split, will be priced as a grade C log or reject logs.
After harvesting the logs were graded by the log buyer (middleman) at the roadside into grade B
(65% by volume) and grade C (35% by volume). A summary of the number of logs and volume by
log diameter size classes for logs cut from sengon trees harvested at age 5.6 years is provided at
Table 3. The key result that informed our analysis was the proportion of volume by size class.
Table 3

Number of logs and volume by log diameter size classes for logs cut from sengon trees
harvested at age 5.6 years

Log diameter (cm)

10-14

15-19

20-24

25-29

30+

Total

Number of logs

783

350

589

262

19

2003

Proportion of logs

39%

17%

29%

13%

1%

100%

Volume (m )

11.2

9.8

22.4

14.5

1.5

59.54

Proportion of volume

19%

16%

38%

24%

3%

100%

3

The middleman sold the logs to a processor. The factory-gate prices achieved by the middleman
were as follows:
Grade B logs had three price points
 Rp 960,000 m–3 for logs with diameter up to 22 cm
 Rp 1,060,000 m–3 for diameter 23-25 cm
 Rp 1,160,000 m–3 for logs with diameter 26 cm and above.
Grade C logs had two price points
25

 Rp 320,000 m–3 for logs with diameter up to 14 cm
 Rp 450,000 m–3 for diameter 15 cm and above
The average price achieved by the middleman across all log grades was Rp 820,205 m–3, which
realised a total revenue of Rp 48,802,190. The grade B logs which represented 65% of the total
volume of logs sold contributed 84% of the total log revenue received by the middleman. The
amount paid by the middleman to the smallholder was Rp 31,500,000 for 59.5 m–3 of logs,
representing an average return of Rp 529,442 m–3 to the smallholder.
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Profitability of smallholder sengon plantations
Silvicultural system
The resultant silvicultural regime and volume production for a smallholder sengon plantation is
provided in Table 4. Over the rotation the total volume production of merchantable wood was 135
m3 ha–1, equivalent to a MAI over 6 years of 23 m3 ha–1 year–1. This productivity was approximately
midway between the MAI of the sengon plantations aged 5-6 years estimated from inventory (1921 m3 ha–1 year–1) and the MAI of the demonstration plantation (27 m3 ha–1 year–1).

Table 4

Silvicultural regime for a smallholder sengon plantation

Year Activity

N

Stand
height
(m)

Unit

1667 trees ha

–1

0

Plant at 2 m x 3 m

0

Survival after 6 months

85%

0

Stocking after 6 months

1417 trees ha–1

0

Form pruning

1417 trees ha

2

1st thin

40% trees thinned

–1

11.4

8.0

19

13

0.023

14.7

12.0

39

17

0.066

19.1

19.0

0.0

105

0.197

–1

2

1st thin

567 trees ha thinned

2

Trees remaining

850 trees ha–1

3

2nd thin

30% trees thinned
–1

3

2nd thin

255 trees ha thinned

3

Trees remaining

595 trees ha

3-6 Mortality, breakage
6

Mean Residual Harvest Mean volume
volume volume of harvested
DBH
(cm) (m3 ha–1 ) (m3 ha–1 ) trees (m3 )

–1

10%

Final harvest - trees cut

536 trees ha–1

Total volume harvested

3

135

Mean annual increment (MAI) of merchantable volume over the rotation

23

m ha
3

–1

–1
–1

m ha year

The proportions of the total volume of sengon logs by log diameter class for a smallholder
plantation harvested at age 6 years are provided at Table 5. We estimated these proportions using
the results from the sengon demonstration plantation as a starting point and then adjusting the
values to reflect what we believed would be a typical yet conservative outcome for our silvicultural
regime. In our opinion these represent a practical set of values for smallholders to use. The
proportions were then applied to the total volume harvested at age 6 years to estimate the
amounts of logs in each log diameter size class (Table 5).

Table 5

Volumes of sengon logs by log diameter class for a smallholder plantation harvested at
age 6 years

Log diameter (cm)

10-14

15-19

20-24

25-29

30+

Total

Proportion of volume
Volume (m3 ha–1)

20%
21

25%
26

35%
37

20%
21

0%
0

100%
105
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Cash outflows
The cash outflows for the modelled smallholder sengon plantation are provided at Table 6, showing
timing and unit costs for all activities and total costs per ha for both labour and materials.

Table 6
Year
0-6
0

Cash outflows for a 1 ha smallholder sengon plantation
Input values (No) Cost (Rp ha–1 ) Comment

Activity

Unit

Labour daily cost

Rp pd–1

50,000

Labour to prepare land

pd ha–1

20

Clear the land of grass (e.g. hoe)

40

Lining, holing, planting

10

Manure and NPK

25

Twice, using hand scythe

5

Form pruning to a single bole

Labour to plant

pd ha

–1

0

Labour to fertilise

pd ha

–1

0

Labour to weed

pd ha–1

0

0

Labour to form prune

0
0

pd ha

–1

Total labour cost
Stocking rate

5,000,000
trees ha

–1

0

Seedling unit cost at nursery Rp seedling

0

Transport seedlings to site

0

–1

Rp seedling –1

Spacing of 2 m x 3 m

2,500

Nursery in Pati

200

Fertiliser unit cost (manure) Rp kg

Fertiliser rate (manure)
kg seedling –1
Fertiliser cost (manure)

0

Fertiliser unit cost (NPK)

0
0

Fertiliser rate (NPK)
kg seedling
Fertiliser cost (NPK)

1

Labour to weed
Labour to fertilise

1

Assume 40 km to site
4,500,900

–1

0
0

1

1,667

Seedling cost at site

0

1

From farmer survey

150

Rp kg –1
–1

Bought from suppliers

5

Applied in planting hole
1,250,250

6,000

NPK [14:14:14]

0.10

Applied in planting hole
1,000,200

pd ha

–1

30

Three times, using hand scythe

pd ha

–1

10

NPK

–1

6,000
0.25

Total labour cost

2,000,000

1
1

Fertiliser unit cost (NPK)
Rp kg
–1
kg seedling
Fertiliser rate (NPK)
Fertiliser cost (NPK)

2

Labour to weed

NPK [14:14:14]
1417 trees (85% survival)
2,125,500

pd ha

–1

20

2
2

Labour for pest & disease
pd ha
Total labour cost

–1

5

3-6
3-6

Labour for maintenance
pd ha
Total labour cost

–1

Twice, using hand scythe
Survey, remove infected trees
1,250,000

20

Pest & disease, etc
1,000,000

Cash inflows
Log price assumptions for the thinning operations were:
First thinning:

Rp 20,000 m–3 (trees sold locally as poles)

Second thinning:

Rp 60,000 m–3 (all grade C logs, sold to middleman)

Drawing on the harvest volumes from thinning (Table 4), the resultant cash inflows from thinning
were estimated to be Rp 260,000 ha–1 for the first thinning and Rp 1,020,000 ha–1 for the second
thinning.
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The log price assumptions and harvest revenues at the final harvest are provided in Table 7. All log
lengths were assumed to be 100-130 cm.

Table 7

Cash inflows (revenue) at final harvest at age 6 years for a 1 ha smallholder sengon
plantation

Log diameter (cm)
3

10-14

–1

Volume (m ha )
Factory log price (Rp m–3)
Grower log price (Rp m–3)
Revenue (Rp ha–1)

21
360,000
120,000

15-19
26
450,000
210,000

20-24

25-29

37
960,000
720,000

30+

Total

21
0
1,060,000 1,160,000
820,000 920,000

2,520,000 5,460,000 26,640,000 17,220,000

0

105

51,840,000

Financial analysis
The costs, revenues, net cash flows and results of the financial analysis are provided at Table 8.
Plantation establishment costs (costs incurred in year 0) accounted for 60% of total growing costs
over the rotation (on a present value basis). The results indicated that the smallholder sengon
plantation we modelled on a 6-year rotation was a profitable enterprise with an estimated NPV of
Rp 14,218,000 ha–1 at a real discount rate of 8%. The internal rate of return (IRR) was indicated to
be 20% for the investment and the benefit–cost ratio was 1.7.

Table 8

NPV analysis for a 1 ha smallholder sengon plantation

Time (Year)
0
1
2
3
4
5
6

Cost (Rp ha–1 )
11,751,350
4,125,500
1,250,000
1,000,000
1,000,000
1,000,000
1,000,000

Discount rate (real)
-1

NPV (Rp ha )
IRR
-1

LEV (Rp ha )

Revenue (Rp ha–1 ) Net cash flow (Rp ha–1 )
0
0
260,000
1,020,000
0
0
51,840,000

-11,751,350
-4,125,500
-990,000
20,000
-1,000,000
-1,000,000
50,840,000
8%
14,218,000
20%
38,444,000

The land expectation value (LEV) was indicated to be Rp 38,444,000 ha–1. This represents the
maximum price a buyer should be willing to offer to purchase bare land in order to achieve the
required rate of return (in this case 8%) in use of the land for forestry, assuming the use continues
in perpetuity (Barnes 2002). The annual equivalent return (AER) was indicated to be Rp 3,075,000
ha–1. Another way of interpreting the AER is that it is equivalent to the break-even annual land
rental for growing sengon on a 6-year rotation; that is, a smallholder could rent land for Rp
3,075,000 ha–1 year–1 to grow sengon and make a real return on capital invested of 8% over the life
of the project.
The sensitivity of these results to the discount rate were as follows: at 4%, NPV, LEV and benefit–
cost ratio were, respectively, Rp 21,887,000 ha–1, Rp 104,380,000 ha–1, and 2.1; at 12%, Rp
8,344,000 ha–1, Rp 16,913,000 ha–1 and 1.4.
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Revenues from thinning were small as revenue at final harvest at 6 years was 97% of total revenue
(on a present value basis). Sensitivity analysis indicated that the break-even stumpage price for logs
produced at the final harvest was Rp 268,000 m–3, equivalent to 55% of the average stumpage
price that was assumed for the financial model. These results indicated that achieving a positive
financial return from thinning operations had little impact on the overall profitability of the
investment, and that the smallholder could accept a considerably lower selling price for logs at the
final harvest than we estimated yet still make a profit at the chosen discount rate. In other words,
the production of sengon by smallholders remained a viable option for farmers in Gunungwungkal
even when the stumpage price for logs at the final harvest was reduced by more than one-third.
Others have reported that a sensitivity analysis of log prices indicated that timber production
systems remain a viable option for farmers in Gunungkidul even when the log price is reduced by
25% to 50% (Sabastian 2012). This result provides some assurance of a viable investment in a
market where the small volume of sengon timber currently available in the study area may be
creating a price premium in the short- term that could moderate as the expanding plantation area
matures and more timber is harvested (Race et al. 2019).
The assumptions we made for costs of pruning were:
1st pruning (age 2 years, to 3 m)

12 person days ha–1

Rp 600,000 ha–1

2nd pruning (age 3 years, to 5 m)

12 person days ha–1

Rp 600,000 ha–1

3rd pruning (age 4 years, to 7 m) 14 person days ha–1

Rp 700,000 ha–1

The different labour requirements reflect different tree densities (higher densities at an early age)
and degree of difficulty in pruning (higher pruning requires more labour). In this analysis we
assumed no impact on tree volume growth from pruning on the basis that no more than 50% of the
branches were pruned at any one time. Sensitivity analysis of pruning as an investment to improve
log quality and hence price indicated that for pruning to be profitable at a real discount rate of 8%,
the average stumpage price of logs at final harvest would need to increase by Rp 22,700 m–3,
equivalent to a 5% increase in the average stumpage price of logs. We had insufficient information
to estimate how the pruning might increase the average grade and total selling price of logs at the
final harvest, and thus were unable to provide an opinion about whether or not pruning was a
worthwhile investment.
Returns to labour (the rate at which the NPV = 0) were estimated to be Rp 116,000 day–1 in
sensitivity analysis, compared to the daily labour rate of Rp 50,000 day–1 used in the financial
analysis. Allen (2016) found that the majority of workers, including those working in agriculture,
were employed on short-term contracts and/or earning an income that was below the district
minimum wage. We tested the sensitivity of the results to a labour rate set at the minimum wage
for all workers at a district level, mandated annually by the Indonesian Federal Government. In
2019 the monthly rate for the Pati district was Rp 1,742,00019, equivalent to a daily rate (8-hour
day) of Rp 79,182. Using this labour rate, the results were an NPV of Rp 7,936,000 ha–1 and an IRR
of 14%.
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Profitability of smallholder teak plantations
Silvicultural system
The silvicultural regime and volume production for a smallholder teak plantation is provided in
Table 9. Over the rotation of 20 years the total production of merchantable wood was 149 m3 ha–1,
equivalent to a MAI of 7.4 m3 ha–1 year–1. This productivity was similar to the MAI of the teak
plantations aged 12 years in the Tlogowungu subdistrict, Pati estimated from inventory.

Table 9 Silvicultural regime for a smallholder teak plantation
Year Activity

N

Stand
height
(m)

Unit

1111 trees ha–1

0

Plant at 3 m x 3 m

0

Survival after 9 months

0

Stocking after 9 months

1000 trees ha

0

Form pruning

1000 trees ha–1

3

Form pruning

1000 trees ha

6

Ist thin

90%
–1

–1

9.0

10.0

21

9

0.031

–1

Ist thin

300 trees ha thinned

6

Merchantable volume

85%

8
–1

6

Trees remaining

700 trees ha

6

Ist prune (2.4 m)

700 trees ha–1

8

2nd prune (5.5 m)

700 trees ha

2nd thin

33% trees thinned

–1

11.0

12.0

14.0

15.0

50

25

0.107

–1

12

2nd thin

233 trees ha thinned

12

Merchantable volume

85%

12

9.0

30% trees thinned

6

12

Mean Residual Harvest Mean volume
volume volume of harvested
DBH
(cm) (m3 ha–1 ) (m3 ha–1 ) trees (m3 )

Trees remaining

21

467 trees ha

13-20 Mortality, breakage

–1

5%

20

Final harvest - trees cut

444 trees ha–1

20

Merchantable volume

95%

19.0

21.0

0

126

0.197

120

Total volume harvested
Mean annual increment (MAI) of merchantable volume over the rotation

149
7.4

3

–1

m ha
–1
–1
m ha year
3

The estimated volumes of teak logs by log diameter class for a smallholder plantation at second
thinning at age 12 years and final harvesting at age 20 years are provided at Table 10.

Table 10 Volumes of logs by log diameter class at second thinning at age 12 years and final
harvest at age 20 years for a smallholder teak plantation
Log diameter (cm)

10-14

Proportion of volume
Volume (m3 ha–1)

70%
15

Proportion of volume
Volume (m3 ha–1)

20%
24

15-19
20-24
Second thinning
30%
0%
6
0
Final harvest
25%
35%
30
42

25-29

30+

Total

0%
0

0%
0

100%
21

16%
19

4%
5

100%
120
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Cash outflows
The cash outflows for the smallholder teak plantation are provided at Table 11, showing timing of
all activities, unit costs and total costs per ha for both labour and materials.
Table 11 Cash outflows for a 1 ha smallholder teak plantation
Year

Activity

0-20 Labour daily cost
0
0

Labour to prepare land
Labour to plant

Input values (No) Cost (Rp ha–1 ) Comment

Unit
Rp pd–1

50,000

pd ha–1

20

Clear the land of grass & bushes

pd ha

–1

30

Lining, holing, planting

–1

8

Manure and NPK

25

Twice, using hand scythe

0

Labour to fertilise

pd ha

0

Labour to weed

pd ha–1

0
0

Labour to form prune
pd ha
Total labour cost

0

Stocking rate

0
0
0
0

–1

5
–1

Seedling unit cost at nursery Rp seedling

1111

Spacing of 3 m x 3 m

–1

2500

Nursery in Pati

–1

200

Transport seedlings to site Rp seedling
Seedling cost at site
Seedlings for re-filling
5%
Seedling cost for re-filling
–1

149,985

Fertiliser unit cost (manure) Rp kg

0
0

Fertiliser rate (manure)
kg seedling
Fertiliser cost (manure)

0

Fertiliser unit cost (NPK)

150

0
0

Fertiliser rate (NPK)
kg seedling –1
Fertiliser cost (NPK)

0.10

1
1

Survival of planted seedlings
Trees remaining

90%
1,000

1

Labour to weed

–1

–1

pd ha–1
–1

1
1
1
1
1

Labour to fertilise
pd ha
Total labour cost
Fertiliser unit cost (NPK)
Rp kg –1
–1
Fertiliser rate (NPK)
kg seedling
Fertiliser cost (NPK)

2

Labour to weed

Applied in planting hole
1,666,500

6000

NPK [14:14:14]
Applied in planting hole
666,600

30

Three times, using hand scythe

8

NPK
1,900,000

6000
0.25

NPK [14:14:14]
1,499,850

–1

20

2
2

Labour for pest & disease
pd ha
Total labour cost

–1

5

3

Labour to form prune
pd ha
Total labour cost

–1

Labour to prune
pd ha
Total labour cost

–1

Twice, using hand scythe
Survey, remove infected trees
1,250,000

5
250,000
6
300,000

Labour to prune
pd ha–1
Total labour cost

10

–1

20

3-20 Labour for maintenance
pd ha
3-20
Total labour cost

Bought from suppliers

10

pd ha

8

Assume 40 km to site
2,999,700

0

6

Form pruning to a single bole
4,400,000

trees ha

Rp kg

From farmer survey

500,000
Pest & disease, etc
1,000,000
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Cash inflows
We assumed that the teak logs harvested at the first thinning at age 6 years were sold locally for
use in construction of fences, huts, etc, or as fuelwood. To these logs we assigned a notional
stumpage value of Rp 200,000 m–3, which generated a stumpage of Rp 1,557,000 ha–1.
The log price assumptions and harvest revenues for the second thinning and the final harvest are
provided in Table 12. Minimum log lengths were assumed to be 100-130 cm.

Table 12 Cash inflows (revenue) at second thinning at age 12 years and final harvest at age 20
years for a 1 ha smallholder teak plantation
Log diameter (cm)

10-14

15-19

20-24

Second thinning
Volume (m3 ha–1)
15
6
0
–3
Factory log price (Rp m ) 1,130,000 1,700,000 2,624,000
Grower log price (Rp m–3) 890,000 1,460,000 2,384,000
Revenue (Rp ha–1)

13,350,000 8,760,000

0

Final harvest
Volume (m ha )
24
30
42
Factory log price (Rp m–3) 1,130,000 1,700,000 2,624,000
Grower log price (Rp m–3) 890,000 1,460,000 2,384,000
3

–1

Revenue (Rp ha–1)

25-29

30+

Total

0
0
3,208,000 4,860,000
2,968,000 4,620,000
0

0

19
5
3,208,000 4,860,000
2,968,000 4,620,000

21

20,850,000
120

21,360,000 43,800,000 100,128,000 56,392,000 23,100,000 244,780,000

Financial analysis
The costs, revenues, net cash flows and results of the financial analysis are provided at Table 13.
Plantation establishment costs accounted for 44% of total growing costs over the rotation (on a
present value basis). The results indicated that the smallholder teak plantation we modelled on a
20-year rotation was a profitable enterprise with an estimated NPV of Rp 39,408,000 ha–1 at a real
discount rate of 8%. The internal rate of return (IRR) was indicated to be 15% for the investment
and the benefit–cost ratio was 2.7.
The LEV was indicated to be Rp 50,173,000 ha–1, and the AER to be Rp 4,013,000 ha–1. These
amounts represent, respectively, the maximum price a smallholder should be willing to offer to
purchase bare land for teak production, or the annual rent that could be paid for land to grow teak
to achieve the desired return on capital invested (8% in these cases).
The sensitivity of these results to the discount rate were as follows: at 4%, NPV, LEV and benefit–
cost ratio were, respectively, Rp 99,843,000 ha–1, Rp 183,667,000 ha–1, and 4.7; at 12%, Rp
11,538,000 ha–1, Rp 12,873,000 ha–1 and 1.6.
Revenue from first thinning was negligible, being only 2% of total revenue on a present value basis.
If a smallholder found it difficult to market the small logs from the first thinning at age 6 years, the
teak plantation could still be managed by way of a pre-commercial thinning as part of the intensive
silviculture to improve log quality at the final harvest. The initial planting density in our model of
1100 trees ha−1 allows for some mortality, a pre-commercial thinning and a commercial thinning at
age 12 years with a residual stocking of around 400 trees ha−1 at that age as recommended by
Dieters et al. (2017). Revenue from second thinning and final harvest were estimated to be 14%
and 84% of total revenue (on a present value basis), respectively.
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Table 13 NPV analysis for a 1 ha smallholder teak plantation
Time (Year)

Cost (Rp ha–1 )

Revenue (Rp ha–1 )

Net cash flow (Rp ha–1 )

0

9,957,785

0

-9,957,785

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

3,399,850
1,250,000
1,250,000
1,000,000
1,000,000
1,300,000
1,000,000
1,500,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000
1,000,000

0
0
0
0
0
1,557,821
0
0
0
0
0
22,110,000
0
0
0
0
0
0
0
244,780,000

-3,399,850
-1,250,000
-1,250,000
-1,000,000
-1,000,000
257,821
-1,000,000
-1,500,000
-1,000,000
-1,000,000
-1,000,000
21,110,000
-1,000,000
-1,000,000
-1,000,000
-1,000,000
-1,000,000
-1,000,000
-1,000,000
243,780,000

Discount rate (real)
NPV (Rp ha
IRR

-1

-1

LEV (Rp ha )

8%
39,408,000
15%
50,173,000

In the analysis the average stumpage price at the final harvest was calculated to be Rp 2,042,000
m–3. Sensitivity analysis indicated that the break-even stumpage price for logs produced at the final
harvest was Rp 519,000 m–3, equivalent to 25% of the calculated average stumpage price. These
results indicated that the grower could accept a considerably lower selling price for logs at the final
harvest than we assumed yet still make a profit at the chosen discount rate – thus, the production
of teak by smallholders remained a viable option for farmers in Gunungwungkal even when the
estimated stumpage price for logs at the final harvest was reduced by two-thirds. Moreover, the
results indicate that a smallholder could absorb higher costs of production and still have a
profitable forestry enterprise.
Returns to labour were estimated to be Rp 173,000 day–1 in sensitivity analysis, compared to the
daily labour rate of Rp 50,000 day–1 used in the financial analysis. This rate exceeds the minimum
wage for all workers at a district level, mandated annually by the Indonesian Federal Government,
which we calculated to be equivalent to a daily rate of Rp 79,182.
We tested the sensitivity of the results to a reduction in the annual maintenance costs by assuming
that the labour component was 10 person days year–1 rather that the base case of 20 person days
year–1. The NPV increased from Rp 37,363,000 ha–1 to Rp 43,426,000 ha–1 at a real discount rate of
8%, and the IRR from 15% to 16% for the investment.
We modelled the base silvicultural regime with no thinning. Thus, at the final harvest the total
volume was distributed over 950 trees rather than 440 trees. From the accumulated basal area of
the stand we estimated that the average tree size at final harvest was 17 cm for the no-thin
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plantation compared to 21 cm for the thinned plantation. We also assumed that at final harvest the
merchantable volume was 85% of the total volume for the no-thin stand. We then adjusted the
proportion of logs in each size class (Table 14) to estimate log volumes by size class and hence
revenue. Our assumption was that because 80% of the log volume in the thinned plantation was in
diameter size classes 20-24 cm and below, 80% of the log volume in the no-thin plantation would
be in diameter size classes 15-19 cm and below. We did not adjust the pruning costs as the effect
was found to be small.

Table 14 Volumes of teak logs by log diameter class at final harvesting at age 20 years for a
smallholder plantation managed under two silvicultural regimes
Log diameter (cm)

10-14

Proportion of volume
Volume (m3 ha–1)

35%
48

Proportion of volume
Volume (m3 ha–1)

20%
24

15-19
20-24
No-thin plantation
45%
17%
61
23
Thinned plantation
25%
35%
30
42

25-29

30+

Total

3%
4

0%
0

100%
136

16%
19

4%
5

100%
120

The result of the no-thin regime was that the NPV was halved, being reduced from Rp 39,408,000
ha–1 to Rp 19,872,000 ha–1 at a real discount rate of 8%, and the IRR reduced from 15% to 12%.

Summary of results
A summary of the financial outcomes for smallholder sengon and teak plantations we modelled is
presented at Table 15.

Table 15 Summary of financial outcomes for smallholder sengon and teak plantations
Parameter
Discount rate (real)
Rotation period (years)
Total volume harvested (m3 ha-1)
MAI (m3 ha-1 year-1)
NPV (Rp ha-1)
LEV (Rp ha-1)
IRR
Benefit–Cost ratio
Cash outlay (PV basis) (Rp ha-1)
Cash outlay excluding labour (Rp ha-1)
Return to labour (Rp day-1)

Sengon (thinned)
8%
6
135
22.5
14,218,000
38,444,000
20%
1.7
19,482,000
8,719,000
116,000

Teak (thinned)
8%
20
149
7.4
39,408,000
50,173,000
15%
2.6
22,869,000
6,871,000
173,000

Teak (not thinned)
8%
20
136
6.8
19,872,000
25,300,000
12%
1.9
22,869,000
6,871,000
112,000

The results of an IRR of 20% for sengon and 15% for teak that was thinned indicate that at our
discount, or hurdle, rate of 8%, both investments would be worth undertaking. [As would the teak
project without thinning, but for now we will focus on a comparison of the former opportunities.]
However, when the question is which of the projects is the better investment rather than are the
projects worth undertaking, the use of IRR as a selection criterion can lead to an incorrect choice.
The best financial alternative is the one that yields the highest present value at the investor’s cost
of capital (Gansner and Larsen 1969). The question of which of the projects is the better
investment applies to a decision between mutually exclusive investment options. Factors that
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make investment options mutually exclusive include the available land area, or available capital to
invest in forestry, meaning that only one project could be undertaken (Gregersen and Contreras
1979). Furthermore, when two or more mutually exclusive alternative projects that involve
different time or rotation periods are being compared, adjustments need to be undertaken to take
into account this difference, which can be done by calculating land expectation value (Gregersen
and Contreras 1979).
The issue is that when the problem is to decide between mutually exclusive investment
alternatives that have differences in the timing of cash flows, the IRRs to these options will not rank
them consistently with their present values, leading to conflicting results between the NPV and IRR
methods. This occurs because the NPV profiles will cross when graphed against discount rate
(Freeman 2013, Gregersen and Contreras 1979). We confirmed this for our results.
Accordingly, teak is a better financial alternative than sengon as it yields, as expressed by the land
expectation value, the greatest present value at the chosen discount rate. The analysis indicates
that 30% more money will be made by choosing the option to invest in teak (Rp 50,173,000 ha-1
versus Rp 38,444,000 ha-1).
The assumption of mutual exclusivity holds for any given situation involving the same resources.
For instance, the forestry alternatives analysed – sengon and teak – can be considered to be
mutually exclusive investments in the scenario where a smallholder only had sufficient land and/ or
capital to undertake one forestry project at a scale considered to be viable (e.g. sufficient volumes
of timber to attract buyers). In other words, the two alternatives could not be carried out at the
same time. On the other hand, if land and capital were not constrained, the forestry alternatives
could be considered to be independent in that both investments could be made at the same time if
the NPV was positive.
One of the barriers to adoption of community-based forestry for smallholders is the cost of
establishment of the forest and ongoing maintenance, and the relatively long investment period
compared to annual crops. With government and many organisations promoting and supporting
community-based forestry there is a willingness by many farmers to venture into planting their
own forests. It is apparent, however, that smallholders do not fully understand the cash outlays
required to successfully undertake forestry.
Smallholders are accustomed to planting annual crops where negative cash flows from
establishment and maintenance costs are resolved within a year at the end of each harvest. On the
other hand, investment in forestry requires a smallholder to carry a negative cash position for a
relatively long period.
To illustrate this, we charted the cumulative present value of a smallholder’s cash position over the
course of an investment in a sengon or teak forest (Figure 2). Given that most smallholders don’t
factor in their own labour in their own enterprises, we also charted the cash positions for the
common situation where farmers internalise their labour alongside the cash position for the use of
hired labour which was the base case for our financial analysis.
For smallholders who are able to carry out the establishment and maintenance of their forests with
their own labour, the cash outlays are significantly less than for those who use hired labour to plant
and maintain their forests. Nevertheless, for sengon, smallholders are subject to a negative cash
position until the final harvest at six years for both labour scenarios. For teak, however,
smallholders who internalise their labour realise a positive cash position at 12 years due to the
revenue from the thinning whereas those who use hired labour have to wait until the final harvest
at age 20 years to be cash positive.
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Figure 2 Cumulative cash flows (on a present value basis) for smallholder sengon (upper graph)
and teak using hired labour versus own labour [Note different vertical scales]
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Discussion
We focus our discussion on interpretation of the results of the models, how the models might be
used, and the key decision points for smallholder growers. We modelled an intensive silvicultural
system – fertilisation, weed control, thinning and pruning, but no use of fungicides or pesticides –
rather than a ‘plant and watch them grow’ attitude to silviculture that will not maximise the
productivity, quality, or value of the teak (Dieters et al. 2017) or sengon. The framework and
methodology provided can be used to model different silvicultural systems with log outturns
adjusted accordingly, to test smallholder preferences for investing in forestry. This could inform
individuals and group discussions about options for timber production and critical decision points
regarding the investment. Specific channels through which to disseminate the findings include
individual growers via the Master TreeGrower program being implemented in Indonesia (Reid
2017, Rohadi et al. 2018), partner organisations (e.g. District forestry staff), NGOs (e.g.
Trees4Trees™), and other supporters of smallholder forestry.
The results we present are not a recipe to follow but are illustrative of the potential viability of
sengon and teak for smallholders, keeping in mind the need to adapt management to local
commercial reality and individual needs and capabilities. As noted by Reid et al. (2015), almost by
definition the variability in site fertility, genetic material used, silvicultural techniques, competition
from crops and nearby established trees, and landholder objectives mean that for smallholders an
age-based guideline for the implementation of silviculture may not be appropriate.
Research over the past decade concluded that the greatest opportunity for enhancing farmer
returns lies in remedying poor silvicultural management, particularly the lack of effective pruning
and thinning (FAO 2019, Race and Wettenhall 2016). The use of planting material of better genetic
quality is also of importance as the difference in productivity between improved and unimproved
planting material can be quite large. Attention to initial spacing between trees and the timing and
intensity of thinning is essential as these factors are the most important silvicultural determinants
of tree growth and development in managed stands (Evans and Turnbull 2004). Choice of initial
stocking involves trade-offs between costs of establishment, weed control and pruning, and timber
yield and log quality. For example, lower stocking (i.e. wider spacing) may be cheaper to establish
and prune yet more expensive to weed; higher stocking more expensive to establish and prune but
cheaper to weed and likely to produce stands with smaller logs and less uniformity due to greater
inter-tree competition.
Smallholders often manage their timber plantations using poor silvicultural practices because of a
lack of capital to invest in teak management (Rohadi et al. 2012). Results from these models
developed in this research could be used to estimate the net benefits of capital investment in
improved silviculture, and the results of such modelling could inform a case to obtain finance for
such investment. Teak production requires relatively long periods of capital investment and robust
information on expected economic returns are essential for the wise use of capital. Knowledge of
the financial implications of harvesting plantations prematurely is important for growers with cash
requirements – that is, to understand the benefits foregone if plantations are harvested before the
optimum rotation age for the silvicultural system being applied.
Universally log prices were well correlated with log diameter. We modelled a sengon plantation
with a medium initial stocking and applied thinning to add value to the retained trees (increased
diameter) and to reduce variation in log quality compared to a stand that received no silvicultural
treatment. Our thinning regime provided a selection ratio of about one tree felled at the final
harvest for every three trees initially planted. As seedling material of better genetic quality
becomes available for smallholders, initial planting densities may be able to be lowered while still
producing high quality crop trees in the final harvest.
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For teak we modelled a stand with an initial stocking set at the level currently recommended for
smallholder plantations and applied pruning and thinning to grow high quality sawlogs. Sawmillers
and numerous observers report that the quality of teak grown by smallholders in Java and on other
Indonesian Islands is almost always lower than that sourced from professionally managed forests
and, as a result, the prices paid to smallholders are lower. The lack of effective pruning and
thinning are the most significant factors downgrading price and quality of logs produced by
smallholders (Reid et al. 2015). Our silvicultural system included two thinning operations. We
suggested that the first thinning could be a pre-commercial, or silvicultural thinning if there were
no ready markets for small-sized trees. We note that smallholder teak growers of Laos are
reluctant to remove trees without a financial return from the sale of the timber, and precommercial thinning is perceived as a waste of time and timber (Pachas et al. 2019b), and that in a
study in Gunungkidul most farmers viewed thinning as a loss of future income rather than
improving the quality and value of the remnant stand (Roshetko et al. 2013). These perceptions
highlight the importance of extension of our results to convince farmers of the merits of thinning.
Models (forest process and productivity models) are widely used in assessing options for
management of agroforestry and forestry systems (Sabastian 2012). Khasanah et al. (2015)
described the WaNuLCAS (Water, Nutrient and Light Capture in Agroforestry Systems) model, that
explicitly incorporates management options such as tree spacing, pruning and thinning regimes and
choice of species. This model requires a complex set of input parameters (e.g. climatic and soil
conditions, tree productivity parameters). Our simplified financial model provides a template for
smallholders to evaluate such management options using their knowledge growing conditions and
expected yields.
We assumed that the sengon logs would be used to manufacture wood panel products, which can
be made from small-sized logs. Final harvesting trees at the age of 5-7 years may lead to a high
proportion of juvenile wood in logs, with lower density and lower strength properties than mature
wood (Darmawan et al. 2013). However, juvenile wood is of little concern when manufacturing
such products as barecore and plywood. On the other hand, juvenile wood is an issue if logs are
processed for sawnwood and furniture industries. Managing sengon on longer rotations will
increase the proportion of mature wood and potentially the log value because of improved wood
quality making the timber suitable for such solid wood products as furniture, apart from any value
increases due to larger log size. Another advantage of longer rotations that produce larger-sized
logs is that there is less wastage of merchantable timber in the process of merchandising logs –
that is, cutting a felled and delimbed tree into logs destined for different products (e.g. plywood,
sawnwood) each having their own price and specifications for length, diameter, and defects. For
example, Kurinobu et al. (2007b) found that for sengon the volume loss in merchandising logs was
over 40% for trees with a diameter (measured 1.3 m above ground) of 20 cm, while it decreased
rapidly to reach less than 10% at a diameter above 25 cm. For teak in Central Java, log diameter is
used as a proxy for the amount of heartwood which is a main factor that determines the wood
quality of teak and hence the value of teak logs. Longer rotations are an important factor in
producing a large diameter logs with a higher proportion of heartwood (Fujiwara et al. 2018).
Further investigation is required to understand the significance of rotations longer than the 20
years we modelled for heartwood proportion and hence increased value of teak logs.
The results from our financial analyses of timber production by smallholders in Pati indicated an
IRR of 20% for growing sengon on a 6-year rotation, and an IRR of 15% for growing teak on a 20year rotation. Comparable results for smallholder timber production are 14% for a teak plantation
over a 20-year rotation in Java (Midgley et al. 2007a); 15-20% for teak plantations over an 11-year
rotation in Lao PDR (Maraseni et al. 2018); 19% for sengon plantations over a 5-year rotation in
West Lampung district, Sumatra (Herawati 2013); 24-35% for acacia plantations over a 5.5-year
rotation in Central Vietnam (Flanagan et al. 2019); and 36% for balsa (Ochroma pyramidale) over a
5-year rotation in Papua New Guinea (Midgley et al. 2010). Our result for teak suggests it is a viable
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option for good quality land, rather than mostly being established on degraded lands as is the case
in Java (Budiadi et al. 2017).
While for simplicity we modelled investment in sengon and teak as monocultures, we recognise the
rich diversity of smallholder agroforestry land management. The analytical approach we developed
could be readily used to model intercropping with staple commodities traditionally cultivated by
smallholders, with the benefit of early cash flow. Traditionally, teak plantations in Indonesia have
been planted in association with an agricultural crop which controls weed growth; once the trees
approach crown closure, the agricultural component becomes unviable and is moved to another
site (Midgley et al. 2007a). Siregar et al. (2007), for example, showed that a sengon-corn
agroforestry system in East Java was profitable for smallholders. If sengon or teak was established
using an agroforestry system, the trees would be planted at wider spacings than in our models to
allow for the production of agricultural crops, perhaps at densities in the range of 600-800 trees
ha–1. In agroforestry systems synergies are created – for example, management costs for fertilizers
and weeding for teak are associated with those for annual crop production (Roshetko et al. 2013).
Our analysis revealed long lag periods before the investments in sengon or teak became cash
positive. This adds to the pressure to harvest early or in some known cases for smallholders to
abandon their forests and return the land to annual crops. It highlights the benefit of bridging the
exposed period to forest maturity through agroforestry systems or other multi-year financing
facilities to maintain cash flow for smallholder families. Alternatively, the government and various
NGOs have offered free seedlings and planting materials to make community-based forestry more
attractive to a broader population. Without such facilities, community-based forestry is out of
reach for many lower income farmers.
Our farmer interviews indicated that some smallholders rent land to grow sengon. We were unable
to discover reliable estimates of commercial rates to rent land suitable for sengon or teak in the
study area. A somewhat dated reference (Midgley et al. 2007a) reported an annual land rental of
Rp 500,000 ha–1 for growing teak in Java over a 20-year rotation. An analysis of land prices in Jambi
district, Sumatra, from a survey of more than 700 farm households showed that the median market
prices for land in 2015 were Rp 25,500,000 ha–1 for plantation land, Rp 8,000,000 ha–1 for grass and
bush land, and Rp 4,900,000 ha–1 for forest land (Krishna et al. 2017)20. If we assumed plantation
land could be rented for 5% of its market value, the annual rent would be Rp 1,250,000 ha–1. If such
annual rentals were factored into our models, the investments in sengon or teak would remain
financially viable. This knowledge is important given that a threat to community and smallholder
forestry is the pressure to convert forest land to agricultural production (de Jong et al. 2016).
The results indicate that if sengon and teak plantations are established, managed and marketed as
modelled, the investment is profitable with earnings well in excess of the target rate of 8% real rate
of return. A flow-on is that the forestry enterprise could afford to pay wages of silvicultural workers
at rates similar to urban workers and well beyond the minimum district wage, making forestry
attractive to family labour compared to off-farm work, particularly for families with surplus labour.
We draw this conclusion from an analysis of trends in the Indonesian labour market which found
that urban and rural people have disparate labour market outcomes (Allen 2016). Specifically, in
2015, the average monthly wage of casual employees in agriculture was Rp 0.8 million, casual
employees not in agriculture was Rp 1.3 million, while regular employees earned Rp 2.1 million on
average. Allen (2016) held the view that ensuring that labour is able to shift from low-paying
agriculture jobs to higher paying jobs in the industrial and services sector is critical to boosting
incomes and labor productivity in Indonesia. We contend that if smallholders achieved the
potential of commercial forestry there would be a sizeable increase in rural income for tree
20

Plantation land was used almost exclusively to cultivate oil palm and rubber; grass and bush land was former
forest land where timber had already been extracted and was sometimes difficult to distinguish from degraded
forest; forest land was land where trees still existed (Krishna et al. 2017).
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investors and casual workers in rural areas, which would help to shift agriculture, in which 34% of
employed people work (Allen 2016), away from being a low-skilled, low-paying sector with a
diminishing workforce.
Matching of species to the biophysical characteristics of a site is a critical factor for the success of
forestry or agroforestry systems (Sabastian et al. 2018). The over-reliance on a few species can
limit forestry options in heterogenous landscapes (e.g. the study area), heighten the ecological risk
in the form of pest and disease impacts, and may increase the market risk as consumer preferences
change (e.g. from light-coloured to dark-coloured timber for appearance products). While the
results of this study apply to the concept of sengon and teak managed as even-aged monocultures,
the models we developed provide a framework for comparative analyses of the economic viability
of other tree species. This could include timber production from mango (Mangifera indica) and
jackfruit (Artocarpus heterophyllus) for processing into sawnwood which has become important for
smallholders in recent years (Maryudi et al. 2015).
The NPV for teak was nearly three times that for sengon at a discount rate of 8% (Rp 39,408,000
ha–1 versus Rp 14,218,000 ha–1), though the LEV indicated that in the long term (i.e. over perpetual
rotations), the returns from teak and sengon, being enterprises with significantly different
investment periods, were closer (Rp 50,173,000 ha–1 versus Rp 38,444,000 ha–1). However, these
results were sensitive to the discount rate – at 4%, teak would clearly be the most profitable
investment whereas at 12%, the profitably of teak and sengon was similar, as indicated by LEV.
When discount rates are large, cash flows further in the future affect NPV less than when rates are
small; thus, revenues at 20 years in the future for teak have less impact on the NPV and LEV for a
discount rate of 12% versus 8% while the change in discount rate has no impact on the
establishment costs of the plantation incurred in year 0.
Household surveys in 2013 and 2015 in Pati showed that smallholders across all wealth categories
(low, medium, high) were investing in forestry, though the data did not identify the type of forestry
(Race at al. 2019). In making land-use decisions involving forestry, a relatively young cohort
working off-farm might prefer a long-rotation species because the cash flow might suit their longterm income needs (e.g. superannuation), the investment could build a family legacy, and the
species (teak) is likely to have both demand and price upside due to its global recognition and
diminishing supply from traditional sources. Such investors might consider engaging professional
management that aggregates plantation resource to achieve better product and market returns. By
contrast, sengon has the appeal of being a short rotation investment and having a domestic
demand that does not appear to be abating in the short-term. Farmers are ageing, which reinforces
why forestry might be an attractive land use; older farmers might consider sengon to be a more
realistic prospect due to the lower silvicultural inputs and because it is not beyond their time
horizon which might not be the case for teak. Moreover, a household with constrained household
labour or cash to hire labour might choose a less intensive regime, with the likelihood of lower net
profit from the tree crop.
Smallholders are seeking more off-farm income (Race et al. 2019). Forestry appears to provide an
opportunity to the increasing proportion of entrepreneurial smallholders who are supplementing
income from off-farm sources, due to the lesser intensity of management over the growing period
compared to agricultural crops. Given our results that indicate that forestry is a feasible
investment, we argue that it is not a diminishing prospect for smallholders.
While the models we developed indicate that forestry can be profitable for smallholders, successful
and sustainable development of regional forestry can be limited by a lack of scale, recognising that
the scale for sustainable land use can vary considerably depending on the location, markets and
capacity of growers. We believe that the ‘community plantation forestry’ (HTR) program offers a
unique opportunity to develop commercial sengon and teak forests at scale on land with a low
opportunity cost, underpinned by government policy, commitment and resources. The models we
41

developed could be used to plan and implement such investment to make HTR workable at a
regional level. Since the land is state-owned and there is a Central Government policy decision to
develop designated parts of the land base for community-based commercial forestry, we argue
that the opportunity cost of such land is negligible and hence no land rental would need to be
factored into the investment model. This would create a necessary momentum shift in communitybased commercial forestry, given that increasing demand for timber has emphasised the need for
commercialization of smallholder forestry in Indonesia (Maryudi et al. 2015).
We have illustrated at Annex 5 how professional forestry management and coordination might be
applied to implement a project supported by the HTR program. This approach offers a different
paradigm – a dedicated team of professionals working for the local community, while the
community and government can be assured of expert and timely management – a common
shortcoming of smallholder forestry. A consolidated estate would overcome the issue of an
inconsistent supply of small quantities of logs of various species and grades, as is often found in
smallholder forestry (Race and Wettenhall 2016). The program would directly enhance regional
economic development as smallholder commercial forestry became more reliable and sustainable.
In effect the forestry manager would be carrying out the traditional role of middlemen in marketing
the timber but working solely in the interests of growers in negotiating sales agreements with
wood buyers. Higher production costs per unit of wood produced in smallholder forests has been
cited as the main reason for why smallholder timber growing may prove less competitive than
larger, industrial forestry (Maryudi et al. 2015). We argue that the approach we advocate should go
some way to bridging the gap between the unit costs of timber production for community and
industrial forestry.
Scale, coordination and professional management would facilitate viable voluntary certification of
community-based commercial forestry under the internationally recognised Forest Stewardship
Council scheme, which otherwise is proving difficult for small, discrete plantings (Stewart et al.
2015b). Such certification provides an independent view of the social acceptability and ecological
sustainability of the forests under management.
For a range of reasons, community forestry practitioners and researchers have largely ignored the
role of sound silviculture in community-based commercial forestry. Importantly, the silviculture
needed for this type of forestry to produce the range of goods and services that smallholders and
communities require may be quite different from that applied in large-scale industrial forestry (FAO
2019). In the implementation of the HTR program, government has a critical ongoing role in
conducting such research to underpin best practice.
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Limitations of the study
The study has a number of limitations. Caution needs to be exercised in using the results of the
projected financial estimates that are based on data and assumptions about current costs and
prices.
The study is an analysis of smallholders in a particular region of Central Java. Caution must be
exercised when extrapolating results to conditions that are very different from those of the study
area (FAO 2001).
The study developed silvicultural regimes and growth and yield tables for sengon and teak drawing
on empirical data, interviews with smallholder growers and expert opinion. Achievement of such
yields in future plantations will depend, inter alia, on the financial capacity and technical capability
of growers to implement similar regimes, and on the growing conditions throughout the rotation
period. Caution should be exercised when extrapolating the results to a large scale or to different
regions.
Prices for sengon and teak logs were gleaned from industry sources and apply to the marketing
chains and demand that exists today. Teak is a global commodity used for specific purposes which
limits possible substitutes (Maraseni et al. 2018); whereas sengon is less so. The analyses
conducted in this study assumed no real increase in log prices for these two species. However,
shifts in local, regional and global supply and demand may impact future prices to the extent that
they will be materially different, in real terms, to the prices used in this study. Tax was not factored
into the analyses.
We modelled the financial returns over perpetual rotations to calculate the land expectation value
(LEV) to provide a better comparison of returns from the two species studied that had a large
difference in investment period (6 versus 20 years). Our assumption was that the same silvicultural
system and tree performance would apply for each rotation and that the values of all costs and
revenues are identical for all rotations. We recognise that in practice this may not be the case.
However, as noted by Harrison and Herbohn (2008), while the performance of successive rotations
will in fact differ, the assumption of identical rotations is usually a reasonable approximation for
the calculation of LEV.
Commercial forestry projects that are long-term investments are subject to many other risks not
explicitly factored into the analyses. Such risks include but are not limited to the following:
biological and physical risks such as drought, fire, flood, other climatic extremes, insect and pest
damage and disease; real and nominal movements in costs relating to growing, harvesting, and
haulage of logs; changes in Government legislation that affect the viability or profitability of the
investment or the right to harvest the timber products; and sovereign risks associated with
Government policy on export of logs and products.
In our analysis we did not factor in the costs of compliance with the Indonesian Timber Legality
Verification System, known as SVLK (Sistem Verifikasi Legalitas Kayu). SVLK was introduced
progressively from 2013 and aims to ensure that all wood in Indonesian market systems is
harvested, transported, processed, and traded in accordance with national laws. Research into
smallholder grower value chains in East Java revealed only a small proportion of growers and
primary processors were SVLK-verified and that there were specific and systemic issues with
implementation of the regulation (Susilawati et al. 2019). A similar situation is likely to exist in
Central Java, and we had the view that reliable estimation of the costs of SVLK compliance by those
smallholders who followed the compliance route rather than seeking the exemptions that can
apply to small-scale actors, would be difficult and would not add materially to the results
presented.
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Conclusions
A study was undertaken to develop financial models to inform smallholder tree growers of the
relative economic benefits of growing sengon and teak in the Pati district in the Central Java
province. Drawing on literature, results from semi-structured interviews, case studies, and expert
panels, we developed financial models for sengon grown on a short rotation of 6 years and teak
grown on a relatively long rotation of 20 years.
Our models were informed by the results of inventory of sengon and teak plantations in the
Gunungwungkal subdistrict, Pati which indicated a productivity (mean annual increment or MAI) of
19-21 m3 ha–1 year–1 for 5-6-year-old sengon and 7 m3 ha–1 year–1 for 12-year-old teak. This data
assisted in filling a knowledge gap of publicly available information on the range of productivity of
stands in smallholder forestry in specific ecosystems in Asia. In a separate study of the harvesting
of a smallholder sengon plantation aged 5.6 years we gleaned important information on the MAI of
merchantable timber, the stumpage prices by log grade paid by a middleman to the grower, and
the harvested log volumes by size classes.
The main features of the silvicultural system we developed for sengon were a medium-density
initial stocking (1667 trees ha–1), form pruning, two commercial thinnings and a rotation age of 6
years. For teak we developed a silvicultural system aimed at producing high-quality teak sawlogs on
a rotation period that while much longer than that of sengon, could be appealing to smallholder
entrepreneurs. The silviculture included singling and form pruning, pruning to improve log quality,
two commercial thinnings (at ages 6 and 12 years) and a rotation period of 20 years. Seedling trees
were planted at a spacing of 3 m x 3 m, providing an initial stocking of 1111 trees ha–1. Both
plantations were fertilised with a mixture of manure and inorganic fertiliser and we assumed that
all weed control would be carried out by manual slashing to avoid the risks associated with
chemical usage.
We used a variety of techniques and data sources to estimate the development of the plantations
(diameter and height growth) and volume production for the duration of the rotations, and the
merchantable volumes of timber at each harvest. For sengon the total volume production of
merchantable wood was 135 m3 ha–1, equivalent to a MAI over 6 years of 23 m3 ha–1 year–1. The
silvicultural regime for teak resulted in a total production of merchantable wood of 149 m3 ha–1,
equivalent to a MAI over 20 years of 7 m3 ha–1 year–1. Prices for teak logs in particular were difficult
to ascertain as there are no standard stumpage prices for teak logs grown by smallholders, nor is
there a central pricing system. Furthermore, there are multiple collectors and traders of teak in
most regions and transaction costs vary greatly from location to location. We used price
information from a range of sources to estimate revenues from harvesting.
Production costs, drawn on information from a number of sources, were categorised, unit costs
estimated and costs per ha calculated. We assumed that all labour used was hired labour and that
the daily cost of hired labour was Rp 50,000. The analysis did not include the cost of land (either its
capital cost or rental value).
The results indicated that the smallholder sengon plantation we modelled on a 6-year rotation was
a profitable enterprise with an estimated NPV of Rp 14,218,000 ha–1 at a real discount rate of 8%.
The internal rate of return (IRR) was indicated to be 20% for the investment. The comparative
results for teak modelled on a 20-year rotation were an NPV of Rp 39,408,000 ha–1 at a real
discount rate of 8%, and an IRR of 15%.
The NPV for teak was nearly three times that for sengon at a discount rate of 8% (Rp 39,408,000
ha–1 versus Rp 14,218,000 ha–1), though the LEV indicated that in the long term (i.e. over perpetual
rotations), the returns from teak and sengon, being enterprises with significantly different
investment periods, were closer (Rp 50,173,000 ha–1 for teak versus Rp 38,444,000 ha–1 for
sengon). These results were sensitive to the discount rate – at 4%, teak would clearly be the most
44

profitable investment whereas at 12%, the profitably of teak and sengon was similar, as indicated
by LEV. These results illustrate the utility of calculating land expectation value and testing its
sensitivity to discount rate when evaluating alternative forestry investments that have markedly
different rotation periods.
Where sengon is commonly grown, benefits flow relatively quickly (within 6 years) whereas where
teak is the dominant species grown by smallholders, the economic impact for farmers from the
investment takes longer to become apparent. Our results indicated that at a real discount rate of
8%, teak was the better investment in pure financial terms; moreover, our market research
suggests there is potentially more upside in future prices for teak logs than those of sengon, which
could make teak an even more attractive investment in the long run.
Achieving a positive financial return from thinning operations per se had little impact on the overall
profitability of the investments yet thinning was an important silvicultural operation to produce
logs of better quality at the final harvest. This point was illustrated when we modelled the base
silvicultural regime for teak with no thinning. Although both regimes produced a similar amount of
merchantable timber, at the final harvest the no-thin regime had about twice the number of trees
meaning that logs were smaller in diameter and therefore less valuable per cubic metre. The result
was that the NPV of the no-thin regime was half that of the thinned regime, providing a strong
financial incentive for smallholders to invest in intensive silviculture when growing teak.
In the absence of market price signals for pruned and unpruned logs for sengon, we tested the
proposition that pruning would be a profitable investment for sengon by calculating the increase in
log revenue at the final harvest required to break even with the cost of pruning. The analysis
showed that for pruning to be profitable at a real discount rate of 8%, the average stumpage price
of logs at final harvest would need to increase by 5%. Given the small premium in log price required
to break even, and that a smallholder could apply their own labour to the activity, the result
suggests that investment in pruning would be a low risk decision.
Our results support the widespread view that the greatest opportunity for enhancing smallholder
returns from forestry lies in remedying poor silviculture, particularly the lack of effective pruning
and thinning, to realise the potential of timber production under management systems informed
by contemporary technical knowledge of timber production in plantations.
Our research confirmed the prevalence of the long-standing issue of poor understanding by
smallholders of markets and a lack of transparency related to log prices and stumpages in
particular. From our market research we were more confident about our price assumptions for
sengon logs than teak logs so were more conservative in our estimates for the latter. Sensitivity
analysis indicated that the break-even stumpage price for logs produced at the final harvest for
sengon was equivalent to 55% of the average stumpage price assumed for the financial model; for
teak it was 25%. These results indicate that the smallholders could accept a much lower selling
price for logs at the final harvest than we estimated yet still make a profit when growing sengon or
teak at the chosen discount rate. In other words, the analyses indicate that production of sengon
or teak by smallholders remained a viable option for farmers in the Gunungwungkal subdistrict,
Pati even with considerable downward movement in the assumed stumpage prices for logs at the
final harvest.
The cost of plantation establishment varied for sengon and teak due to differences in the
silvicultural system. For sengon and teak, plantation establishment costs (incurred in year 0)
accounted for 60% and 44%, respectively, of total growing costs over the rotation (on a present
value basis). Labour was about 45% of the establishment costs and we assumed labour to comprise
all of the annual maintenance costs. Returns to labour were estimated to be Rp 116,000 day–1 for
sengon and Rp 173,000 day–1 for teak in sensitivity analysis. These rates exceed the minimum wage
for all workers at a district level. The results imply that labour, a primary asset of family farms, used
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in smallholder forestry could generate, over the long term, earnings that would be competitive
with agricultural work and with external employment options.
Some smallholders rent land to grow sengon. In the absence of reliable estimates of commercial
rates to rent land suitable for sengon or teak in the study area, we calculated annual equivalent
returns (AER) for sengon and teak as Rp 3,075,000 ha–1 and Rp 4,013,000 ha–1, respectively. The
AER is equivalent to the break-even annual land rental for crop production; that is, a smallholder
could rent land for forestry at these rates and make a real return on capital invested of 8% over the
life of the respective projects. These results provide an approach to guide smallholders considering
the options of renting or buying land for forestry.
Our results are not intended to provide a prescriptive approach to smallholder production of
sengon or teak. The purpose is to illustrate the potential viability of these species as an investment
for smallholders, who will use their own circumstances in decision making about such matters as
scale, species choice, the intensity of silviculture, the use of agroforestry systems, the use of family
or hired labour, and so on.
This research has provided knowledge to inform investment in sengon and teak production – both
major industries in Central Java. The results from this study can be used to apprise and train
smallholders about the benefits of better silviculture to achieve the full potential of growing
sengon and teak, through improved tree growth and the production of logs of better quality and
hence higher value. The framework presented here could be used to assist smallholders widen
their scope by analysing other forest species commonly cultivated by communities. Moreover, the
results provide smallholders with an approach to compare the benefits of small-scale tree growing
for commercial timber production to other commodities using the same resources of land and
capital. However, we caution that we found great variability of field-level data within and across
locations and over time, highlighting the localised nature of smallholder forestry in Indonesia and
the importance of conducting analyses within the context of local situations.
Results from this research provide a strong analysis of how contemporary forestry practices can be
profitable for smallholders in Indonesia. Sengon and teak production presents an opportunity for
smallholders to participate in an industry with a positive outlook – demand for the timber is
buoyant, there is a culture in Indonesia of smallholder forestry, and the government is placing
priority on facilitating smallholder involvement in commercial timber production. In our opinion
the ‘community plantation forestry’ (HTR) program offers a unique opportunity to develop
commercial sengon and teak forests at scale on state-owned land with a low opportunity cost,
underpinned by government policy, commitment and resources. We have illustrated how
professional forestry management and coordination might be applied to implement the HTR
program. This approach offers a different paradigm and could create a necessary momentum shift
that would directly enhance regional economic development as smallholder commercial forestry
became more reliable and sustainable.
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Annexes
Annex 1. Study area
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Annex 2. Sengon tree volume
Height-diameter relationship for sengon (Krisnawati et al. 2011)
H = 1.3 + 31.027720 (1 – exp (–0.034125 * D))0.853808
where H is total tree height (metres) and D is diameter (centimetres) at 1.3 metres above ground.

Sengon tree volume table for the Gunungwungkal Forest Management Unit, Pati
Diameter (cm)

Tree volume
(m3)

Diameter (cm)

Tree volume
(m3)

Diameter (cm)

Tree volume
(m3)

10
11
12
13
14
15
16
17
18
19

0.0430
0.0539
0.0663
0.0801
0.0954
0.1124
0.1309
0.1511
0.1730
0.1966

20
21
22
23
24
25
26
27
28
29

0.2220
0.2492
0.2782
0.3090
0.3418
0.3764
0.4131
0.4517
0.4923
0.5349

30
31
32
33
34
35
36
37
38
39

0.5796
0.6264
0.6752
0.7263
0.7794
0.8348
0.8923
0.9521
1.0142
1.0785

Source: Rohadi et al. (2018, Table 6). Diameter is measured at 1.3 m above ground. These are assumed
to be recoverable volumes from harvesting.
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Annex 3. Equations for financial analysis
To calculate the net present value of the forestry system over perpetuity, NPV∞, the net present
value for a rotation, NPVR, is treated as a constant periodic income that is received each rotation:

where r is the discount rate and T is the rotation period (years).

The annual equivalent return, AER, is then calculated from the net present value over perpetuity,
NPV∞, as:

The annual equivalent return from forestry can be compared with the profit at full equity from
agriculture to determine the profitability of the forestry system relative to the current agricultural
land use.

Source: Polglase et al. (2008).
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Annex 4. Results from semi-structured interviews, Pati district
Smallholder farmer profile (N = 10)
 Average family size of 4.2 persons (range 2-6)
 Median age cohort of family members who identified as spouse or farmer: female = 4145, male = 46-50
 Seven out of the 10 families had family members who worked on the farm
 Nearly all families (90%) bought rice; only one family was self-sufficient in rice
 70% of families owned all of the land on which they farmed and grew sengon
 Eight farmers owned land; average area = 0.63 ha, range = 0.11-1.60 ha
 One farmer who owned land also grew sengon on 1.0 ha in a profit share
 Two farmers rented land to grow sengon; one at 0.1 ha, another at 0.5 ha
 Total land rented – 8% of total land; total land used for profit share – 13% of total land;
total land owned – 79% of total land
 Total land use was:
o 46% pure sengon
o 29% pure crops
o 25% mixture of sengon and crops

Smallholder practices for growing sengon (N = 10)
 The crops planted on the land before sengon was established were (N = 9): cassava (n =
1), rice and teak (n = 1), durian (n = 1), yam (n = 3), and coffee (n = 3)
 90% of farmers had tried to grow food crops together with sengon in agroforestry
systems; seven farmers were successful and continued to grow crops (cassava, yams,
coffee, ginger, banana) with sengon. Unsuccessful crops grown with sengon were chilli,
peanut and corn
 Farmers chose to plant sengon on the land for the following reasons (N = 9): for a longterm investment (n = 1); because sengon was easy to grow (n = 1); to shelter a coffee
crop (n = 3); because the land was suited to sengon (n = 4)
 All farmers established sengon using seed or seedlings, not stumps
 Sengon plantings (from seedlings) ranged in age from 1-5 years
 Planting density was 2 m x 2 m (2500 trees ha–1) or 2 m x 3 m (1667 trees ha–1)
 Total number of trees planted by all farmers = 5350
 Overall sengon survival at May 2018 was 71% (range 60 to 74%)
 Average cost of seedlings was Rp 1930 / seedling (range Rp 800 to Rp 4000)
 Labour to plant was highly variable (range 8-210 seedlings person–1 day–1)
 Average labour hire rate was Rp 47,860 person–1 day–1 (range Rp 10,000-80,000 person–1
day–1)
 90% of farmers had thinned, or planned to thin their sengon

Smallholder practices for harvesting and marketing sengon (N = 10)








Trees would be harvested between ages 5-7 years
One-third of farmers would harvest trees at a time to meet family needs (e.g. schooling)
Nearly all farmers (80%) planned to sell to a middleman
One farmer planned to sell to a processor; one was unsure who would buy
Only one-third of farmers had any knowledge of log specifications in the market
Nearly all farmers (80%) planned to sell all their trees at harvest time (i.e. clear cutting).
Most farmers planned to sell their Sengon by land area; some will sell by number of trees
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Annex 4 (continued) …
Responses from village leaders (N = 3)
Item

Gulangpongge

Gunungwungkal

Families in the village

622

1400

1062

People in the village

2306

4646

3055

Gender (M / F)

Gunungsari

48.5 / 51.5

50 / 50

50 / 50

Village age (years)

More than 100

143

More than 100

Youth (>18 yrs) working on farms

Low

30%

30%

Government extension services

Farmer Group

Farmer Group

Farmer Group

Fruits commomly consumed

Durian, Guava, Pomelo

Durian, Mango, Mateo,
Mangosteen

Durian, Duku, Avocado,
Mangosteen

Families with sengon plantations

67 (11%)

Area of sengon plantations (ha)
Average area of sengon / family (ha)

700 (50%)

334 (31%)

42

100

150

0.63

0.14

0.45

Land used for sengon

Best & marginal land

Best land

Family roles in growing sengon

Male > Female

Male and Female equal Male and Female equal

Reasons for planting sengon

Increased income,
children benefits

Increased income,
children benefits

Sources of market information

Middleman

Middleman

Protect land from
erosion, coffee shelter,
increased income,
Middleman

Unit of wood sales

By land

By land & volume

By land & volume

Measurements of trees or logs

Log buyer

Log buyer

Log buyer

Pricing

Negotiation between
buyer & farmer

Negotiation between
buyer & farmer

Negotiation between
buyer & farmer

Competition for Sengon wood

Several buyers in the
village

Several buyers in the
village

Several buyers in the
village

Sengon used for local construction

No

Yes

Yes

Challenges with growing sengon
Information to make sengon more
profitable

Best & marginal land

"Trees growth in this period is worse than last period."
Plantation management Pests and diseases of
Market
sengon
price
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Annex 4 (continued) …
Response from log buyer, Gunungwungkal subdistrict (N = 1)
Main species purchased

Sengon

Basis of timber sale

Sold by land area, or by trees

Point of timber sale

Standing trees (i.e. stumpage)

Log specifications

Log grade comprises length, diameter, defect and shape
Length

100-130 cm

Diameter intervals (cm)

Length

6-7

8-9

10-14

15-19 20-24 25+

30-39

40-49 50-59

200-260 cm

Diameter intervals (cm)

20-25 25-29

Method of determining log prices

Rp per tree or Rp per standing trees on a unit of land

Volume of timber purchased

1,500 m–3 year-1

Response from harvest and transport operator, Gunungwungkal subdistrict (N = 1)
Type of operation

Preparation, felling, skidding, transporting

Load capacity of truck

12 cubic metres (trees cut, skidded and loaded in one day)

Wages for chainsaw operator

Rp 200,000 per truck load

Rent of chainsaw

Rp 100,000 per truck load

Fuel for chainsaw

Rp 50,000 per truck load

Wages for skidding logs

Rp 125,000 per truck load

Meals and cigarettes

Rp 200,000 per day

Timber transport document

No charge

Cost of truck

Rp 1,200,000 per load

Distance to mill

Temanggung, 150 km from Pati

Results
Felling and skidding logs

Rp 56,250 m–3

Transporting logs to factory

Rp 100,000 m-3

Total cost

Rp 156,250 m-3
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Annex 4 (continued) …
Response from log processors (N = 3)
Processor A – Sengon log prices at the mill (factory) gate
Grade

Length (cm)

Diameter (cm)

Price (Rp per cubic metre)

B

100-130

10-15

650,000

B

100-130

18+

750,000

A

100-130

19+

900,000

A

200-260

25+

1,000,000

Diameter is two cross measures on the small end, averaged.

Processor B – Sengon log prices at the depot gate
Grade

Length (cm)

Diameter (cm)

Price (Rp per cubic metre)

B

100-130

10-14

500,000

B

100-130

15-18

600,000

B

100-130

19+

700,000

A

100-130

19-24

900,000

A

100-130

25+

1,000,000

A

200-260

28-29

1,100,000

A

200-260

30-39

1,200,000

A

200-260

40-49

1,300,000

A

200-260

50+

1,400,000

Diameter is two cross measures on the small end, averaged.

Processor C – Teak log prices at the depot gate
Grade

Length (cm)

Diameter (cm)

Price (Rp per cubic metre)

Universal

100-200

20-30

3,800,000

Universal

100-200

30-40

6,500,000

Universal

100-200

40-50

9,500,000

Universal

100-200

50+

Special pricing

Diameter is two cross measures on the small end, averaged; the preferred log size for teak is 200
cm length, 40 cm diameter.
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Annex 5. Implementation of smallholder forestry with HTR support
Smallholder forestry and the HTR program: A way forward
The financial models presented above indicate a considerable margin for smallholders to profitably
grow timber trees for existing commercial markets. We think there remains an untapped potential
to draw on the Indonesian government’s HTR program to support the widespread expansion of
smallholder forestry on state-owned land leased by communities. However, the current
institutional arrangements and community capacity erode the incentive for smallholders to actively
participate and invest their resources in commercial forestry operations in state-owned land. If
smallholders were able to engage a professional management team under eligible arrangements to
participate in the HTR program, then smallholder forestry on state-owned land could provide a
considerable and sustained income stream to the participating communities. By engaging a
professional management team, commercial forestry on HTR land could achieve economies of
scale, professional advice and timely silviculture, efficient administration and group certification,
and negotiation strength in the marketplace that individual smallholders often lack.
Key elements of a coordinated program are:
 Indonesian Government makes land available (30-year lease) within the national forest /
land estate for communities to establish commercial forestry of approved species (can
include agroforestry);
 Large parcels of mapped land with secure tenure are available at a provincial level; and
 Indonesian Government through the MoEF makes low-interest loans available to
communities to implement approved projects.

Proposed structure for implementation of HTR
Smallholder
forest owners /
Farmer group

Delegated
management and
marketing

Forest manager

Negotiated
marketing contracts

Market (depot,
factory-gate)

Premium returns achieved via professional forest management
The results from the economic modelling (sengon and teak) indicate that smallholder forestry can
be a highly competitive (profitable) land-use; but to be a successful business on state-owned land
on a sustained basis it will need to be ‘professionalised’ – greater coordination so all administration
and permits are understood and compliant, silviculture is efficient and timely, quality control of
plant material and silvicultural operations (e.g. no branch stubs after pruning, minimal damage
with thinning operations), and a focus on optimum tree performance (e.g. quick response to pest
and disease control, tree nutrition).
The HTR program offers a great opportunity for smallholders to have direct equity (ownership) of
highly profitable community-based commercial forestry (CBCF) businesses, without having to
become professional foresters. The pathway is to engage a forestry manager to establish, manage
and market a consolidated resource on behalf of smallholder shareholders. This would overcome
the lack of formal management and planning systems identified for privately owned smallholder
forests in Indonesia (Fujiwara et al. 2011).
Role of forest manager
The forest manager would be a legal entity and would be contracted by the growers via a written
legal agreement to manage the administration, establishment, tending and marketing of the
plantations.
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The specific tasks would include:

















Assessment and evaluation of land
Development of a business case for forestry investment
Preparation of management plans (updated at least annually)
Preparation and management of annual budgets for capital and operating expenses
Establishment and management of plantations
Preparation of utilisation plans (updated at least annually)
Valuation of forest resources
Management of harvesting
Negotiation of sales contacts in competitive markets
Management of sales contracts (harvesting prescriptions, log grading, delivery of logs,
volume reconciliation, regulatory compliance, dispute resolution)
Due diligence on log revenues
Distribution of net revenues to growers / community
Management of external contractors (roading, silviculture, etc)
Management of forestry certification
Development and maintenance of stakeholder relationships (i.e. neighbourhood and
wider community (off-site) impacts are considered in project design and management)
Regular reporting to growers / community

In effect the forest manager would perform the services traditionally provided by smallholders
(planning, site preparation, planting, silviculture), log traders (market broker, or middlemen), and
more. We recognise that log traders play an important role, as explained by others (Race et al.
2009; Perdana and Roshetko 2015) – they consistently search the marketplace to link the supply
and demand, perform various grading functions, and serve to minimise and facilitate the number of
contacts in the distribution system along the market chain. Also, there is currently a complex
regulatory process for smallholders to follow before they can legally trade their forest products,
which discourages smallholders from engaging directly with forest markets. Our view is that a
forest manager could provide these services and provide greater net revenue to smallholders, or
community, as the primary shareholders.
Remuneration of the forest manager
Remuneration of the forest manager could be done various ways. A preferred approach would be
one in which the growers and the forest manager agree on an annual basis to a budget that has the
estimated direct costs (including the wages and operating expenses of the forest manager) for all
activities under the agreed management plan. This is an ‘open book’ approach with complete
transparency between the parties. If the forest management entity had other business outside the
project, the approach could be ‘cost plus’ in which the annual budget would also include a fee (e.g.
Rp ha–1 for plantations established, or under management) to provide a profit to the entity. The
forest manager could choose to engage growers as silvicultural workers at agreed rates.
A successful project could develop sufficient timber resources to achieve the critical mass of supply
to support a local processing industry, or the critical mass of logs to attract multiple log buyers,
thus creating a competitive market and better prices for logs sold domestically or to export
markets.
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Contextual element of the project
The contextual elements that need to be considered in such a project are illustrated below:

Skills required of forest manager

Skills required of forest manager








Project management
Administration / legal / accounting
Forest science
Geographic information systems
Forest operations
Stakeholder engagement
Commercial sales of forest products

HTR program with sengon
This scenario assumes that the forest manager establishes a fixed area each year – say 1000 ha –
and adds management personnel as the estate grows to its final size, say 6000 ha over 7 years
allowing the first year for planning. This creates an even series of age classes and a regular annual
harvest volume once the plantations established in the first year reach rotation age. The estate
would be developed as follows:
Year

Establish (ha)

Area under management (ha)

0
1
2
3
4
5
6

Planning
1000
1000
1000
1000
1000
1000

1000
2000
3000
4000
5000
6000

Harvest trees planted in year 1 at age 6 years, replant and continue the cycle

A major benefit of this model is that local communities are more likely to see the revenue
optimised by a coordinated and professional approach (experienced, skilled and timely
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management) to commercial forestry, involving the negotiation of transparent supply
arrangements and sales contracts, and the better segregation of logs into products (e.g. plywood,
lumber, pulp wood) that maximise the benefits to smallholder shareholders. This model indicates
that professional management of the forest resource will achieve a higher return that exceeds the
cost of management, than if smallholder growers take an ad hoc approach to forestry. Under this
scenario the HTR program is more likely to achieve its triple goals: reforestation, increased
smallholder income and local/regional economic development.
The total area covered by the HTR could be larger than just the commercial forest area, with
smallholders being responsible for managing annual and/or cash crops that complement the
timber production operations. For example, forest area + annual crop area (e.g. cassava) + cash
crop area (e.g. coffee) = total area of HTR.
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