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THE REPOSA PROJECT

The Research Program on Sustainability in Agriculture (REPOSA) is a cooperation between
Wageningen Agricultural University (WAU), the Center for Research and Education in Tropical
Agriculture (CATIE), and the Costa Rican Ministry of Agriculture and Livestock (MAG). In
addition, REPOSA has signed memoranda of understanding with numerous academic,
governmental, international and non-governmental organizations in Costa Rica.

The overall objective of REPOSA is the development of an interdisciplinary methodology for
land use evaluation at various levels of aggregation. The methodology, based on a modular
approach to the integration of different models and data bases, is denominated USTED (Uso
Sostenible de Tierras En el Desarrollo; Sustainable Land Use in Development).

REPOSA provides research and practical training facilities for students from WAU as well as
from other Dutch and regional educational institutions.

REPOSA's research results are actively disseminated through scientific publications, internal
reports, students' thesis, and presentations at national and international conferences and
symposia. Demonstrations are conducted regularly to familiarize interested researchers and
organizations from both within and outside Costa Rica with the USTED methodology.

REPOSA is financed entirely by WAU under its Sustainable Land Use in the Tropics program,
sub-program Sustainable Land Use in Central America. It operates mainly out of Guapiles
where it is located on the experimental station Los Diamantes of MAG.

EL PROYECTO REPOSA

REPOSA (Research Program on Sustainability in Agriculture, o sea Programa de
Investigacion sobre la Sostenibilidad en la Agricultura) es una cooperacion entre la
Universidad Agricola de Wageningen, Holanda (UAW), el Centro Agrondémico Trépical de
Investigacion y Ensefianza (CATIE) y el Ministerio de Agricultura y Ganaderia de Costa
Rica (MAG). Ademas REPOSA ha firmado cartas de entendimiento con organizaciones
académicas, gubernamentales, internacionales y non-gubernamentales en Costa Rica.
REPOSA ha desarollado una metodologia cuantitativa para el analisis del uso sostenible
de la tierra para apoyar la toma de decisiones a nivel regional. Esta metodologia, llamada
USTED (Uso Sostenible de Tierras En el Desarollo) involucra dimensiones econdémicas y
ecoldgicas, incluyendo aspectos edafolégicos y agronémicos.

REPOSA ofrece facilidades para investigaciones y ensefianza para estudiantes tanto de la
UAW, como de otras institutiones educacionales holandesas y regionales.

REPOSA publica sus resultados en revistas cientificas, tesis de grado, informes
informales, y ponencias en conferencias y talleres. REPOSA regularmente organiza
demostraciones para investigadores de Costa Rica y de otros paises para familiarizarios
con la metodologia USTED. v
REPOSA es financiado por la UAW bajo su Programa del Uso Sostenible de la Tierra en
los Areas Tropicos. La sede de REPOSA esta ubicada en la Estacion Experimental Los
Diamantes del MAG en Guaépiles.
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PREFACE

The work presented in this report took place within the framework of the Rescarch Program on
Sustainability in Agriculture (REPOSA), a joint program of Wageningen Agricultural Univcrsity
(WAU). the Netherlands, the Tropical Agriculture Research and Graduate Education Center
(CATIE). Costa Rica. and the Costa Rican Ministry of Agriculture and Livestock (MAG). It served to
fulfill the Master thesis requirements of my study in forestry economics at the forestry department of
Wageningen Agricultural University, The Netherlands.

In many aspects, this study is a pilot study on production and economics of Costa Rican tcak
plantations. Its results can be generally be applicd at a high integration level to Costa Rican teak
plantations in general. Future research, especially on teak growth and timber prices, can be
incorporated in the model presented in (his paper. This will largely enhance forecasting of financial
outcome of individual teak plantations.

This study was supervised by Dr. N.R. de Graaf and Dr. B. Filius of the forestry department
of Wageningen Agricultural University. and by Dr. H. Jansen and Dr. A. Nieuwenhuysc of the
REPOSA project in Gudpiles, Costa Rica. | would like to express my gratitude for their assistance and
their effort to bring this work to a successful completion.

Jelger de Vriend
Wageningen, April 1998
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SUMMARY

Teak has becn extensively studied in Indonesia and Myanmar, but little is known about Costa Rican
teak quality and growth. In order to make projections of the financial returns for teak planting
farmers, this study thoroughly analyses the world teak market and Costa Rican teak production.

To gain a proper understanding of teak trade, insight in tcak quality is of eminent
importance. Products of teak include sawnwood for construction, veneer and plywood, moulding, strip
and block flooring, furniture components, solid doors and flush doors, door and window framnes,
laminated boards and panels, carved articles for decoration, and household utensils and kitchenware.
Each application has specific quality requirements. General timber quality depends on a multitude of
factors, such as site conditions, growth rate, management and age of the trees. Durability, stability,
workability and ease of pre-treatinent are the major characteristics of good quality teak. Beautiful
figure, color, density and rate of growth are other sought-afier qualities as are straight grained,
knotless and defect free timber.

It is estimatcd that there is a total of 19 million hectare of natural teak forests and over 1.6
million hectare of teak plantations around the world. The largest volumes of plantation teak come
fromn Java, West Africa, Central America, but numerous other countries in the tropics also have teak
plantations.

Absence of a dry period has a negative impact on quality since it increases the weakness and
sponginess of the timber and tree. Absence of a dry period and rapid growth, such as in the Atlantic
Zone of Costa Rica, may resull in chemical, biological, and mechanical effects. Though fast growing
plantation teak apparently has different qualities than natural grown teak, it does not mean that it is
inferior; plantation teak can still be used for high value applications such as parquet, cabinets, and
veneer. However, it will not qualify for yachting applications. Limited specifications are currently a
major limiting factor for plantation teak. Additionally, fast growing teak might still achieve financial
returns that exceed those from slower grown teak due to the higher volumes produced.

Due to differences in end-use and quality demands, the global teak market is best analyzed as
a highly segmented market with rather independent flows from producer to consumer. The markets
for plantation teak are diverse and ofien very competitive (Chavez & Fonseca, 1991; Sein Maung
Wint, 1995). Five general sub-markets can be distinguished, namely; (1) yachting industry, (2) doors,
window frames, fences, and garden furniture, (3) parquet and indoor slaircases, (4) indoor furniture
and construction parts, (5) low quality and low value products.

Each sub-market demands a certain teak quality. This, together with the dimensions of the
timber, scts the timber price. Prices for natural teak on average range from US$1000-4000, those of
plantation teak of 60-90 years from US$1000-2000, and short rotation teak of 20-40 years is currently
sold at priccs ranging from US$200-2000.

Future teak prices are hard to predict. The World Bank expects an annual real price increase
of 2.1 percent for tropical sawnwood. This is more or less in accordance with calculations based on
Dutch tcak log pricc changes. From 1979-1992, the actual annual teak log price increase has been 5.8
percent, but only 2.5 percent when corrected for inflation. 1t can thus be concluded that there is no
indication that teak priccs will incrcasc strongly in the near future.

Based on current market information, it is concluded that current FOB sawnwood prices for
prime quality Costa Rican plantation tcak range would range from US$400-500 per cubic melcr.
Dcpending on diamcter, convcersion rates can optimistically be expected to between 30-40 percent,
while, based on current price increase, real annual (eak price increase will be between 1-3 percent.

Costa Rican timber production has been increasing steadily the last decades, but there are strong
indications that natural timber availability in Costa Rica will decrease rapidly during the next 10
years. Teak was first introduced to Costa Rica in 1943 by the Compafia Bananera de Costa Rica. The
first plantation was established near Quépos. Since the Costa Rican government initiated a series of
subsidies to stimulate establishment of tree plantations in the late 1970s, thousands of hectares of tree
plantations were established. It has been estimated that with help of incentives some 4,100 hectares of
teak were established beiween 1990-1994, however an equal amount has been planted without
incentives by private investment companies. A side-effect of thesc incentives has been that many
farmers planted teak and other species for the sole purpose of receiving the subsidies. In subsequent
years they omitted management of the plantations, which led to mal-formation of the trees and

Jelger de Vriend, 1993 8



Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tahles

subsequently low timber quality. This tcak is now available, but due to the low quality and the
availability of inany competing spccics. there currently does not cxist a domestic nor an international
market for this low quality teak.

An important feature of this study is the construction and prescntation of indicativc tcak growth
tables. Based on climatic data, two major teak production areas can be distinguished, namely; (1) the
Pacific lowlands, including Guanacaste and Central and South Pacific, and (2) the Atlantic lowlands
of the Zone Norte and the Atlantic Zone, with the Pacific lowlands having lower teak growth rates.
Within these regions, teak growth can be considered homogencous. Bascd on field measurcinents and
extrapolation of the growth data of the Miller 1969 teak growth tables, this paper prescnts indicative
teak growth tables with 3 growth classes for both teak growing regions. The potential cumulative
volume of tcak over a period of 20 years is projected to be between 400-710 cubic meter in the Pacific
lowlands, whilc Atlantic teak may potentially produce between 470-770 cubic meter over the same
period.

In order to design a modcl which calculates the profitability of Costa Rican teak plantations,
the paper further presents a formula to calculate the conversion rate from log to sawnwood. a function
to calculate costs of transport to the sawmill, and a summary of factors that influence profitability of
these enterprises. In the model, a distinction is made between variable and constant factors. The
variables can be manually altered. A standard set of values for the variables, representing the scttings
of an ‘average’ teak farm, is presented and used to derive the cash-flow of this ‘standard’ farm. Then
the cash flow was economically analyzed. using Net Present Value (NPV). Annual Income. Land
Expectation Value (LEV). and the Benefit-Cost Ratio (B/C-ratio).

Depending on growth class, B/C-ratio in the Pacific lowlands are between 3.0-3.3 when
rotation length is 20 years, while NPV is between US$ 11,700-24,200. For the saine rotation length,
Atlantic teak investments have a B/C-ralio between 3.4-4.1 and a NPV of US$ 15.800-31.500.

Subsequently, a sensitivity analysis was executed on the variables. 1t was determined that
discount rate and the world market prices for teak were the factor most influencing profitability,
while, for instance. labor costs have a minor effect on the financial outcome.

Among the conclusions, it is reported that the present value of establishment and
management of a Costa Rican teak plantation can be estimated to be between US$ 6.000-12,000 per
hectare. Furthermore, the most important factor influencing profitability which can be influenced to
some degree by stratcgic management decisions is the distance to the sawmill, while the distance to
Limén, from where the timber can be shipped. is of minor importance. Finally. labor costs arc
reported to be of minor importance for the profitability.

Unless the consumer preference for teak drastically changes during the next 20 ycars. farmcrs
can make large profits from relatively small investments in teak plantations. The basis of these returns
will lay in the large teak volumes that potcntially can be produced on the excellent growth sites in
Costa Rica and in the prices paid for defect-free teak. The cxact success of the investments will largely
depend on strategic decisions of plantation location and optimized pruning and thinning practices. It
will only be a matter of time until we find out what profits really can be madc from investments in
teak plantations.

Jelger de 1'riend, 1998 Q
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INTRODUCTION

Total forest area in the tropics annually decreased during the last decade with 15.4 million hectare,
half of global deforestation takes place in Latin America and the Caribbean. It is currently estimated
that 1.2 billion hectares of tropical rain forest are lefi on earth. These forests mainly occur in South
Amcrica, Central Africa, and Southeast Asia. More or less half of these forests have been affected in
some way by agriculture, timber logging, infrastructurc, mining, or storage lakes. When discounting
the forest land reclaimed by natural succession of pioneer species, the overall tropical deforestation
runs at 6.2 million hectares per year. Between 1980-1990, the net area planted per annum was about
12 percent of the area deforested every year (FAO, 1993b, WRI, 1990).

While depletion of natural resources is taking place at a high pace, many countries have
become aware of the accompanying negative cffects and a strong movement towards nature
conscrvation has developed during the last decades. The Dutch government was among the first to
introduce a label for nature conserving investments, so-called “green” projects. As part of these
regulations, profits from certain investments qualify for tax concessions. Among them are investments
in teak plantations. Simultaneously, the Costa Rican government introduced reforcstation subsidies for
farmers. Both stimuli led to a major increase of the plantation teak acreage in Costa Rica.

ORIGIN, APPLICATIONS, AND IMPORTANCE OF TEAK

Teak, Tectona grandis Linn. f. (Verbenaceae), is a tree species indigenous to India, Laos, Myanmar
and Thailand. Teak has been introduced from this region to Indonesia as early as the 14th century.
Later, it was spread to many other countries, and since the beginning of this century teak is planted in
many places in the world. Teak is generally believed to have been introduced to Latin America via
Trinidad (Perum Perhutani, 1993; Sein Maung Wint, 1995).

In Europe, teak is well known since colonial times. Many people recognize teak as high
quality timber with luxurious applications, such as yacht building, with correspondingly high prices
(De Boer & Kuiper, 1996). Products of teak include sawnwood for construction, venecr and plywood,
moulding, strip and block flooring, furniture components, solid doors and flush doors, door and
window frames, laminated boards and panels, carved products for decoration, and household utensils
and kitchenware. Each application has its own specific quality demands.

Sein Maung Winl (1995) eslimates that, based on available information, there exists a total of
19 million hectares of natural teak forests and over 1.6 million hectare of teak plantations world-wide.
The current teak area in Costa Rica can roughly be estimated to cover about 20,000 hectare.

UNANSWERED QUESTIONS

Although teak has been investigated thoroughly in Indonesia and Myanmar, little is known about
growth and quality of teak planted in recently established teak plantations in Costa Rica. Based on
available information from other continents and from the first few years of growth of teak in Costa
Rica, scientists have becn commenting on the assumptions made by Costa Rican teak projects,
stressing that, at least to some extent, yicld projections are too high with correspondingly inflated
profitability expectations (Centeno, 1996a & b). This has induced a downward adjustment of the yield
projections by soimnc of these companies of up to 50 percent.

Studying the available literature reveals that many questions regarding teak production and
profitability of teak plantations in Costa Rica rcmain unsolved. The global teak market, for instance,
is very heterogencous with many types of teak and inarkets varying in volume and quality demands.
Stemning from this heterogeneity there are large differences in prices, defined by quality and size,
making future price projections very difficult (Manger, 1995; Sein Maung Wint, 1995). This created a
fertile ground for speculation on tcak yiclds and prices.

Jelger de Vriend. 1998 10
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Apart from thesc market-oricnted questions. littlc is known about some of the factors which
influence the profitability of teak plantations and the effect that changes in these factors will have on
profitability. This is, for cxamplc, the case with length of rotation; whereas teak investors maintain a
fixcd rotation length, an economically optimal rotation may be calculated. Increasing the length of
rotation might result in increased profits.

Finally, future Costa Rican tcak is already compared with teak available from other countries.
such as Indonesia or Benin. This lcd lcading Asian teak importers, such as WorldWood, to be skeptic
about the future quality and value of Costa Rican teak. It is questionablc whether this is a fair
comparison.

OBRJECTIVE OF THE STUDY

The gencral objective of this study is to construct models which make it possible to provide sound
projections of revenues and profitability of Costa Rican teak plantations in general. The study will
focus on the factors determining profitability of Costa Rican tcak production and will place them in
the context of global teak production and marketing. The lcvel of analysis is basically at the farm level
while links are made to the investment company level.

Specific objectives can be defined as follows:

(1) assess the structure of the world and Costa Rican markets for teak. including current
prices and future price projections for Costa Rican teak;

(2) identify and analyzc differences between tcak growth and quality in Costa Rica and other
countries, as well as differences in growth and quality of teak within Costa Rica:

(3) assess the factors that deteninine profitability of teak plantations. their rclative
importance; the effect of changes in these factors (with particular focus on the effcct of
rotation length on profitability); and which combinations of these factors lead to
maximum profitability (including risk scenarios).

Table 1.1 Objectives, Hypothesis, Research Questions and Methodology

Objective Hypothescs Research Questions Mcthod

1 * Costa Rican plantation * Which are the uses of plantation teak; * Study available literature on Costa
teak will operate in the * What are their market shares; Rican and intemational markets for
same global market as * Where are they produced, teak and teak products
Asian plantation teak. * What are the global flows of teak? * Approach traders and saw mill

managers for information.

* Costa Rican teak will * What are the prices paid for teak;
have a quality which will * Can difTerent quality groups be -idem-
command prices that are distinguished:
similar to Indonesian * Which are the factors determining
plantation teak. teak prices;

* What will future teak prices look

like?

2 There are significant * Which factors determine quality:, * Study available literature;,
differences in quality * Can difterences in quality be * Carry out field surveys to fill in data
between Pacific and obscrved between teak from the Pacific  gaps;

Atlantic teak and the Atlantic lowlands? * Define “teak quality™.

3 Length of rotation is the * Which are the factors that in(luence * Stwdy available literature;
mosl important factor profitability of Costa Rican teak * Filling in data gaps by ficld surveys;
determining the plantations; * Develop a model to predict
profitability of teak * What is their relative importance? profitability of tcak plantations;
plantations * Apply a sensitivity analysis on some

of the variables in the model.

Jelger de 1'riend, 1998 "



Teuk: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tables

Tablc 1.1 indicates hypothescs, research questions and methodology applicd in this study to achieve
each of thesc objectives.

LIMITATION OF THE REPORT

Its focus is on the farmers level, becausc the cost-structures of teak investment companies vary highly
and becausc it is extremely difficult to get access to them. The results of this study may, however,
scrve as a basis for further analysis of teak investments.

DESIGN OF THE REPORT

This paper consists of two sections. The first explores the structure of global teak markets, studying
global teak production and demand while differentiating between markets. As it can be expected that
the price of premium quality teak will largely be determined by developments on the world market for
teak, the overall objective of section 1 is to derive a sound projection of the future world market value
for premium Costa Rican teak.

The second section analyses Costa Rican teak production in tenns of production and
profitability. This section also discusses national timber production and the Costa Rican timber
market.

Jelger de Vriend, 1998 12
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SECTION 1

THE ANATOMY OF GLOBAL TEAK TRADE

«.the timber [...] is excellent. The Persian Gulf traders, who are no fools, buy up the big timber of the
windfalls with alacrity; whilst the Moplahs, who are shrewd men of business, will offer fancy prices
Jor the bigger trees as they stand. All this is evidence to show that the plantation teak is good timber,

though grown fast on a rich soil.

P.M. Lushington, 8th AMay 1895
in a letter to The Indian I'orester

This section of the study analyses the world teak market and its characteristics. In the first chapter the
general characteristics of international (imber trade are discussed. resulting in projections rcgarding
future demand for and supply of timber. Chapter 2 and 3 focus on the characteristics of the teak trade,
with special emphasis on teak quality as an important determinant of the price. In chapter 4 a
distinction is made between the various sub-markets for teak. Finally, chapter 5 dcals with the price-

forning process in teak markets.

Jelger de 1 riend. ]99R



1 INTERNATIONAL TIMBER TRADE

Teak supply and demand can be analyzed along the same lines as for other timber species. This
chapter, besides discussing general aspects of limber demand and supply, presents indications on
future timber demand and supply. Finally, it discusses the cffect of certification and labeling on timber
demand and supply.

1.1 GENERAL ASPECTS

Most studies agree that (1) population growth, (2) growth in income per capita, (3) certification, and
(4) availability of substitutes are the main factors influencing the trends on the demand side of
international timbcer trade. Increase in economic activity and growth of gross domestic product (GDP)
almost immediately lead to an increasc in the use of paper and cardboard, as well as to a lagged
increase in sawnwood and plywood (Dijkstra et al., 1995; Stolp, 1996).

Costs and the present timber stock will determine the availability of timber in the near future.
Thercfore, il is of eminent importance to closely monilor current developments in timber stocks.
However, arca and production data at the species lcvel are generally scarce. Ofien countries only
indicate the total plantation area and the main specics, omitling less important species.

1.2 TRENDS IN GLOBAL TIMBER PRODUCTION AND TRADE

Numerous other countries in the tropics have teak plantations. Appendix 111 gives an indication of the
most important teak producing countries. During the past two years there are indications that the
market cycle, i.e. the period between maximum and minimum demand, is shortening and intensifying.
The effect on timber prices is ofien severe. Fluctuations between years of up to 40 percent are not
exceptional (Dielen, 1996; ITTO, 1996).

One of the most important recent factors influencing global tropical timber trade has been the
successful completion of the Uruguay Round of the World Trade Organization (WTO) in 1995. This
has led to the agreement that over the next few years trade-restricting tariffs on timber products in
consumer countries will gradually be abolished. Appendix I shows the August 1995 situation of tariffs
for tropical timber in the consuming countries. Though the European Union has replaced its
Generalized System of Preferences (GSP) in 1995 with direct import tariffs, still a tariff of 70 percent
is levied on inteninediate and end products, such as doors and plywood, while primary products can be
imported at a zero tariff (Anonymous, 1996; ITTO, 1996). In addition, certain specific countries have
the privilege to trade with the European Union under a zero-tariff agreement.

The flow of timber in the world is presented in figure 1.1. It is striking to note that 80 percent
of standing tiinber is lost whilc harvesting the remainder. An important feature of current trade in
tropical timber is the rapid emergence of the Newly Industrialized Countries (NICs) in Asia; firstly as
major importers of all types of timber and secondly as major players in logging operations in the
world's remaining tropical forests. The pace of economic growth in Asia coupled with the already
severe depletion of natural forest resources in most Asian countries is putting significant pressure on
the international timber market. African and South American producers find themselves increasingly
doing business with the NICs of Asia at a time when growth of demand in the traditional markets,
notably in Europe and the USA, is slow. European consumption is even showing an absolute decline
in tropical non-coniferous sawnwood. This has been replaced by non-tropical timber and non-timber
substitutes, such as synthetics, steal and aluminium. (Anonymous, 1996).

Jelger de V'riend, 1998 14
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and sawnwood and environmental concern, world sawnwood exports dropped in 1993 and 1994. On
the other hand, demand for wood-bascd products has been increasing, mainly due to increasing
population and growing economies (Sein Maung Wint, 1995).

The once apparently clear borders between the markets for hardwoods and softwoods and
betwecen the markets for tropical and temperate woods are fading. Traders are faced with incrcasingly
complex demand/supply relationships; for example, some tropical countrics are importing temperate
woods in unprecedented quantities. Adding to the complexity of the change are the gradually shifling
positions of plywood, medium density fiber board, oriented strand board and particle board in the
wood-based panel sector (Anonymous, 1996).

Stolp (1996) is expecting an increasing globalization of timber transactions in which
plantation forestry becomes more important and will increasingly determinc the price for timber
products. Fast-growing timber plantations, which are able.to produce timber(-fibers) at low costs in
large quantities in countries such as Argentina, Brazil, Indonesia, New Zealand. and South Africa.
can be profitable at current price levels. With increasing timber prices profitability of thesc plantation
will increase and more plantations will most probably be established (Stolp, 1996).

Europe’s consumption of tropical timber has halved between 1989 and 1996. This has partly
been caused by lower economic growth rates and environmental consciousness. In addition, the most
important exporters are producing increasingly more cnd-products of tropical timber (Diclcn. 1996;
ITTO, 1996).

Between 1993-1995 the share of Latin America in log production strongly increased. The
strong increase in the Latin American share in world log exports to 7 percent in 1995 mainly accrues
from the extension of Brazilian log exports. Total Latin American export share has also increased
strongly to 10 percent in 1995, while at global scalc there has been a decrease of 3 percent in exports
of tropical timber between 1993-1995. Latin-American plywood exports, led by Brazil. have incrcased
strongly recently. to 1 million cubic meter in 1995 (ITTO. 1996).

The sharc of logs in total tropical timber trade of ITTO producing countries has diminished
from 60 percent in 1980 to 25 percent in 1993. Africa is the only continent still exporting more logs
than processed products. The fastest conversion from log exports to processed product exports is
taking place in the Asian-Pacific region. This has mainly been initiated by Indonesian plywood
exports and Malaysian exports of sawnwood, veneer and plywood (ITTO. 1996).

Of all plantations in the world by the end of 1990, it has been estimatcd that the largest area
is occupied by Eucalyptus (23.0%), followed by pine species (10.5%) and Acacia species (7.7%)
(Pandey, 1995).

[0.3% The Nethertands |

1.3 PROSPECTS OF TIMBER CONSUMPTION

As a result of increasing populations and continuing economic growth, the FAO foresces an increase
in demand for log and sawnwood of 25-30 percent between 1990 and 2010 (Schmincke. 1996).

The most significant feature of current trade in tropical timber is the rapid emergence of
Southeast Asian countries as major importers of all types of timber. Substantial rates of growth in per
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capita GDP are also expected in China and Latin America. The pace of economic growth in Asia’s
NICs, coupled with the severe depletion of natural forest resources in that region, is fueling
tremendous demand for tropical timber in that region (Tropical Forest Update 3, 1996).

Northern European countries are currently developing slowly. It is to be expected that in the
Netherlands, the United Kingdom and in the United Statcs the increase in timber demand will be
strongest as these countries exhibit stronger economic growth (Dielen, 1996; Stolp, 1996). Looking at
the expanding demand for timber and at economic growth in the Asia-Pacific region, it may well be
that by the turn of the century, intra-regional trade in timber could account for a major portion of
export timber trade, including teak wood (Sein Maung Wint, 1995).

Due to excessive demand and exploitation in the last four decades, India for instance is now
considered a timber-deficit country and it has (o import both teak and other hardwoods to meet the
demand of its growing population and its wood-based industrics (Sein Maung Wint, 1995).

1.4 CERTIFICATION & LABELING OF TIMBER

Currently, centification of sustainable plantations and labeling of its production are the focus of
attention in several countries and the ITTO is working towards agreements on trade in centified forest
products. The ITTO, representing both timber producing and consutning countries, wants to convert
tropical timber trade to trade in certified timber only by the year 2000 (de Boer, 1996; Kiekens, 1995).
Agreements along these lines between industry representatives and governments may drastically
change timber trade.

However, there are still some drawbacks. For instance, for labeling 1o be successful it is
necessary (0 use a trade name and to establish a chain of custody from grower to buyer, each part of
which is subject to monitoring (Keogh, 1996). The following paragraphs will discuss certification and
labeling in nore detail.

1.4.1 THE MARKET FOR CERTIFIED FOREST PRODUCTS

Many uncertainties surround the potential market share for certified products. According to Sikod
(1996) an assessment of the possible price premium for certified timber should be dissected into two
major questions; (1) is there sufficient willingness to pay, and (2) does this willingness translate in
aclual purchasing decisions?

Actual purchasing behavior of consumers is less sensitive to environmental aspects and more
based on price-quality relationships. Both income and price clasticities typically are higher for more
highly processed timber products. A timber price increase induced by incorporating costs of
sustainablc management and certification will induce substitution, if similar price increases do not
take place in the competing product (Sikod, 1996).

Market segments where willingness to pay a price premium can be observed could be
exploited by trade. Sikod (1996) states that the importance of this segment varies by country, and so
using the “willingness-to-pay” argument as a general policy guideline may not be very appropriate.
The impact of certification on timber production would largely depend on the scale of operation and
local conditions, which vary extensively in terms of type of tenure, type and organization of forest
management, and methods of wood procurement.

With regard to the demand for centified timber, Kiekens (1995) states that without
government enforced laws, certification would affect timber trade in only a few countries. This
concems inainly the sector of do-it-yourself stores and public markets in countries such as Germany,
the Netherlands and the United Kingdom. Outside these niche markets, it is not clear whether
certification will be adopted on any significant scale. Compared with world-wide production, the
demand for certified woods remains negligible (Kickens, 1995). Thus it can be expected that without a
serious international commitment, certification will only have a slight effect on the international
timber trade. It is the paper industry that could have the most significant impact because of the
development of eco-labels for paper.
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De Bocer (1996). using data from thc World Bank. indicates that the markct sharc for thesc
certified timber products in Europc might be betwecn 10-20 percent, while in the United States a
market-share of 5-10 percent can be expected. In this study it is also assumed that consumers are not
willing to pay more than 10 percent extra for a certified product. The Dutch Ecowood Foundation
expects that, dependent on the timber species, priccs of certified timber will be 10-20% higher than
those for non-certificd timber. In cconomic terms, prices could be similar due to avoidance of damage
to the cnvironment in the case of certificd timber.

Producers and consumers are both interested in maximizing profits and utility. If certified
forest products are morc expensive than uncertified ones it could turn out to be hard to achicve the
indicatcd markct-shares in Europe and the United States. But mostly for certification to succeed, the
procedure has to be one that will lead to quality products at competitive prices (de Boer, 1996.
Kiekens, 1995; Sikod, 1996). Commercial intercst of timber (raders and sustainable forestry objectives
are becoming increasingly more united and will strengthen each other in the future.

1.4.2 GOVERNMENT SUPPORT

It is now generally believed that for certification to be successful. there is a nced for government
support. The Dutch government decided in April 1997 that investments in sustainable agriculture and
reforestation projects in developing countries qualify as fiscally attractivc “green investments”™.
Investors in these environmentally friendly projects which have the so-called “grecn-label™. approved
by the Dutch ministry of Public Health. Area Planning, and Environment (VROM). do not have to pay
taxes over the dividends obtained from their investment. It is likely that this govermment measurc will
generate a considerable amount of money for new investments in plantation forestry.

In the tropics, efforts to label timber arc procceding more slowly than in Europe and
Northern America. Several countries, such as Indonesia, Mexico and scveral West and Central
African member countries of the African Timber Organization, are seeking to work towards
certification. Other tropical countries, in particular Malaysia and Brazil, seem to reject any
international certification program before the year 2000, although a number of studies and projects are
already being implemented and discussions on timber certification are being held in the context of the
ITTO (Kiekens, 1995).

However, it is still unclcar whether agrecments on certification are to be considered as trade
barriers for non-certified forest products. Government mcasures 10 stirnulate imports of certified
products might thus not be in accordance with the General Agrecinent on Tariffs and Trade (GATT)
of the World Trade Organization (WTO).

1.4.3 DETERMINING THE FUTURE SUCCESS OF LABELING

Eventually, growers and processors who produce labeled products, accredited by institutions such as
the Forest Stewardship Council (FSC), carry advantages in the market place. However, it is unclcar to
what extent labeling benefits sales. In order to guarantee that a forest product has been produced or
harvested from a sustainable forest management system, it is of cminent importance that the cntirc
chain-of-custody can be traced and monitored.

In the long run, the environmental issue is likely to have impact on trade and marketing of
teak wood and products. According (o Sein Maung Wint (1995), teak wood has a good environmental
and commercial reputation, mainly due (o the fact a large share of teak comes from natural forests
which are under “sustainable™ management systems. Most teak traders and teak investment
companies favor certification as a marketing instrument to be able to deliver a distinguished product
at a higher price. Several Costa Rican and Brazilian teak plantations have recently oblained the
SmartWood label, pointing to ecologically and socially sound teak production (Manger, 199S; van
Koppen. pers.comm.).

Jelger de 'riend. 1998 17



Teuk: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative (Girowth Tables

2 TEAK QUALITY

The word “teak” literally means “carpenter’s proud” in Burinese, referring to the outstanding quality.
Differcnces in prices paid for teak mainly result from timber quality. The fame of teak wood mainly
stems from the superior characteristics of natural teak. Teak is practically the only timber used by the
British navy for ship building and the best Myanmar teak is consequently known as “Admiralty”
teak. Therefore, in order to develop an understanding of the teak market it is of eminent importance to
define and understand the different quality aspects of teak (De Boer & Kuiper, 1996; Sein Maung
Wint, 1995; Tint, 1995).

It is also important lo distinguish between so-called natural teak and teak grown on
plantations. The former is grown in mixed teak forests which can be found in Myanmar and, to a
lesscr extent, in Thailand, China and Laos. Management of these forest stands is minimal and
harvesling takes place in very long rotations with low volumes removed during each harvest. By
contrast, plantation teak is grown in mono-cultures in rotations of 20-80 years.

2.1 PROPERTIES OF TEAK

Timber quality depends on a multitude of factors, such as site conditions, growth rate, management,
and age of the trees at harvest. The quality of sawnwood is also controlled by the perforinance of the
saws, nachines, and operators. Quality aspects which are important to the timber industry include
thickness, width, length, grade (color, strength, etc.), and moisture content. Timber quality is
positively influenced by timely silvicultural operations, such as thinning. Adequate site selection for
plantation cstablishment is of great importance. Accelerated transpontation and processing, choosing
the proper cutting season and appropriate drying process are factors which may improve wood quality
in post-harvesting operations (De Boer & Kuipcr, 1996; Sangal, 1995; Tint, 1995).

Durability, stability, workability and ease of pre-treatment are the major characteristics of
good quality teak. Good tree form, color, density and growth rate are other important qualitics, as are
straight grained, knotless and defect-free timber (Tint, 1995).

Teak is one of the most durable timbers in the world. The level of phenols increases
durability due to the anti-biotic nature of this component. It has been reported that in dry areas teak
mnay last for over 700 years. In contact with the earth’s surface it can remain serviceable for more than
25 years. The extractives present in the heartwood are believed to be responsible for its durability and
it was reported that decay resistance is related to age, rate of growth and extractive content (Rudman,
cited in Tint, 1995).

Teak is also exceptionally resistant to changes in temperature and moisture. 1t is free from
warping during drying and dries fairly easily. Specific gravity and shrinkage characteristics of teak
are described in Appendix Il. It can be observed in Appendix 11 that wherever teak is grown, the
specific gravity of teak is quite similar. Costa Rican teak is slightly heavier, has a slightly higher
radial shrinkage, but an avcrage tangential shrinkage.

Similarly, shrinkage of teak in the vicinity of its natural habitat is consistently lower than
shrinkage of teak from outside the natural habitat. In general teak is classified as a “low” shrinkage
species, with a small movement of 1.2% tangential and 0.7% radial. Movement is an important index
for fine-works, cabinet making and parquet flooring. The resistance to splitting when nailed is rather
good (Chavez & Fonseca, 1991; Cordoba Foglia & Serrano Montero, 1991; Tint, 1995).

The number of growth rings generally ranges from 1-6 per centimeter. Yet up to 15 rings per
centimeter have been found in natural teak, while plantation teak has wide growth rings (Weimann,
cited in Tint, 1995). According to Tint (1995) the optimal number of growth rings in terms of optimal
strength is 2.5 per centimeter. On the other hand, the growth rate may not be of prime importance if
the timber is to be uscd for ornamental or other use. Recent Indian research has indicated that not the
number of growth rings, and consequently the growth rate, but the density of the timber determines
the strength properties of the timber (Jagannath Reddy, 1995).

According to Ryan and Kloot (cited in Tint, 1995), the strength of teak is comparatively low
during the early years of tree life, but under normal growth conditions it rises steadily for about 20
years 10 a certain levcl afler which it remains more or less constant.
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The color of teak in its final use highly depends on the method of drying. If sawn tcak is Icft
drying in the sun, it develops color diffcrences which can be improved by leaving the final product for
scveral months in the sun. But since bursts en shrinkage are not solved by this method. it is better to
control drying by applying Kiln drying in ovens (Grimm. pers.comm.).

2.2 PLANTATION TEAK COMPARED TO NATURAL TEAK

When analyzing global differences in teak quality, it is first of importance to differentiate between
natural and plantation teak. According to Tint (1995). tests to detect the differcnces in strength
between naturally grown and plantation teak were carried out as early as 1911. Generally no
significant difference in strength between plantation and natural grown teak in the region of origin
was found. In general, teak grown outside the region of origin has lower strength. Gogate (1995)
reports that Indian plantation teak has a specific weight and hardness which are respectively 80 and
73 percent of the values for natural Indian teak. As indicated carlier, Costa Rican plantation teak
apparently has totally different features.

It is further important to differentiate among various plantation teak qualities. These
differences mainly stems from differences in rotation length and management regime. Java tcak. being
harvested at age 60-80 years and slowly grown, has good quality properties close to Myanmar teak.
On the other hand. West African teak is considered to be infcrior to Java teak, due to inferior
management practices and faster growth. It is obvious that slow-grown and fast-grown teak have
different quality characteristics and are suitable for distinctly different uses (Tint, 1995).

According to Manger (1995), a trader in Myanmar teak. the main problems with plantation
teak from outside Asia include the following; (1) coarse and sofl texture, (2) heavy sapwood. (3)
knottiness, and (4) low oil content. In addition, in regions with a lack of dry period and rapid growth,
chemical, biological, and mechanical effects may occur: (1) less phenols are being produced and (2)
the timber subsequently has a lower durability. Thus. the absence of a dry period increascs the
weakness and sponginess of the timber and trce. Teak from regions in the natural habitat gencrally
has durability class I, while teak outside that region, in general. has durability class 111 (Chowdhury.
1953; Keogh. 1996; Van Koppen, pers.comm.).

The limited availability of larger (eak wood dimensions is currently another major limiting
factor for plantation teak in international trade. There is a large supply of poor quality logs. that
allows (he production of u/trashorts (4-6cm) and shorts (7.5-13cm). Yet the main demand in teak is
for longs of 15cm length and longer. The result is an excess supply of shorts and ultrashorts. and a
shortage of longs. In addition, many buyers demand a range of sizes from the same teak source. This
is required for products where matching of color and grain is necessary, such as is the case with
furniture. Especially in furniture manufacturing both problems become clear: it is impossiblec to
produce garden chairs if 1Scm and 20cm wide benches are not available and it is impossible to mix
African with Myanmar teak as colors differ widely (van Buren & Kloos. pers.comm.).

Even though fast grown plantation teak is reported to have different qualities from natural
grown teak, it does not mean that it is inferior. In fact. many authors (Anonymous, 1996b; Cordoba
Foglia & Serrano Montero, 1991; Sangal. 1995) state that plantation teak can still be used towards
high value applications such as parquet. cabinets, and veneer. However. plantation teak most probably
will remain unsuitable for yachting applications.

Until recently. African teak was considered (o be of (oo low quality for sawnwood export to
Europe and only logs were exported to India. However. it has becn reported that scveral countries in
West Africa have recently established export grades of sawnwood from plantation teak and it is
expected (hat this source of supply will steadily grow in importance in the near future (Sein Maung
Wint, 1995).

With regard to Costa Rican teak. it can be expected that well-managed premium teak will
find its way to high-value niches, although it will probably not be used in the yachting industry. When
the plantations are pruned and thinned properly and larger dimensions can be offercd to fraders. there
are no indications to date that premium Costa Rican teak can not be competitive with other quality
timber and Asian plantation teak.
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3 TEAK TRADE

Sein Maung Wint (1995) estimates that total world area of ‘natural’ teak forest is about 19 million
hectare, while teak plantations occupy an estimated 1.6 million hectare. Unfortunately, there are no
data available on actual volumes of teak produced in the world.

Sawmills which are able to supply only relatively small amounts of timber and on an erratic
basis, cannot expect (o capturc futurc markets which need a continuous supply of relatively large
volumes. Under such circumstances, growers supplying to sawmills can not expect to receive prices
which will match those available in the better markets, even if the quality of product is first class.

Generally, relatively inferior teak is sold in domestic markets. In Myanmar, shorter lengths
and second quality go into the domestic market for construction or furniture exports. At present, the
main demand for natural sawn teak is satisfied by Myanmar, both from mills in Yangon, and from
offshore mills in Singapore, Hong Kong and China, where logs imported from Yangon are converted.
In Myanmar there is only one exporting company, the Myanmar Timber Entcrprise (MTE) which
fixes the price of the products. The Myanmar Ministry of Forestry regulates the amount of teak
harvested by MTE (van Buren, pers.comm; Kloos, 1995; Sein Maung Wint, 1995).

Al the same time, many countrics restrict the export of logs and sawnwood. In June 1991, the
Indonesian government levied a tax of up to US$1,200 per cubic meter on sawnwood exports,
effectively eliminating any further sawnwood exports. As a result, processing of teak by several
manufacturing enterprises has increased rapidly and Java teak is now exported only as processed
products, mostly flooring and garden furniture. As Indonesia only offers these two specifications, they
swamp the market and put prices for these products under pressure. Similar measures for log exports
have becn imposcd by several other governments, including those of Thailand, Brazil, Singapore,
Cambodia, Laos, Ghana, and Nigeria (de Boer & Kuiper, 1996; Kloos, 1995; Sein Maung Wint, 1995;
Vinh Phengdouang, 1993).

3.1 CURRENT TEAK CONSUMPTION

Data on current imports and consumption of teak logs and sawnwood are scarce since many countries
do not have separate trade statistics for teak. In addition, it is even more difficult to get an overview of
the import and production data of teak products such as furniture.

China is the largest importer of teak logs fron Myanmar, with Thailand the second largest.
Much of this teak is processed for re-export as furniture and small consumer ilems. The United States
and Europe are the final destinations of large amounts of (eak, cither as timber or as finished products.
Some of the largest buyers in Europe are the Scandinavian furniture manufacturers which supply
Scandinavian furniturc stores in the US and Europe (Burma News Network (BNN) on the internet, 12
April 1997). However, total timber imports into Europe are relatively small in volume. The
Netherlands, Europe’s largest teak log and sawnwood importer, has annual imports of about 1,000
cubic meter teak logs and around 500 cu.m sawnwood. This constitutes about 0.15 percent of total
annual Dutch timber imports of 1 million cubic meter (De Boer & Kuiper, 1996).

Large shipments of plantation grown teak logs from Africa apparently were recently exported
to India. It has also been stated that since recent times plantation grown teak logs and conversions are
being exported by Trinidad to Canada (Sein Maung Wint, 1995).

3.2 PROSPECTS OF TEAK PRODUCTION

According to Sein Maung Wint (1995) global tcak resources as a whole are likely 1o expand in the
near future, provided that appropriate silvicultural treatments, effective protection and management
systcmns are applied in both natural teak forests and plantations on a long-term sustainable basis.
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Changes arc mainly governed by plantation forestry investments. Apsey and Recd (1996) assumc that
African teak production will slightly increase while more rapid increases are to be expected in
Oceania and South America.

Because of the increasing population of Java and subsequent increase in demand for
agricultural land, Java teak plantations have been decreasing in size while at the same time demand
for wood has been increasing. Simultaneously, an extensive reforestation program in Indonesia is
establishing teak plantations at a rate of about 10,000 hectare per year (Perum Perhutani, 1993: Scin
Maung Wint. 1995). Poor performance of Indonesian teak plantations is oflen blamed on high social
pressure, shortage of land for agriculture, illegal felling, grazing and forest fires (Pandey. 1995).

3.3 THE FUTURE OF MYANMAR TEAK

The future of Myanmar teak is rather difficult to predict. According to Van Buren (pers.comim)
plantation teak will never be a perfect substitute for natural Myanmar teak. Due to the rather
sustainable teak production in Myanmar, the flow of natural (eak from that country can be expected to
remain steady.

It is unclear if, and to what extent, there exists a decreasing trend in the availability of
Myanmar natural teak. According to Van Buren (pers.comm.) there are only annual fluctuations in
natural teak production with no decreasing trend, while others, such as De Boer and Kuiper (1996),
state that total world supplies of natural teak tend to decrease. Though Sein Maung Wint (1995)
claims that Myanmar teak production is sustainable by presenting the average annual production of
teak over the last 75 years, his data of the last 30 years reveal that during this period production has
been well above the Annual Allowable Cut (AAC). i.e. thc maximum harvest which still guarantecs
sustainable production, of around 600,000 cu.m per year. Simultancously, however. the teak
plantation area in Myanmar has been expanded rapidly since 1980 at a rate of around 12,000 hectare
per annum.

However, Myanmar teak is increasingly under attack of human rights groups. Rainforest
Relief declared the week from July 1-7 1997 the International Teak Week of Action under the slogan
"teak is torture”. They state that Myanmar teak forests arc being exploited to finance the military
ruling, formerly the State Law and Order Restoration Council (SLORC). Also, cases of forced labor
have been documented in Myanmar logging operations.

Myanmar is now actively searching for forcign investments in the wood-processing scctor
and is aiming to decrease the export of logs and roughly sawn timber and increase the export of
higher value-added products by downstream processing (Myint Kyu & Hwan-Ok Ma. 1997). At the
same time the government is providing assistance (o private companies for expansion and investment,
having exempted forestry products exports from commercial tax since May 1996. Taking advantage
of this situation, Sunwood Industry’s holding company, the Sunti Forestry group from Thailand. is
building advanced teak processing factories in Myanmar which will provide a steady flow of teak
furniture parts for Sun, Thailand's largest exporter of teak furniture (Burima News Network (BNN) on
the internet, 12 April 1997). )

As (eak is an important legal money-maker for the government, Rainforest Reliel has called
for an international boycott of teak from Myanmar. Since most of the teak exported from Thailand.
Singapore and Taiwan is of Myanmar origin, this includes teak from those countries until they can
prove it is not from Myanmar (Burma News Network (BNN) on the internct, 12 April 1997).

On 14 March 1997 the European Commission of the European Union voted to exclude
Myanmar from the Generalized System of Prefcrences (GSP) in the light of the human rights
situation. A month later, the US government indicated to consider imposing stronger sanctions on
Myanmar trade and investments. Such measures are serious threats to the Myanmar teak trade and
indicates that the solid status of Myanmar as natural teak producer is not at all secure in the future.
On the other hand, ASEAN countries are considering making Myanmar a member of their tradc
organization. This might increase teak trade among ASEAN countries and make Myanmar less
vulnerable to political pressure from the EU and the USA.

To conclude, it seems likely that Myanmar will continue (o supply teak logs and sawn timber
to the world market until adequate numbers of modern wood-based industries are established to absorb
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the teak logs annually cut and to manufacture various forms of high quality teak wood products
demanded by the international market. According to Sein Maung Wint (1995) it is very likely that
Myanmar will maintain its dominant role in production of naturally grown teak wood in the future
since 87% of all natural teak forests occur in Myanmar. However, the character of the Myanmar tcak
supply might change, towards more (certified) plantation grown teak and value-added products, and
trade might be hampered by human rights issucs.
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4 TEAK SUB-MARKETS

Due to differences in end-use and quality demands. the global teak market is best analyzed as a highly
segmented market. The markets for plantation teak are diverse and ofien very compeltitive (Chavez &
Fonseca, 1991; Sein Maung Wint, 1995). Five general sub-markets can be distinguished, namely; (1)
yachting industry, (2) doors, window frames, fences, and garden furniture. (3) parquet and indoor
staircases, (4) indoor furniture and construction parts, (5) low quality and low value products. such as
toys, triplex. and pulp. This last group will not be discussed, because it will most probably not be the
core business to produce low value teak products.

4.1 YACHTING

Quality demands for teak are highest in the yachting industry where it is important that the timber can
resist extreme weather conditions while still rctaining its attractive appearance and color. Dimensions
are also of major importance. Finally, the yacht building industry demands more than 4 growth rings
per centimeter (Manger, 1995).

For boal-building, Thai and Myanmar teak are preferred, because it splinters less than
Indonesian teak and also has a higher oil content (Manger, 1995). In Western European teak trade.
naturally grown Myanmar teak is preferred as it is harder and more stable than faster grown
plantation teak. Naturally grown teak has more of an oily texture. The color is more uniform and
darker or more golden than faster grown, sofler and paler plantation teak. Myanmar teak is rclatively
more stable as the trees are normally felled only afier girdling (Scin Maung Wint, 1995).

Most natural teak is

uscd for boat building and

demand is increasing. In the Table 4.1 Aarket Segments and Consumption of Teak l.ogs and
United States market, it is Sawnwood in the USA(after Shwe Baw, 1995)
estimated by Shwe Baw (1995)

that 70 percent of Myanmar Market Segment Consumption Share (%)
sawn timber is used in boat Sawnwood l'eneer
building. In the Netherlands, 75  Boat Building' 70 10
percent of teakwood goes towards  Furniture 6 15
the boat-building industry, 15 Flooring 9 -
percent is used in prestigious Secondary Manufactures - 65
private homes and office Manufactured Products 5 5
buildings. and the balance, 10 Others 10 5
pereent. goes into flooring and Notc: ' including marinc components

furniture (Anonymous, 1997,
Manger, 1995).

Especially in the yachting market. teak has a unique niche which is barely threatened by
substitutes such as mahogany (Swietenia macrophyla) and afrormosia (Afrormosia elata). and thus
has a relatively low price elasticity. In addition, this market segment is likely to remain dependent on
teak in the future (Sein Maung Wint, 1995).

Table 4.1 indicates the major market secgments of imported sawn teak. teak logs. and teak
veneer in the USA. The producers of high quality boats tend to buy more raw material and fewer
components since the interiors are usually custom built (Sein Maung Wint, 1995).

Of the total sawnwood and log imports of WorldWood. the largest European teak importer,
around 60 percent remains in The Netherlands and 40 percent is re-exported mainly to Germany,
Denmark and the United Kingdom. and to a Icsser extent to Spain, Greece, France. and the Dutch
Antilles. Re-exports are sold directly to the yacht wharves and to importers (Van Buren, pers.comm.).
As this market demands only the best quality, only natural teak qualifies.
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4.2 QUTDOOR FURNITURE, WINDOW FRAMES, FENCES

Slightly lower quality demands have becn set for outdoor furniture, window frames, and fences.
Unfortunatcly, little information is available on the latier two markets.

It has becn estimated by the Furniture Industry Research Association of the United Kingdom
(cited by Sein Maung Wint, 1995) that the total annual value of world furniture trade involves some
US$100 billion of which 10 percent arc exports. In many countrics of Western Europe and the USA,
outdoor living has gained popularity, fueling the demand for garden furniture. Durable and light teak
furniture is particularly appreciated (Tint, 1995).

The bulk of teakwood garden furniture is manufactured in Indonesia, Thailand, and
increasingly in Myaninar. It is expected that tcak wood will becoine more popular as consumers
become more familiar with it (Manger, 1995). In Indonesian furniture mnanufacturing, larger
production units are not using solid teak but plywood (Grimm, pers.comun.).

Due to limited supply of teak wood and the change in consumer taste towards lighter finishes
in the United States, tcmperate species, and rubber wood (Hevea braziliensis) are becoming more
compeltitive in the furniture market, possibly having a negative influence on the growth of the market
of teak furniture (Manger, 1995; Scin Maung Wint, 1995).

1t is also likely that larger teak companies which can guarantee stable production of teak will
vertically integrate the production and marketing column by, for example, joint ventures with garden
furniture manufacturers (Van Koppen, pers. comm.). The first sign of this development can already be
seen in Costa Rica where larger plantations are designing their own product and marketing lines.

For these applications, quality demands are comparable to those in the yacht building market,
though somewhat less restricting. In this sub-market teak is experiencing competition from species
such as imeranti (Shorea), merbau (/ntsia bijuga), iroko (Chlorophora excelsa), and construction
malerials other than wood, such as glass, metals and fibers.

Manger (1995) expects that plantation teak will find its way to furniture manufacturcrs who
demand small scantlings. The furniture industry is always scarching for lower prices and regular
supplics, and top quality teak might penetrate this market.

4.3 PARQUET AND INDOOR STAIRCASES

Due to its attractive appearance and durability, a significant amount of teak is currently used in the
parquet industry. However, the quantity of tropical timber used for parquet is still small. Due to
economic growth and expanding housing projects in Japan, the USA, and Asia’s Newly Industrialized
countries (NICs), the market for teak flooring and moldings is also growing (Sein Maung Wint,
1995).

Dutch annual consumption of tropical timber for parquet amounts to 5,000 cubic meter. At
the same time, teak is experiencing competition from wengé, afzelia, basralocus, merbau, bilinga,
mahogany, and guatambu (Zijlsira et al., 1995).

On the other hand, this sub-market does not demand supply of larger dimensions. Parquet
prices are generally good, certainly when taking into account the fact that mostly smaller dimensions
are used.

4.4 INDOOR FURNITURE AND CONSTRUCTION PARTS

About 90 percent of all interior teak furniture is still made of Myanmar teak. African plantation teak
is neither strong enough, nor of good texture and color. Central American teak is somewhat similar to
African teak, though harder and with a higher oil contents (Kloos, pers.comm.). In the teak sub-
markets with the lowest teak quality demand, there is major competition from other species since
quality demands are not very constraining.

—
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The US market has been the major consumer of Central American teak, but much cheaper
African teak has diminished the Ccntral American market share. Especially the high price of teak logs
in Central America, at around US$300 per cubic meter, is scvercly restricting the business potcntial
and some teak mills in Central America have been forced to close (Kloos. pers.comm.).

As a result of a combination of factors, including a faster population growth among those
over 40 years of age, and little growth among those under 40, plus stabilized rates of marriage and
divorce across the age spectrum, it is expected that the number of households in the United States will
grow by 9.5 percent over the next decade. Analysts expect total real disposable income in the USA to
grow by around 25.0 percent between 1995 and 2005. On the basis of this assumption. it is anticipated
that real household furniture spending will grow by some 19 percent over the same period and that
furniture sales will grow from an estimated US$47.7 billion (1995) to a projected US$56.8 billion in
2005 (in constant 1992 dollars) (ITTO Tropical Timber Market Report. Issue 1-15th March 1997).

Higher raw-material costs and incrcased demand for durable consumer goods has resulted in
an upward price movement for furniture and other secondary wood products during the first 6 months
of 1997. Wood moldings and living room cabinets have particularly gone up in price. On average.
prices for furniturc and other secondary wood products expericnced higher price increascs than the
underlying price increases for wood raw-materials; this is largely due to the impact of falling
particleboard prices. Pricc increases of finished products are generally still below the price increascs
seen for sawnwood (ITTO Tropical Timber Market Report, 1-15th April 1997, posted on internet).
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5 TEAK PRICES

A decreasing area of natural forest and an increasing timber deinand are the main factors influencing
timber prices in the near future. Demand for a particular timber is largely determined by its quality.
Together with supply and dimensions, it determines the price. Additionally, products derived from
each thinning have their own price-setting mechanism since they are also meant for different markets
and end-uses (Centeno, 1997; Sein Maung Wint, 1995).

Between 1970-1992, real roundwood prices increased with 2.2 percent annually, although the
last decade (1980-1992) witnessed decreasing rcal roundwood prices at 0.5 percent per year. On
average, the price for sawnwood is twice as high as the price for roundwood (Dijkstra et al., 1995).

Simultancously, the average annual price increase of sawn teak at Dutch teak wharves has
been 2.3 percent during the last 16 years (Dc Boer & Kuiper, 1996). However, real teak prices have
only increased with 1.5 percent annually. 1t must, however, be stressed that these teak price increases
arc only valid for natural and Indonesian teak.

Real prices of Latin Ainerican sawnwood have becn highly variable during the last years,
depending on species and price changes of competing products. Yet, these prices are expected to
becoine more stable and even start to increase in the near future in response (0 econoinic proliferation
of Latin America’s main markets, namely the United States and the United Kingdom (ITTO, 1996).

If teak is grown on a suitable location, it can give good quality timber for garden furniture,
parquet, and veneer. In this case prices received can be expected to be average. In order to
differentiate between different production areas, the following distinction is made:

1. NATURAL TEAK
2. LONG ROTATION PLANTATION TEAK (60-90 YEARS)
3. SHORT ROTATION PLANTATION TEAK (20-40 YEARS)

It has to be stressed that in many reports real and nominal prices are mixed and abusively coinpared.
Comparing annual changes in CIF and FOB prices causes additional problems. Changes in CIF prices
may be caused, for instance by changing transportation costs. Unless the cause of change is absolutely
clear, CIF and FOB prices should be used as a indication of the value of the timber only. The
subsequent paragraphs will briefly discuss the CIF or FOB teak prices paid in each of these groups
and finally a FOB price will be determined which is currently valid for prime quality Costa Rican
teak.

5.1 NATURAL TEAK

FOB prices of internationally traded natural teak currently range from US$1000-4000 per cubic
meter. At present, Myanmar is virtually the only country which still exports natural teak in the fonn
of logs and sawn timber and it thus has a monopolistic market position in the export trade of these
products. The average 1994 FOB Yangon prices data are presented in appendix V. Teak conversions,
i.e. sawn teak, such as squares, boards, planks, decks and scantlings, are sold directly in Myanmar to
forcign buyers, often agents, at fixed export prices. The FOB Yangon prices range from about
US$4,250 per cubic meter for special quality teak decks of 4.5m to about US$6635 per cubic meter for
2.5-2.5-75cm second quality teak scantlings.

When Myanmar authorities decided to sell teak logs only by tender, there was a substantial
increase in log price. Yangon FOB Prices for board have climbed to US$3,040 per cubic meter in
1995. In this market segment foreign buyers have to pay high prices for boards and planks which are
generally available at the “off-shore™ mills in Singapore, Hong Kong and Thailand. For this reason
European buyers have started to look for a cheaper alternative and have tried to reduce the average
price they were forced to pay. This has led to a small shrinkage of the market for these products. On
the other hand, fast growing plantation teak from Africa and tropical America is beginning to
penetrate into the world teak market at lower prices (Sein Maung Wint, 1995).

Jelger de Vriend, 1998 26



Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tables

Dutch prices for teak logs generally vary from about US$1,110-2,600 per cubic meter
depending on volume and quality with extra charges for sawing technique and artificial drying. Here.
quality is directly related (o volume and cxpected conversion rate. The highest grade has a conversion
rate of between 55 and 60 percent, while the lowest grade is expected to yield only between 20-35
percent useful wood. Yct. conversions of exceptional quality might reach prices of more than
US$7,000 per cubic meter (Van Buren, pers.comm.).

5.2 LONG ROTATION TEAK

Currently, slow grown plantation teak of 60-90 ycars is mainly produced in Indonesia, Myanmar. and
Thailand. Indonesia plywood teak logs werc domestically sold at US$1050-1250 per cu.m in March
1997, showing a steady increase in 1996 from US$937.50 per cubic meter in May 1996 to US$1.050
per cu.m in December 1996. However, Indonesian prices are less relevant than those from Thailand
and Myanmar due to Indonesian export restrictions (ITTO Tropical Timber Market Information Issue
1-15th March 1997; MTC. 1997 on internet).

Table 5.1 gives an indication of plantation teak prices from Myanmar and Thailand between
1988-92.

Table 5.1 Average Real FOB Yangon and Bangkok Value of AMvanmar and Thai Sawn Plantation
Teak from 1988-92 (US$/cu.m)

Commodity Avcrage FOB Unit Value (US$/cu.m.)
1988 1989 1990 1991 1992 Average

Thalland

Teak Scantlings 976 1140 1061 1232 1207 1123
Teak Board 1202 1388 1306 1075 1273 1249
Teak Plank 1971 1651 1313 1088 1634 1531
Myanmar

Teak Scantlings 582 686 789 789 789 727
Teak Board 1332 1357 1493 1493 1643 1464
Teak Plank 1200 1225 1346 1346 1482 1320
Teak Deck 1443 1661 1993 1993 1993 1817

Sources: FAQ, 1995; Avanmar Timber Enterprise (cited by Sein Maung Wint (1995)).

5.3 SHORT ROTATION TEAK

Roughly. FOB prices for short rotation teak of 20-40 years vary from US$200-2000 per cubic meter.
However, the base price for 5 to 8 year old teak poles should optimistically be estimated at US$50-80
per cubic meter roundwood. mainly for consumption in the local market (Centeno. 1997).

West African FOB log prices are around US$200 per cubic meter. while teak logs are sold
locally on African markets at US$100 per cubic meter. Orders for logs with a diameter of 17 cm and
larger are reportedly being accepted in Ivory Coast for 15,000 cubic meter lots at US$220-250 (FOB)
per cubic meter (ITTO Tropical Timber Market Information Issue 1-15th March 1997). Prices for
Nigerian teak logs lay between US$200-250, the former for 17-24 cm diameter and the latter for
diameters between 25-30 cm, FOB in Nigeria. Squared logs are exported to India and the Middle East
at around US$300-350 per cubic meter(CIF). On the wholesale market of Shanghai. China. the price
of teak logs is around US$500 per cubic incter (ITTO Tropical Timber Market Report, 1-15th April
1997, posted on internet).

Sawn teak prices from selected West African teak vary considerably. Sawn teak flooring from
West Africa range from US$500-900 per cubic meter (FOB) depending on quality and sizes. Prime
quality, defect free, flooring matcrial ranges from US$700-1800 per cubic mcter depending on sizc
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and length. Similar prices are being paid for prime quality Guatemalan teak; from US$950-1900 per
cubic meter, depending on sizes and length.

Trinidad teak is a lot cheaper, but at this moment trade is disorganized. Guatemalan teak is
considcred supcrior (o African teak and should theoretically demand a premium, but for commercial
reasons not all international buyers agree (Kloos, pers.comm.).

The Dutch Amazon Teak Foundation (ATF) considers Benin prices, as given in table 5.2, for
parquet to be representative for future
prices of ATF teak plantations in Mato
Grosso, Brazil. Round wood prices

Table 5.2 Benin Cotonou FOB Parquet Prices (US$)

expected by ATF for 10, 15,20, and 25  Dimensions A Quality B Quality
year old teak are respectively US$50, (mm) (US$/cum)  (USS/um.)
300, 500, and 800 per cubic meter. 10-50-250 790 550
Recently, another Mato Grosso teak 10-60-300/350 880 620
plantation, Caceres FPl, sold logs of 15 14-70-350/400/450/500 1065 750

centimeler, without bark, at US$187 per  Source: ONAB Industrie Benin

cubic meter and lower quality sawnwood

from the same logs at US$265 per cubic meter F.O.B. Santos. The timber was exported to Hong Kong
and India to be used for window and door frames ((GGazeta Mercantil, 20-10-96).

5.4 PRICE PROJECTIONS FOR PLANTATION TEAK

It is difficult to make sound projections of the future demand for timber and corresponding prices.
Additionally, estimating prices is also very complicated due to the large number of sizes and qualities
(De Boer & Kuiper, 1996).

Dielen (1996) indicates that Wood Resources International is expecting a timber scarcity by
the year 2010 and consequently increasing timber prices, while the Timber Committce, according to
their fith Timnber Trend study (ETTS 5), is not expecting any timber shortage at least until the year
2020. These differences in projections may be caused by differences in methodology used. Wood
Resources International is foreseeing a shortage of coniferous wood in the near future, but a surplus of
non-coniferous wood. Consequently they expect pressure on the fiber market and perhaps increasing
coniferous timber prices. This might also be instigated by certification of sustainably managed forests.
Among the most important findings of the ETTS 5 research are an expected increase in demand for
timber products, increasing imports from outside the EU, and unchanged timber prices (Dielen, 1996;
Stolp, 1996).

Table 5.3 Projected Teak Roundwood Prices in 15-25 years and Price
Increase per Teak Fund

Teak Fund Expected Teak Price Assumed Annual Price Increase

(USS/cum)' (%/year)
Tropeco 890 4
Eurogreenmix 670 6
Ecodirecta 600 0
ATF 530 3
Green Fund 500 4
Teca Verde 470 5
Ohra 460 2
Forestales 450 8
Global Green 375 8

Note: ' calculated at USS1=Hf1.80

Under increasing import restrictions and increasing demands, the World Bank (1990) is expecting an
annual real price increase until 2005 of 1 percent for Asian roundwood and 2.9 percent for African
roundwood. Additionally the World Bank expects an annual real price increase of 2.1 percent for
tropical sawnwood. This is more or less in accordance with calculations based on historical Dutch
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teak log price data. From 1979-1992. the actual annual teak log price increasc in the Netherlands has
becn calculated from data of Dutch Association of Timber Traders (NVvH) to be 5.8 percent in
nominal terns. but 2.5 percent in real tcrins. i.e. corrected for inflation. A tentative conclusion may
therefore be that there is no indication that tcak prices will increase strongly in the near future.

The price of timber from managed forests is likely to keep on rising in real terms and access
to cnvironmentally-discriminating markcts will cventually turn in favor of well-managed certificd
forests and plantations. Howcver, competition from sustainable temperate hardwoods will continue
(Keogh, 1996).

It is unlikely that South and Central American teak will reach the samnc quality as old-growth
Indonesian plantation teak, but since the Indonesian government has increased (eak prices during the
last years there might at least be some degree of price competition. According to Grimn (pers.comin.,
1997) teak furniture manufacturers are increasingly more interested in relatively low-priced lower-
quality teak, and with Central American prices of approximately 50% of Indoncsian prices this timber
might pose a serious threat to Indonesian teak.

There still is little experience with the processing of young plantation teak from fast growing
plantations. De Boer and Kuiper (1996) estimate that from a 20 year old tree with a diameter of 30cm.
a maximum of 25 percent of the log volume will be marketable as sawnwood. Improving the quality of
small parts by finger jointing techniques may be an option, though a expensive one.

Teak investment companies have o sell their teak afier 20-25 years to pay their investors.
This makes their position on the timber market vulnerable. Especially for lower qualities. large flows
of teak could put a downward pressure on prices. Besides, due to their large arca of teak countrics
such as Indonesia and India could influence those teak prices (De Boer & Kuiper, 1996). Table 5.3
indicates the widely varying price projections of 9 teak funds.

Unless there will be a valuable application for plantation teak, prices can be expected to
remain relatively low. Leaving the trees in the plantation for a longer period will definitely improve
the marketability of the plantation product. New markets will have to be found. but that can not be
expected to cause large increases in teak prices.

5.5 PRICE OUTLOOK FOR COSTA RICAN EXPORT TEAK

Based on the market information presented in previous sections. it can tentatively be concluded that
current FOB sawnwood prices for prime quality Costa Rican plantation tcak would range from
US$450-500 per cubic meter. From recent data the real annual teak price increases can be expected to
be between 1-3 percent.

From a global perspective, it is further expected that the quality differences between teak
from the various tcak producing regions in Costa Rica is so small. that a diffcrentiation of teak prices
within the country is not to be expected. These finding will be used in (he financial model presented in
the subsequent chapters.
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SECTION 11

CoOSTA RICAN TEAK

DEVELOPING A PROFITABILITY MODEL FOR COSTA RICAN TEAK PLANTATIONS

Teak was first introduced to Costa Rica in 1943 by the Compafifa Bananera de Costa Rica, currently
known as United Fruit Company, i.e. Chiquita. The first plantation was established near Quépos, near
the Pacific coast of Costa Rica. Until the 1980s, teak was planted on a small scale, mainly in the
Pacific lowlands. Rising government interest in reforestation and the subsequent creation of incentives
led to a drastic increase in reforestation in general throughout the country. It has been estimated that
with the help of these incentives some 4,100 hectares of teak were established between only 1990-
1994 (Moya Roque, 1996). However, a similar area has been planted without incentives by private
investment companies. The total current Costa Rican teak area is likely to cover about 20,000 hectare.

This section discusses the development of a profitability model for teak plantations in Costa
Rica. 1n order to place Costa Rican teak production in a broader framework, it first gives a brief
introduction on Costa Rican timber and teak production. This section subsequently discusses the
elements of the model and the applied methodology. In the final chapters the results are presented and
discussed.
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6 COSTA RICAN TIMBER PRODUCTION AND TRADE

6.1 GENERAL

As stated in chapter 1. increase of economic activity and growth of GDP lead almost directly to
increased timber consumption. Currcntly, Latin Amcrica is experiencing strong economic growth. the
strongest increase in GDP in the world aficr South East Asia, while trade is liberalized. This growth is
expected to continue during the next 10 years (Latin Trade. June 1997). According to FAO (1993b)
and WRI (1990) studies. Latin American and Caribbean decforestation amount to half the annual
global deforestation. Subscquently, Latin American timber demand can be expected to risc.

In addition to economic development. development of tlimber stocks is also of major
importance (Sce chapter 1). Compared to global dcforestation, the deforestation rate has been
relatively very high in Costa Rica. In 1966, forests covercd 58.5 percent of the country. but in 1989
only an estimated 42.9 percent, 1.4 million hectare, remained in forest. WRI (1990) and FAO (1993b)
calculated that between 1977-1985 annual rate of loss of Costa Rican forest cover was roughly
between 4-8 percent. Al this rate, Costa Rica is among the countries with the highest deforestation
rate in (he world.

However, there is much dcbate over recent trends in Costa Rican deforestation. Currently,
strongest dcforestation takes place in the Tortuguero, Talamanca. and Peninsula de Osa arca.
However, a large amount of timber is also extracted from revisited secondary forest growth and thcre
is no up-to-date study available on thc remaining timber volume in Costa Rica’s forests. There are
strong indications, however, that natural timber availability in Costa Rica will decrease rapidly during
the next 10 years (Kaimowitz, 1990; Solérzano et al., 1991 Tico Times, July 25, 1997, p1+12).

It is difficult to draw a conclusion on future timber demand in Costa Rica. Even at low
economic growth rate, demand can still be expected to increase. However. it is unclear whether these
effects can already be measured in the near future. This chapter therefore extensively describes the
current Costa Rican timber production and trade and the position of teak therein.

6.2 COSTA RICAN TIMBER PRODUCTION, HARVEST & CONSUMPTION

Costa Rican timber harvest has becn increasing steadily the last decades. Total harvested timber
volume in 1957 was 256.686 cubic meter (Porras & Villarreal, 1986), while DGF, in Lux & von
Platen (1995). estimates the amount of timber processed by sawmills to have increased with 14
percent from 1986-1992 to 944,721 cubic meter roundwood in the latter ycar. Therc is also a
discrepancy of about 30 percent between the governimnent allowed timber logging and the amount of
timber processed by the sawmills. This can at least partly can be explained by illegal harvests and it
indicatcs the weakness of the statistics on Costa Rican timber production.

The composition of the Costa Rican timber stock has been changing drastically the last
decades. In 1992, 17 percent of Costa Rican timber extraction came from the Atlantic Zone and 73
percent from the Northern Region (Lux & von Platen, 1995). However, there are strong indications
that the timber stock in the Northern Region is almost depleted, while, as table 6.1 indicates. most
remaining Costa Rican forcsts are situated in protected areas now. Simultaneously, there are
projections that Costa Rican timber consumption may reach 3.500.000 cubic melcr roundwood by the
year 2020, indicating that at least halve of the national timber harvest should come from plantations
(Moosmayer, 1993).
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Table 6.1 Classification of Forests in Costa Rica

Classification Hectarcs  Percentage (%)
Forest in protected arcas 893.352 57
Forest in non-protected arca:

in buffer zones 215.100 14

for production 218.274 14
Secondary forcst 155.380 10
Planted forcsts 74.196 5
Total 1.556.302

Source: Gonzales, 1992

It can thus be seen that while natural timber resources are rapidly depleted, Costa Rican timber
harvest steadily increases. The first reforestation projects were initiated only recently. By 1993, forest
companies had planted 36,750 hectare of tree plantations in Costa Rica, more or less halve of the total
reforested area (Gonzales, 1992; Moosmayer, 1993). Currently, it may be estimated that total
reforestation reached 100,000 hectares. The species used in tree plantations are indicated in appendix
V. Most important species are eucalyptus, teak, and melina.

6.3 COSTA RICAN TIMBER PRICES

Prices for inore valuable Costa Rican timber species are slowly increasing and this may have
repercussion on the teak price in the near future. Table 6.2 indicates that the average FOB Limén
sawnwood price was US$728 per cubic meter, while timber was imported at US$356 per cubic meter
Although the value of the exported timber apparently diminished between 1989 and 1992, the prices
paid are still high. This value drop might be explained by shifis in the species composition of exports
towards less valuable species.

Table 6.2 Costa Rican Timber Exports and Imports

Exports Imports

FOB Limén value CIF Lim6n value

vear vol. (cu.m.) mill. US$§  USS/cu.m.  vol. (cum.) mill. US$  USS/cu.m.
1989 29,640 23.1 781 14,634 39 268
1990 24,853 22.1 887 8,280 36 454
1991 27,077 16.9 625 4,770 1.9 397
1992 34,814 226 648 7,929 32 409
Average 29,096 21.2 728 8,903 32 356

Source: Lux & von Platen (1995)

Based on data provided by the Costa Rican Cameéra I'orestal (CCF) average real roundwood “at
sawmill’ pricc incrcase during 1996 was 4 perceni. Table 6.3 gives indications on prices and price
changes per wood type and rcgion, making a distinction between ‘classified’ and ‘general’ (comiin)
semi-hardwoods. It can clearly be seen that, based on the national averages, sofiwoods have
diminished in pricc while the prices of more precious woods have strongly increased. This could
indicate increasing scarcity of valuable timber species and Costa Rican plantation tcak could fill in
this niche in the near future. Furthermore, it is also clear that prices vary according to region.
Diffcrences between regions can partly be explained by differences in specics composition per wood
type for each region and by differcnces in distance to major markets.
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Table 6.3 Average 1996 Real Roundwood ‘at Sawmill’ Prices and Changes per Wood Tvpe and

_Region
Type Atlantic Zone Zona Noric Zona Sur National Average
Price’ Change’  Price’  Change’  Price’  Change’ Price’  ( 'h(mge"r
Softwoods 42 -20% 41 ©% 59 -1% 47 9%
Semi-hard. Class. 92 +9% 75 4% 108 +28% 92 +11%
Semi-hard. Gen. 92 +20% 70 +4% 98 +29% 87 +18%
Hardwoods 133 +22% 93 -8% 277 +39% 168 +18%

Based on data provided by CCF, for species sce appendix VI
Note: ' US$/cu.m. April 1997
2 1996 real price change

While the price of softwoods was still decreasing during 1996. the rcal value of (semi-) hardwoods is
apparently increasing slowly.

6.3 DOMESTIC MARKET FOR TEAK

According to Brenes (pers.comm.), there actually does not exist a domestic market for (cak in Costa
Rica. There are many native species which have similar wood characteristics, that are better known by
the consumers, and which are sold at lower prices. Yet. it is also foreseen that within 5 years domestic
harvests will start to change with decreasing supplies of the most favored species. It can thercfore be
expected that there will be a domestic markct for teak in 15-20 years.

Currently, most teak offered to sawmills in the Pacific lowlands shows mal-formations and
conversion ratcs are consequently low, at approximately 20 percent for export quality. Duc to an
artificially high price, set by Bosque Puerto Carillo sawmill’s high demand for teak. in addition to low
quality. it can be stated that a domestic market for teak in Costa Rica is currently abscnt.

Pacific teak farmers are unwilling to sell teak to sawmills at prices lower than US$110/cu.m,
which is comparable to US$80-120 per cubic meter paid for teak in the Southern Pacific region (Costa
Rican Camcra Forestal). This discrepancy finds it origin in the high tcak prices previously offered by
former Bosque Puerto Carillo’s sawmill. However, sawmills are currently unablc to sell tcak
sawnwood at compelitive prices, as conversion rates are below 40 percent and competition from other.
superior timbers, is large. To give an indication; at these high tcak log prices. quality teak sawnwood
would have o be sold by the sawmills at US$700 per cubic meter, while timber from pochote and
cedro is currently sold at prices of US$440 per cubic meter.

6.5 SUBSIDIES

Since 1977 the Costa Rican government initiated a serics of subsidies under the Law on National
Reforestation (nr.4465). There are three subsidies available; (1) the Forestry Subsidy Certificate
(Certificado de Abono Forestal, CAF) and (2) thc Advanced Forestry Subsidy Certificate (Certificado
de Abono Forestal Adelantado, C AFA) since 1986, and (3) the Forestry Development Fund (/ondo
de Desarrollo Forestal. FDF) since 1989. According to van Lecuwen and Hofstede (1995) with both
CAF and CAFA the amount of US$845 per hectare can be obtaincd, whilc the FDF amounts to
US$435 per hectare. Of the FDF subsidy 15 percent is subtracted and of the CAF 20 percent for
administration costs. CAF is completely paid in onc term, 9 months after planting, while FDF and
CAFA are paid over a period of 5 years with a distribution of 50, 20, 15, 10, 5 percent subsequently
(Brouwershaven, 1993; van Leeuwen & Hofstede. 1995).

There are sotne requirements to obtain governinent subsidies. A map of the farm and a
reforestation plan drawn up by a registered forestry cngineer is needed. For both CAF and CAFA a
land title is required, though many smaller farmers do not have onc. The minimum density required to
obtain subsidy is 1.111 trees per hectare. CAF regulation requires weeding twelve times in the first
two years afier planting, and (wice in the third, the fourth, and fifth year (van Leeuwen & Hofstede,
1995).
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The effect of these incentives has been that many farmers planted teak and other species for
the payment of the subsidies only. In subsequent years they omitted management of the plantations,
which led to poor growth, mal-formation of the trees, and subsequently high conversion losses at the
sawmill.

Jelger de V'riend, 1998
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7 COSTA RICAN TEAK PRODUCTION

7.1 TEAK PRODUCING REGIONS

To reach a better understanding of Costa Rican teak production a distinction is made betwecn the teak
producing regions in the country. Teak production takes place in the lowlands of 4 regions: (1) the
Atlantic Zone, (2) the Zona Norte, (3) Guanacaste and (4) Central and South Pacific. The basis of this
distinction mainly stems from climatic differences displayed in tablc 7.1.

Table 7.1 Climatic Data of Teak Producing Regions

Region mean annual temp.  mcan annual precipilation  dry period
(°0) (mm) (months)
Atlantic Zone 23-27 3400-4500 0
Zona Norte 25-27 2700-3500 0-2
Northern Guanacaste >27 1300-1800 5-7
Peninsular Guanacaste 26-27 1800-2400 5
Central and South Pacific 24-27 2000-3200 3-5

c.f. Herrara, 1985

Based on these climatic data two major teak production areas can be distinguished, namely (1) the
Pacific lowlands, including Guanacaste and Central and South Pacific, and (2) the Atlantic lowlands,
which include the Zona Norte and the Atlantic Zone. This distinction mainly stems from the
difference in the length of the growing season; the Pacific lowlands have a distinct dry season of 3-7
months, while growth in the Atlantic lowlands is only halted during | or 2 months. On average. the
climatic effect on growth is considered to be generally the same within thesc supra regions.

7.2 TEAK MANAGEMENT

Management of teak plantations has strong repercussions on the quality of the final product. Bad
managcment is reflected in cruel stem shapes, making it more difficull to optimally saw the logs. and
incorporation of knots and other defects.

There are many disappointing tcak plantations throughout the world. These arc based on
poor-quality genetic material, or located on poor sites, and/or badly managed. According to Kloos
(pers.comm.), older West African plantations have been less looked after. not being thinned nor
pruned. This has had strong repercussions on the quality of tcak currently available from that region.
A similar phenomenon is currently seen in Guanacaste.

In general. there is much room for improvement. What is mostly needed arc good sced
sources, appropriate soils and topographic conditions. good drainage. appropriate heat, humidity and
precipitation, and a good management. Under such conditions, successful projects can be established,
with rotations of preferably from 25-40 years (Centeno, 1997).

This paragraph subscquently describes the different aspects of Costa Rican tcak production.

7.2.1 PROVENANCE

Teak trees found in Costa Rica are believed to stem from two ancient provenances. (1) the Tenasserim
(Myanmar)-Trinidad and (2) the Sri Lanka-Panama provenance (Chavez & Fonscca, 1991). Teak
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currently planted in Costa Rica stcms from seed trees in the Quépos region, along the Pacific coast.
Teak provenances generally differ in form and color of leaves, color and structure of the bark, and
stem form (Lamprecht, 1989). There are some indications that stem form of the trees is better in the
Pacific than in the Atlantic lowlands. However, there are no clear data available to verify that.

7.2.2 INFRASTRUCTURE AND DISTANCE TO MARKETS

Together with growth rates, transport costs are a critical factor in the final profitability of a plantation.
If timber can be processed close to the growing area and it can be dried and sawn accurately to the
dimensions required by the target market, then considerable savings can be made and higher prices
can be obtained, compared (o the situation where material must be transported over long distances in
the round or in semi-processed state without drying. 1t is therefore not advisable to start plantations in
areas which are difficult to access duc to natural barriers.

By processing the material closc to the growing area, more benefits accrue to the growers.
Returns may be further enhanced by producing value-added items (Keogh, 1996). Large teak
plantations, such as Flor y Fauna, have invested in sawmills for the sole purpose of increasing the
value of their produce.

7.2.3 ESTABLISHMENT

Teak plantations are established cither with pseudo-estacas, i.e. uprooted stumps, or seedlings in
bags, i.e. container stock. The uprooted stuinps ideally have a basal diameter of 1-2 centimeter when
their stem is cut back to about 5 centimeter and their roots to about 20 centimeter (Lamprecht, 1989).

Usually, teak planted from container stock is not replanted because mortality is practically
zero and drop-outs are considered part of the first thinning. Mortality with stumps is litile. Data from
Changuinola, Panama, and Talamanca, Costa Rica, indicate that within the first 6 months 6 percent
of these plants had to be replaced, followed by about 8 percent mortality within the first 5 years after
planting (Lujan Ferrer, 1994; Lujan Ferrer et al., 1997). In the Pacific lowlands, dryer than usual
years occasionally cause higher mortality in the first year afier planting, or may even force to postpone
planting for a year or wnore.

Initial spacing has marked effccts on growth, quality and cost of establishment of the
plantation. Under poor site conditions the teak plantation should be established at closer spacing
(Kaosa-ard, 1995b). Most Costa Rican teak is planted at 1110 or 1800 trees per hectare.

7.2.4 WEEDING

As teak is a light-demanding species, intensive weeding in 1-5 year-old plantations is very important
(Kaosa-ard, 1995b). On slopes it might be advisable to be careful with weeding since the undergrowth
reduces erosion caused in teak plantations on slopes.

7.2.5 THINNING

Thinning is done for a multitude of reasons, including an increase of marketable volume production,
improvement of stand hygiene, accessibility, liquidity, to favor non-timber functions of the forest, to
maximize financial results or make the stand less prone to wind damage (Filius, 1992). According to
Sanchez (1993) selection takes place based on stem form, diameter, comniercial height, phytosanitary
state, and size and vitality of the crown. As thinnings advance there are progressively less trees to

A A
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choose from and greater effort should be made to avoid felling the best trees that will constitute the
final crop.

Early thinning reduces the costs of maintenance in the sense that less trecs have to be pruned
and taken care of. It also partly pays back the burden of the investment at establishment of the
plantation. However, if thinnings are delayed too long mcan annual increment of the plantation will
decrease and the final crop will not reach its maximum dimensions. As a result, delayed thinning will
harm the financial returns and thinnings have to be planned carefully.

For Costa Rican reforestation projects with teak, MINAE ofTicials promoted the Miller
regime of thinning from Trinidad with a discrimination of sitc suitability for teak. The first two
thinnings are based on top height; the mean height of the 100 largest diameter trees per hectare. The
first thinning takes place when top heighl is 8 meter and the second is cxecuted when the trees reach
15-16 meter top height. Subscquent thinnings are based on the (otal basal arca. When basal area’
reaches 20-21 m?/ ha, the thinning reduces the area to 14-15 m% ha. (Chavarria & Valerio Valerio,
1993; Keogh, 1987). Appendices IX and X indicate the thinning schemes in the model.

Trees have to be marked for thinning. At smaller diameters, thinning takes place with
machete, while at larger diameters a chain saw is used. Unfortunately, there are not enough data
available to model the effect of prolonged thinning and different thinning regimes on teak production
in Costa Rica.

On slopes, the manager might decide to increase the intensity of thinning in order to
stimulate the growth of weeds. This ground cover might reduce crosion under tcak planted on slopes.

7.2.6 PRUNING

Keogh (1987) and Lamprecht (1989) recommend to start pruning early. This improves the quality of
the wood and increascs the marketable height on the best trecs. Teak does not respond well to pruning
and wounds heal slowly. Therefore, grcat care should be taken to minimize damage.

Absence of annual pruning in the first years afler planting of wider plantings lcads to the
formation of sprouts and branching of the trec thus indirectly leading to lower timber qualities. There
are ample examples of bad pruning practices in Costa Rican teak stands. In the model. pruning is
expected to take place during the first years and the years following a thinning.

7.2.7 PESTS AND DISEASES

Teak is considercd to be very resistant to pests and diseases and reported manifcstations are generally
of minor importance (Chavez & Fonseca, 1991). However, insccticide is sometimes used to prevent
leaf-cutter ant attacks. Appendix VII indicates reported pests and diseases in Costa Rica. In the
plantations of the Atlantic lowlands it can clearly be observed that phytosanitary state of the trees is
worse in these regions than in the Pacific lowlands. Leaves are scarred and show fungal bicishes.
Recently, a manifestation of Nectaria was observed on teak in the Atlantic lowlands. This disease
causcs opening of the bark of the teak (rec and subsequent mal-formation of the trunk. These
phytosanitary problems have led to the conclusion that threat from pests and discases can be
considered 1o be significant in the Atlantic lowlands and could seriously hamper production of quality
teak. To date, however, quantitative data of these phytosanitary thrcats are lacking.

7.2.8 FERTILIZATION

It is common practice to apply fertilizer as a start application before planting of teak. However, data
on the effect of fertilization on tcak growth are scarce. Recently some rescarch plots were established
in the Atlantic lowlands to investigate the cflect of fertilization on teak growth in 3 year old
plantations. However, to date no significant differences in growth have been found.
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Pocls (1994) states that when starting a teak plantation on foriner grassland or agricultural
land, which is ofien the case in Costa Rica, large nutrient shortages will develop during development
of the trees because of iminobilization of nutricnts in biomass. Shortages will be larger during the first
ycars afier establishment. In order to replenish shortages, it is advisable to apply 50 kg P, 200 kg K,
and 300 kg Ca per hectare. in the second year on the well drained low fertility soils. Poels also reports
large N-shortages, though he states that artificial fertilizing could prove to be too expensive.

7.2.9 FIRE AND STORM CONTROL

Fire and wind control are important in Costa Rican teak production. Wind problems are severest
during the dry season in parts of the Guanacaste region. Fire control includes the formation of clean
fire lanes in the plantation.

In spite of the low average wind velocities, teak in the Atlantic lowlands is occasionally
suffering from scvere wind gusts during thunderstorins. Storms bend the younger trees which
subsequently have to be fixed by ropes in order to prevent further damage. This is rather labor
intensive. According to De Graaf (pers.comm., 1998), bending of the stem is an indication of
unbalanced growth between crown volume and timber composition of the stem.

Jelger de Vriend, 1998 38



Teak: An Exploration of Market Prospects and the (hutlook for Costa Rican Plantations based on indicative Growth Tables

8 CONSTRUCTION OF GROWTH TABLES AND A MODEL FOR
FINANCIAL ANALYSIS

This chapter describes the applicd methodology. It first discusses he construction of indicative growth
tables for the model. Then it discusses the clements of the model and presents applied formulas for the
financial analysis.

8.1 CONSTRUCTION OF INDICATIVE TEAK GROWTH TABLES

Volume growth of teak is an elementary part of thc modcl presented in this paper. To date. however.
Costa Rican tcak growth has had only marginal attention and reliable growth tables arc still lacking.
Thercfore, preliminary growth tables were constructed within the framework of this study. Thesc
tables give the maximum attainable teak volume under optimal management. Optimal management is
interpreted in this study as well pruned and well thinned stands. Plantations on slopes were excluded
as their growth is gencrally poorer and not represcntative for the region.

Costa Rican teak plantations have becn established largely during the last 8 years. Only few
well-inanaged and representative stands can be measured that surpass that age. Therefore, it has to be
stressed on forchand that the prescnted tables could only be bascd on data gathered from relatively few
plots. The tables thus serve as an indication of teak growth classes in the two regions analyzed in the
model, rather then that they represent well-analyzed and sound tcak growth tables for Costa Rica. As
such, these preliminary tables can only be used to indicate teak growth in general terms. Exicnsive
future research should aim at producing well-bascd growth tables.

Teak growth was measured in thirtcen well-managed teak plantations in the Pacific and
Atlantic lowlands of which the age could be determined from records. Per plot of 20-60 trees stand
density, height and diameter at breast height (DBH) were determined. Together with previous CATIE
and REPOSA teak growth measurements of the same plots. thcse measurements served as the basis of
the indicative teak growth table. A summary of these field data is presented in appendix XI.

The indicative teak height and diameter growth presented in the preliminary growth tables of
this report have been derived from these field plots and from Miller’s 1969 growth tables for Latin
America. The formulas for Miller’s height and diameter growth were derived from his tables by
regression analysis. Although it is more sound to derive growth from the basal area (Jansen. pers.
comm., 1998), diameter was chosen because it is also used in the calculations of volumes paid to the
farmer at the sawmnill.

The Miller yield tables were uscd to derive two new growth classes. for which the highest
growth class of Miller formed the basis of the lowest growth class presented in this report. For the
medium and high growth class, height and diameter growth are based on a multiplication of the
highest growth class data of Miller with 1.2 and 1.4 respectively. This decision is based on the ficld
observations depicted in appendix XI.

Based on experience, Miller's height growth was slightly adjusted for growth after 20 years.
Height and diameter growth are depicted in figures 8.1 and 8.2. Standing volumes are depicted in
figure 8.3. Whereas the thinnings clcarly can be distinguished in figure 8.3, the former two arc
smoothencd for use in the model.

Formulas for the model were derived from the newly established tables by regression
analysis. The DBH formulas presented in appendix X11 were further used in the model (o calculate
conversion rates.

With the height and diameter, ‘basal area’ (G) and ‘volume per hectare” were calculated.
Although the form factor is dependent on genotype. age. stocking, crown size. and site factors such as
wind exposure, it has been sct to 0.5 in the model in order to simplify volume calculations (Philip,
1983). Future research should provide more detailed information on the variation of the form factor of
Costa Rican tcak. '
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Soil fertility and climate are strongly reflected by height growth at a given age (Philip, 1983). The
high height growth values thus suggest that Costa Rican teak plantations generally are established on
fertile soils and under favorable climatic conditions.

Additionally, it was observed froin the field data that height growth is less in the Pacific
lowlands. Therefore, height growth has been reduced with a factor 0.89. This conversion factor was
derived from the observation that the height data at a certain DBH did not fit the table, unless the data
were adjusted by multiplying the data with a factor of 0.89 on avcrage. Diameter growth is equal in
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both Atlantic and Pacific growth table. Based on experience, teak height growth in the high.
medium, and low growth classes in the Pacific lowlands is assumed to remain constant at respectively
0.3, 0.25, and 0.2 m per year from year 20-30, while it is assumed (o remain stable at respectivcly
0.35. 0.28, and 0.23 m per year for the Atlantic lowlands.
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In addition, since tcak in the Pacific lowlands is susceptible to wind damage. a wind correction factor
has been introduced. These reductions have been arbitrarily cstablished by Nieuwenhuysc
(pers.comm., 1997) and are based on the relation between wind charts and observations in the field of
the wind effect on teak growth. The correction factors used in the model are presented in table 8.1.

Table 8.1 Estimated Volume Reduction due to Wind DDamage

Wind Effect Reduction (%)

no effect (0) 0
slight effect (1) 10
modcrate cffect (2) 25
strong cflect (3) 45

Nieuwenhuyse, pers.comm.

The generated indicative teak growth tablcs, divided in high, middle and low growth class. uscd in the
model are presented in appendix IX and X. These tables assume optimal managewment, especially
optimal timing of thinnings. Thinnings were introduced according to the ‘rulc’ that the first 2
thinnings are based on height. while the subsequent thinnings are based on basal area. In practice
however, thinnings are rctarded and often stronger, making sub-optimal use of the growth potential.
Thus. teak growth for most plantations will in practice be lower. However. it is impossiblc to give
sound indications as to how much the actual yicld in moderate teak plantations deviates from the
potential yield presented in these tables.

DETERMINING THE VOLUMES FARMERS ARE PAID FOR AT THE SAWMILIL,

In order to calculate how much is actually paid to the farmer several corrections have to be made. First
the volume per trec has to be adjusted to the real volume the farmer can sell to the sawmill. Sawmills
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only accept logs with a minimum top diameter of 15cm. 1t has been calculated that of the total voluine
per tree calculated from the formula, 0.012 cubic meter has to be subtracted in order to correct for the
top part of the log with diameters below 15 centimeter (Nieuwenhuyse, pers.comm, 1997).

8.2 DERIVING FUTURE LOG PRICES & CONVERSION RATES

Future timber price is dependent on timber quality and its dimensions. Age and growth class are input
in the diameter growth function (appendix XI11), giving the diameter at a certain age. The diameter
largely determincs the conversion rate at which a log is sawn; logs with a larger diameter have a
higher conversion rate and, consequently, relatively less second grade timber and waste. Conversion
rate, annual price increase, distance to the port of Limén, and a current basic timber price finally
determine the future log price paid to the farmer by the saw mill. Several formulas have to be derived
to enable price projections.

The average price of transportation from sawmill to Limén is calculated to be about US$350
per 40 feet container from the Atlantic lowlands and US$500 if the sawmill is situated in the Pacific
lowlands. A container can carry 30 cubic meter of sawnwood.

In order to facilitate conversion from roundwood to sawnwood in sawmills, function 1 was
derived by regression analysis from the data on teak conversion rates presented by Moosmayer (1993).
It assumes trees to be well-managed and relates round wood volume to prime export quality
sawnwood. Mal-formations duc to bad pruning and thinning management and wind effects are not
included in this formula and lead to additional losses.

cr = 0.9579p8H’ - 2.0529pBH° + 1.3915DBH +0.2012 Q)

with: c¢r conversion rate
DBH log diameter at breast height (m)
(R?=0.99)

This function is valid for logs with a DBH of 10-50cm. Local sawmills only accept logs with top
diameter 15cin or larger. Logs with top diameters larger than 50cm are assumed to have a constant
conversion rate of 0.5. However, if only small dimensions are needed, the conversion rate further
increases. Greentree S.A., a consortium of forestry enterprises in the Atlantic lowlands of Costa Rica,
states that it is able to convert 3 year old teak logs at a maximum rate of 0.54 for producing small
lumber sizes for making bird cages.

Furthennore, prices paid to farmers by sawmills are constant in Costa Rica. Therefore, a
fixed price per cubic meter is used in this model. This is an artificial adjustment of the market
conform payment, i.c. where logs of a larger diameter are paid more per cubic meter, which benefits
the sawmills.

8.3 THE MODEL

The profitability model presented in this section is composed of several components namely; (1) a
labor input section, (2) a material input section, (3) an output scction, and (4) a summary, variables,
and results section. It is written in Microsoft Excel. Input to the model is based on surveys executed
during previous research of CATIE and WAU (Nieuwenhuyse and Floors, pers.comm., 1997). Table
8.2 indicates the actors included in the model and whether they are variable or constant. Overhead
costs have been omitted.

‘19
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Table 8.2 Variable and Constant Input (per Hectare) of the Model

Variables:
Region; Atlantic or Pacific;
Growth class; high, medium. or low:;
Discount rate, including a risk premium;
Minimum wage as shadow price of labor;
Future price increase and basic export quality FOB Limén sawnwood pricc for teak:
In- or exclusion of Governiment rcforestation subsidics;
Output correction for wind damage;
Timber conversion rate;
Transport costs from sawmill to Limén;

Labor input;
storm or fire control;
container stock or stumps;
Material input;
container stock or stumps;
land preparation.
Constant:
Labor input;
field preparation; 70 hours in year |;
distribution of plants in field; 6 hours in year |;
fertilization; 7 hours in year 1 and 2;
maintcnance; 71 hours in year 1,
112 in year 2,
79 hours in year 3,
31 hours in year 4,
and 27 hours in year 5-20;
disease control; 6 hours in year 1-3;
thinning; dependent on volume (o be thinned:
1 cubic meter equals | hour of labor.
pruning: 28 hours in years 1-3,
subsequently pruning takes place
following each thinning at 14
hours per thinning.
Material input;
herbicide; 2.8 1at USS 4.19 per liter in year 1-3;
pesticides; 1.3 1 at US$ 2.07 per liter in year 1-3;
fertilizer; 100 kg at US$ 0.30 per kg in year 1 and 2.

The model returns 4 financial indicators as output in order to quantify financial returns. Thesc four
indicators are; (1) benefit-cost ratio (B/C-ratio). (2) Nct Prescnt Value (NPV), (3) the Annual Income.
and (4) the Land Expectation Value (LEV). Where possible the Internal Rate of Return (IRR) was
calculated. The following paragraphs describe the formulas used (o calculate these indicators.

8.3.1 DISCOUNT RATE AND DISCOUNT FACTOR

Discount rate is a derivative of bank interest rates corrected by inflation and reflects the opportunity
cost of capital. Choice of discount rate is an important element in financial and economic analysis.

. Choice of discount rate not only determines whether a project is acceptable from an investment point
of view, it also influences its ranking as compared to other projects. Additionally the impact is
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cspecially felt in the situation of long-terin investments and large initial costs. The discount rate is
dependent on the origin of invested capital. If capital originates from Costa Rica an appropriate
discount rate is 10 percent because in Costa Rica the nominal interest rate, derived from the dollar
discount rate, is more or less 12 percent (Jansen, pers.conun., 1997). Schipper (pers.comm., 1998)
suggests that currently the discount rate may be estimated at 7 percent. Dutch capital investments in
Costa Rica can be discounted at 5 percent. However, since discount rates are not prescribed a
sensitivity analyses is executed (Filius, 1992; Price Gittinger, 1982).

Formula 2 shows the applied calculation of the discount factor in this study.

1
df = ——— )
4 (+i+r)"
with: i ' interest (discount) rate
r premium for risk
n number of years

8.3.2 NET PRESENT VALUE AND ANNUAL INCOME

The Net Present Value (NPV) is the most straightforward discounted cash flow measurc of project
worth. It can be summarized as the present worth of the income stream generated by an investment.
Its limitation is that it can only be used when plantations of equal rotation length are compared. The
forimula of the NPV is presented as formula 3. This can partly be surpassed by calculating Annual Net
Revenues or Annual Income. Projects can be accepted if the NPV is larger than zero. It is an absolute,
non-relative measure, and ranking of acceptable, alternative independent projects is not possible with
this criterion. However, the NPV is the preferred selection criterion to choose among mnutually
exclusive projects assuming that these projects are of equal length (Filius, 1992; Price Gittinger,
1982).

B -C
NPV =% ——L 3)
= (1+47)
with: B, benefit in year ¢
«, cost in year /

NPV also enables the calculation of the Annual Income. Annual Income can be calculated by
multiplying NPV with the Capital Recovery Factor (CRF) for the length of rotation. The formula for
the CREF is presented in formula 4 (Price Gittinger, 1982).

Rp < QD) @
(1+i)" -1

with: n number of years

8.3.5 LAND EXPECTATION VALUE

The Land Expectation Value (LEV), depicted in formula 5, is used as a decision criterion for selecting
the optimum rotation. The LEV assumes that land is forested in perpetuity and determines that

- ver
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rotation which gives the (bare) land its maximum valuc. LEV includes the NPV of all future roiplions
(Filius, 1992).

v.(1+i)"
LEv = LED )
(1+i)" -1
with: V), net present value of the first rotation
T length of rotation

8.3.4 BENEFIT-COST RATIO

The benefit-cost ratio (BC-ratio) is the ratio obtained when the present worth of the benefit stream is
divided by the present worth of the cost stream. The general rule is that projects can be accepted
which have a BC-ratio larger than one. The following formula (6) is used in thc model.

G n_
= (1+i)'
5_ G

o (1+3)’

BC - ratio = (6)

8.3.5 INTERNAL RATE OF RETURN

The Internal Rate of Return (IRR) is the discount rate which makes the net present value of the
incremental net benefit stream. i.e. the incremental cash flow, equal to zero. It is litcrally the
maximum interest a project could pay for the resources used if the project is to recover its investment
and operating costs and still break even. The model! calculates the IRR through 20 iterations. Where
there is more than one IRR, the model returns an error value and IRR can consequently not be used as
a criterion.

The IRR is considered to be very useful and the World Bank, for instance. uses it for all its
economic and financial analysis. Formally. all projects should be selected which yield an interest rate
equal or greater than the opportunity cost of capital. However. the IRR can not directly bc used to
compare mutually exclusive projects or project with different rotation length (Price Gittinger. 1982).
Filius (1992) and Price Gittinger (1982) suimarize a series of other constraints which to some extend
devaluate the IRR.

8.4 ASSESSING RISK

Risk assessment and knowledge are strongly related. Gathering information and improving
management eventually decreases risk. In addition, unccrtainty increascs with length of rotation and
therefore uncertainty in forestry cnterprises is considcrable. Unrealistic assumptions about vield. the
trend of future prices, and the relative cffect of inflation can make the outcome of the analysis useless.
Filius (1992) distinguishes the following groups of risk factors: biotic, abiotic. socio-cultural. political,
and market.

Unfortunately, risk oftcn can not be quantificd and since it is often related to human behavior
it is even more difficult to predict. In this study risk is assessed by inclusion of a risk premium in the
formula of the discount factor (formula 1) which is used in sensitivity analysis.

In Costa Rican praclice, scveral types of risk are discerned. In the Atlantic lowlands there is a
considerable risk imposed by pests and diseases. This stems from the absence of a dry period. Such a
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dry period drastically diminishes disease and pest pressure on the trees as it does in The Pacific
lowlands. This makes close monitoring and disease control measures a prerequisite for teak growing
in these regions. To date, it is unclear if discases can cause so much damage as to effectively lower the
timber yield.

During the dry season, The Pacific lowlands suffers from a serious threat of forest fires. With
appropriale measures taken in plantation management and design this threat is largely minimized.
Drought also causes problems for teak survival after planting. The Liberia plain is notorious for its
harsh dry season climate combined with strong winds.

On the other hand, the Atlantic lowlands are prone to storm damage. This threat to mainly
young plantations is severe and il is unclear to what extent trees suffer from storm damage.
Additionally these Zones regularly suffer from floodings. Prolonged inundation kills the trees. These
risks can largely be minimized by proper site selection.

Independently from province, earth quakes form a threat to plantations in the entire country.
Severe earth quakes, such as the Limén earth quake in 1991, also indirectly influences teak
plantations since it can destroy infrastructure limiting timber transport.

Another risk related (o teak planting stems from the danger of expropriation by the State
government. This risk is not likely to be high in Costa Rica. Together with economic and social
stability, it is a major factor influencing the decision (o invest in teak in a certain country. The last
decade, Latin America has witnessed political and economic stability, economic growth, privatization,
commercial opening and regional integration.

Finally, there always is the risk of theft and vandalism. The later is also instigated by social unrest.
Teak plantations therefore also have (o be guarded carefully.
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9 RESULTS

9.1 INDICATIVE TEAK GROWTH

Based on the generated teak growth table, depicted in appendices IX and X, it is calculated how large
the indicative teak volume is after the standard rotation length of 20 years. These data are displayed in
table 9.1. Again, it has to be stressed that thesc data are preliminary and indicative.

Table 9.1 Indicative Teak Stand Volumes (cu.m./ha) afler 20 Years for |1 Hectare of Teak per Region

Pacific Region Atlantic Region
Low  Medium ligh Low  Medium  High
Standing Volume 194 261 278 249 276 284

Cumulative Volume 403 564 711 474 630 772

Figure 9.1 gives an indication of the predicting capacity of the teak growth tables. It depicts the
measured average height in the field versus the height derived from the growth tables.

25

b -4

3

Average heyght from growth tables (m)

0 s 10 1 0 2
Average height from field measurement (m)

Figure 9.111leight measured in the field versus height derived from the tables

9.2 STANDARD SCENARIOS

In order (o facilitate a sensitivity analysis for both the Pacific and Atlantic Region, a standard set of
values is used to calculate a standard scenario. This standard rcpresents the average settings of
variables on an average tcak plantation in the Pacific or Atlantic Region. In the calculations. labor
costs are assumed to be 1 US$ per hour. The discount rate is fixed at 0.08, equal to the real discount
rate in Costa Rica. Furthermore it is assumed that managers apply for governinent subsidies. CAF,
CAFA and FDF. Firc and storm control are a necessity and are incorporated in the calculations. In the
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standard calculations it is assumed that fanners use container stock. Therefore, replanting is not
included since the number of drop-outs can be assumed to be so sinall that they can be considered to
be part of the first thinning. In the standard scenario, it is assumed that land preparation is omitted.
Average distance (o the sawmill is assumed to be 15 km, resulting in a price of US$20 per cubic meter
for transport to sawmill. Annual price increase is set at 2.3 perccnt and the FOB sawnwood price in
Limon is assumed to be US$ 400 per cubic meter for prime quality export teak (See chapter 5).
Finally, most Pacific teak is suffering from slight wind effects. Therefore, the wind factor for the
Pacific Region is on average set at 1, or a reduction of 10 percent of marketable volume. The standard
length of rotation is 20 years.

The results of the standard calculations are indicated in table 9.2. MsExcel is unable to
calculate the IRR for the standard setting. This may either be caused by the inclusion of subsidies in
the first years, which renders the NPV in the first years positive and disables the calculation of the
IRR, or it may be caused by the limited number of iterations the model is making for calculations.

Table 9.2 Financial Indicators of the Standard Calculations per Girowth Class and Region for |
Hectare of Teak (dr - 0.08)

Pacific Region Atlantic Region
Low Medium  High Low Medium  High
B/C-ratio 3.03 3.25 3.33 3.40 4.13 3.56
NPV USs 11727 18535 24194 15850 23793 31555
Annual Income  US$ 1114 1817 2464 1505 2332 3214
LEV USS 13923 22713 30803 18817 29156 40174

Prices paid at the sawmill for premium quality teak were derived from the Limén sawnwood prices
calculated in section 5.4. It is estimated that current log prices paid to the farmer at the sawmill range
from USS 115-155 per cubic meter, depending on diameter and with minimum top diameter accepted
at sawmill of 15cm.

Table 9.3 Total Labor and Material Input for 1 llectare of Teak per Region

Pacific Region Atlantic Region

Low Medium  High Low Medium  High
Total Material Input (USS)' 13299 18514 23257 15577 18159 30209

‘Total Labor Input (USS)'? 1683 1845 1970 1761 1911 2087
note: ' not discounted
2 at USS | per hour

Most important labor task is annual maintenance; demanding 38 percent on average of (otal labor
input. With decreasing growth rates, maintenance becomes more important. Plantation establishment
requires 10-12 percent of total labor input, while executing the thinnings and final cut demands 24-37
percent of total labor input, depending on growth rates, or rather timber volume to be cut. The
difference between the labor input in the lowest and highest growth class within regions is about I8
percent (table 9.3). Considering the large differences in output, this indicates that there are relatively
little differences in labor input between growth classes.

Of total costs in the Pacific and Atlantic Region, material costs are much more important
then labor costs. It can be derived from table 4.3 that material costs amount to 84-91 percent of total
production costs. With decreasing teak growth, material costs become relatively less important.
Material costs are dominated by the costs of logging, transport to the landing, and loading (L-T-L),
amounting to 37 percent, and transport costs (o the sawmill, covering 61 percent of total costs. It has
to be stressed that these data are based on an average distance from farm to sawmill of 15 kilometer.
The remainder, approximately 2 percent is covered by the planting material and inputs such as
herbicides, pesticides, and fertilizer.

The present value of total costs of 20 years of teak production, including establishment,
ranges from US$ 5,787-10,391 in the Pacific Region and from US$ 6,608-12,323 in the Atlantic
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Region. Differcnces again are due to differences in timber volumes, while the cost of land purchasc is
excluded from the calculations.

9.3 SENSITIVITY ANALYSES

In order to rank the importance of the variables, a sensitivity analysis of 20, 40, and 60 percent
increase of the value of the variables was executed. Table 9.4 displays thc change of the NPV when
the standard value of the variable is increased with 40 percent. Percentage of change of NPV. annual
income, and LEV are equal.

Table 9.4 Change of NPV at 40 Percent Deviation from Standard 1'alue

Variable -40% Standard +40% Change (%) of NPV
Discount rate 0.05 0.08 0.11 60 - 69
Increase of FOB sawnwood price (USS$) 240 400 560 +40 - +41
Increase in real annual price increase (%) 14 23 32 +13-+16
Increasing distance landing to sawmill (km) 9 15 21 S5--7
Increasing shadow price of labor 0.6 1 1.4 2--4
Increase in transport costs Sawmill-Limén -2
Onnission of firc and storm control +1

Choice of plant material 0
Inclusion of land preparation 0

The effect of the discount rate is strongest on the outcome of the investment. Figure 9.1 depicts the
effect of the discount rate on the NPV and figure 9.2 displays the effect of the log price paid to the
farmer at the sawnill in relation to the NPV.
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45000 |
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200 220 240 260 280 300 320 340 360 380 400
Log Price (US$/cu.m.)
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+
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Figure 9.1 Relationship between FFOB Limén Log Price and NPV
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Figure 9.2 Relationship between Discount Rate and NPV for Atlantic lowlands

Both FOB sawnwood price and the real annual price increase determine the future price of teak paid
to the farner at the sawmill. OF these two factors, changes in FOB Limén sawnwood price have the
largest effect on profitability. An increase of 20 percent to US$ 480 per cubic meter, results in an
increase of 26 percent of the NPV. A sawnwood price of US$ 640 per cubic meter, 60 percent
increase, results in an average increase of the NPV of 51 percent.

An increase of the annual price increase with 20 percent to 2.7 percent annually, results in a
subsequent increase of the NPV of around 8 percent. If the annual price increase equals 3.7 percent, or
60 percent above the standard value of 2.3 percent, the NPV is around 21 percent higher.

According to financial indicators generated by the model, the choice of using container stock
or stumps has no effect on the financial outcome of the project. Applying for government subsidics, on
the other hand, does have a marked effect on the financial indicators. In the Pacific Region the NPV
diminishes 5-10 percent if subsidies are not included, while NPV diminishes 4-7 percent in the
Atlantic Region. On the worse growth sites, application for subsidies has a larger effect. Additionally,
it is found that the FDF subsidy of US$ 435 is the most influential subsidy as NPV diminishes 7
percent if this subsidy is omitted.

Wind corrections are only relevant for the Pacific Region, and especially Guanacaste
Province. Increasing wind factors havc a strong effect on the results of the plantation. Wind factor 2
and 3 subsequently lead to a decrease of 32 and 114 percent of the NPV as compared to the standard
wind factor 1 in the Pacific Region. In addition, fire and storm control have a neglectible effect on the
profitability. If these measures are omitted, the NPV increases 1 percent.

Increasing conversion rates at the sawmill would increase the profitability strongly with and
increase of 9-17 percent of the NPV if a conversion rate of 0.5 percent can be guaranteed, and with an
increase of 28-34 percent if conversion is possible at a rate of 0.6.

9.4 ROTATION LENGTH

Rotation length has a marked effect on the financial outcome of the project. Table 9.5 indicates the
annual income at rotations of 20, 25, and 30 years of the standard senario.
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Table 9.5 Annual Income (Al) at Different Rotations (i--0.08)

Rotation Length Low Medium High - =
Atlantic  Pacific Atlantic  Pacific  Atlantic  Pacific

20 years 1505 1114 2332 1768 3214 2464

25 years 1530 1135 2261 1715 3105 2306

30 years 1458 1083 2142 1621 2943 2185

It can be observed that with in the lower growth class extension of the rotation period results in
additional annual income, while apparently the economic optimal rotation of the medium and high
growth class is before 20 years. Increase of rotation length with 50 percent, from 20 to 30 years.
results in a decrease of annual income ranging from 3-11 percent.
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10 DISCUSSION AND GENERAL CONCLUSIONS

This final chapter will present the discussion and conclusion.

10.1 TEAK PRODUCTION & YIELD TABLES

Keogh (1996) indicates that, relative to previously established yield tables, increased growth rates can
still be achieved by increasing crop nutrition. Most Costa Rican teak is planted on fertile soils and
under extremely favorable climatic conditions of high rainfall and a short dry period. This is generally
believed (o lead to increased timber yields (Philip, 1983). Indian research has yielded similar findings
(Jagannath Reddy, 1995; Prasad, 1995).

Centeno’s (1997) projections of average teak growth are that the total accumulated teak
volume, i.e. including all thinned timber, over a production period of 20 years roughly is between 180-
400 cubic meter per hectare. In this study it is presented that total accumulated volume may
potentially range from 400-800 cubic meter per hectare, depending on site, climate, and optimized
management. While it has to be stressed that these projections are based on a limited number of field
mcasuremcnis of mainly young Costa Rican teak plantations, they also represent optiinal management
with many well-timed thinnings and absence of growth-limiting factors, such as wind effects and
disease problems.

Strong teak growth in Costa Rica has previously not only been indicated by teak investment
companies. Unpublished work of Keogh, presented in Chavarria and Valerio Valerio (1993), indicates
that at 20 years the dominant height of teak trees in the northern part of the Atlantic lowlands roughly
ranges from 20-28 meter. When the dominant height is roughly assumed to be about 1 meter above
the average height of the teak trees, the average height can subsequently be estimated to range from
19-27 meter. Based on recent measurements on fast-growing teak, the average height growth in the
same region in this study is projected to be ranging from 22-32 meters.

Maessen (1994) presents scveral measureinents from La Parrita of 12 year old Pacific teak.
His findings are that at that age the dominant height is about 25 meter, while the diameter (DBH)
ranges between 30-39 centimeter. With a diameter of 34.7 centimeter and an average height of 25.2
these measurements fall neatly in the highest growth table presented for the Pacific region. Chaves
and Fonseca (1991) present measureinents from Quebrada Ancha and the Los Santos region in
Panama. Height and diameter data from measurements of 10-17 years old teak stands also fit in the
presented teak growth tables for Costa Rica.

Similar high yiclds have been reported from India. Gogate (1995) reports that 7 year old
fertilized teak trees attained a height of about 11 meter and an average diameter of 28.5 centimeter (!).
Similar high yield potentials have been reported by Prasad (1995) from the Nilambur area. Prasad
projects maximum Indian teak growth to reach 458 cu.m. per hectare in 40 years on the best sites with
170 trees per hectare.

The yield tables in this study have been constructed at a fixed form factor of 0.5, while
Wouters (1993), for instance, uses a form factor of 0.7 for his calculations of Costa Rican teak growth.
As form factor is variable, extensive study is needed to make more accurate projections and it might
be made variable in future Costa Rican yield tables.

Naturally, most teak plantations will not reach the maximum attainable teak growth indicated
in this paper. The accumulated yield over 20 years can roughly be estimated to be between 300-600
cubic meter per hectare, while exceptional plantations will surpass those yields. While Centeno’s
projections for Costa Rican tcak growth scem conservalive, it has to be stated that only ongoing
rescarch on Costa Rican (cak growth can clarify this controversy. It is clear that potential growth of
tcak in Costa Rica surpasses the upper limits of any previously established teak growth table for
Trinidad (Miller, 1969; Streets, 1962), Indonesia (Wolff von Willfing, 1932), Ivory Coast (Dupuy &
Verhacgen, 1993), and India (Pandey, 1983). This can mainly be attributed to the fertile, deep, and
well-drained sites and on the very favorable climate of lugh rainfall and high temperatures year-round
in both the Pacific and the Atlantic lowlands.
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10.2 EXPLORING THE TEAK MARKET

Teak is used for a wide range of applmlioﬁs" Products of teak include sawnwood for construction,
veneer and plywood, moulding, strip and block flooring, furniture components, solid doors and flush
doors, door and window frames, laminated boards and panels, carved articles for decoration, and
household ultensils and kitchenware. Only lhe finest natural teak is used in the yachting industry.
Unfortunately, little information is available about the teak volume used for each application.

Due to differences in end-use and quality demands, the global teak market is best analyzed as
a highly segmented market with rather independent flows from producer to consumer. The markets
for plantation teak are diverse and often very competitive. Five general sub-markets can be
distinguished; (1) yachting industry, (2) doors, window frames, fences, and garden furniture, (3)
parquet and indoor staircases, (4) indoor funuture and construction parts, (5) low quality and low
value products.

Each sub-market demands a certain teak quallty This, together with the dimensions of the
timber, sets the limber price. Prices for natural teak on average range from US$1000-4000, those of
plantation teak of 60-90 years from US$I()00-2000 and short rotation teak of 20-40 ycars is currcntly
sold at prices ranging from US$200-2000.' ;

Future teak prices are hard to pmdxct The World Bank (1990) expects an annual real price
increase of 2.1 percent for tropical sawnwood. This more or less in accordance with calculations based
on Dutch teak log price changes. From 1979-1992, the actual annual teak log price increase has been
5.8 percent while real price increase was only 2.5 percent. Boer and Kuiper (1996) reported a real
annual price increase of only 1.5 percent over the last 16 years. Depending on the time lap which is
studied varying results can be found. It can, however, be concluded that there is no indication that
teak prices will increase strongly in the near l‘uture Thls view is supported by Dielen (1996) and Stolp
(1996).

Based on current market lnfonnallon, it is concluded that current FOB sawnwood prices for
prime quality Costa Rican plantation teak range would gencrally range from US$400-500 per cubic
meter. When offered at larger dimensions, primne quality Costa Rican teak can optlimistically be
estimated to demand prices comparable to prices currently offered for Indonesian plantation teak. It
remains, however, unclear to what extend fasl-gmwlh of Costa Rican teak will affect timber quality
and, subsequently, its price. Depending on diamctor conversion rates can oplimistically bc expected
10 between 30-40 percent, while, based on Current price increase, real annual teak price increase will
be between 1-3 percent.

10.3 TEAK QUALITY

General timber quality depends on a multitude of factors, such as site conditions, growth rate,
management and age of the trees. Durability, stability, workability and ease of pre-treatment are the
major characteristics of good quality teak. Beautiful figure, color, density and rate of growth are other
sought-afier qualities as are straight grained, knotless and defect free timber.

Absence of a dry period reportedly has a negative impact on certain quality aspects since it
increascs the weakness and sponginess of the timber and tree. Though fast growing plantation teak
apparently has different qualities than natural grown teak, it does not imply that it is inferior. Recent
Indian research indicated that has stressed this (Jagannath Reddy, 1995).

While authors like Manger (1995) stress that plantation teak will not substitute natural teak,
plantation teak will be used for high value applications like parquet, cabinets, and venecr as their
manufacturers will search for relatively cheaper teak suppliers. It will not qualify for yachting
applications unless the market for natural teak drastically changes in the near future. Limited
specifications are currently a major limiting factor for plantation teak.

Based on its appearance and quality characteristics. Costa Rican teak will most likely be
handled by teak traders as a good plantation product. If, however, this timber can be offered defect-
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free, at larger specifications and be steadily supplied, it is very likely that traders will offer a premium
for (his timber in the future. Premium Costa Rican teak will then operate on the most of the markets
which are now still dominated by Asian teak.

This study could not reveal significant differences in teak quality between the various tcak
growing regions in Costa Rica. With regard to the large global differences in teak quality, differences
within Costa Rica will most likely not lead (o a further diversification of teak prices. Further research
is however needed to study Costa Rican teak quality more profoundly.

10.4 COSTS AND BENEFITS OF TEAK PLANTATIONS

Total present value of costs of establishment and management of an average teak plantation at farm
level with a rotation of 20 years ranges broadly from US$6,000-12,000 per hectare, depending on teak
growth rates. These costs do not include land purchase. Based on a maximum land price of US$
3,000-4,500 for fertile and easily accessible land, it can thus be concluded that total cost of
establishment and management does not have to exceed US$15,000.

Depending on region and growth class, Net Present Values of the plantation over a 20 year
rotation period ranges from USS$ 11,700-31,500 per hectare. Under similar circumstances, benefit-
cost-ratios range from 3.03-4.13, Land Equivalent Ratio ranges from US$ 13,900-40,200, and Annual
Income is calculated to range from USS$ 1,110-3,200. ~

. Unfortunately thesc findings can not be verified with findings from previous research on the
costs and benefits of teak plantations. It is however clear that large benefits can be made from
relatively small investments by the farmers, but as lhse results are valid for optimally managed
plantations most farmers will have more conservative returns. Although it is noted that farmer’s tree
management is still sub-optimal, similar reports of high returns from teak trees for farmers have been
come from the Gujarat State in India (Jagannath Reddy, 1995).

‘e
N

10.5 RELATIVE IMPORTANCE OF REVENUE-DETERMINING FACTORS

. I‘

Applying for subsidies is important for plantation es(ablishmem as it renders the cash-flow pogitive in
the important first years of the rotation. This softens the impact of the first year investments. The
effect is larger in the Pacific Region as yields are lower there.

The most important economic factor determining the profitability of teak investments is the
discount rate. This underlines the importance of establishing a plantation in a country where the
discount rate is not largely influenced by risk factors. Furthermore, changes in the world teak prices
will have a profound cffect on the profitability of teak investments. Both are external factors and can
not be influenced by management. This depicts the uncertainty of the outcome of (eak plantations.

When assuming that farmers apply perfect plantation management practices, the most
important factor which can be influenced by strategic management decisions is the location of the
plantation. The plantation must be as close as possible to the sawmill in order to minimize
transportation costs. Logging costs can be minimized by harvesnng in the dry season, when the
terrain is more easily accessible and the truck can be driven as close as possible to the logging site.
However, it does not really matter in which region; Pacifi¢ or Atlantic, the plantation is established.
The transport costs to Limén hardly influence profitability.

Conversion rates at the sawmill have a profound éffect on the profitability of the enterprise.
Significantly larger profits can be made by the farmer at cdnversion rates of 0.5 or 0.6. Conversion
rates can be influenced by improvements in stand management and sawing techniques. It has to be
born in mind, however, that investments to increase the conversion rate have a marked effect on
processing costs of the sawmill. In addition, the conversion rates used in the model assume optimal
management of the plantation. It can thus be assumed tlmt ‘actual conversion rates will generally be
lower.
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Based on the cost structure and the relatively small differences in labor input betwecn growth
classes, it can be concluded that labor input is of minor importance to teak cultivation. The shadow
price of labor has little effect on the profitability of the plantation.

From a subjective evaluation of available timber, it is concluded that there is no remarkable
difference between teak quality from the Pacific Region and the Atlantic Region. Therefore, there is
no necessity to differentiate between prices paid for teak from these regions. Choice of region of
establishment therefore does not depend on expected timber quality differences, but on other factors
such as risk.

Several conclusions can be drawn with regard to risk factors. It has been observed and
reported that the phytosanitary state of teak plantations in the Atlantic region is worse than in the
Pacific. Not only are leaves more affected by fungi infections, but there are also some worrying
bacterial infections on the stem. This potential threat can not be neglected. Research in Indian teak
plantations of the Nagpur Forest Project Division revealed a high mortality rate in potentially good
teak stands. To date, the cause of this mortality is unknown and therefore, general concern has been
expressed about the establishment of timber mono-cultures (Jha, 1995).

However, wind effects on teak yield and subsequently on the financial results of the
plantation are larger in the Pacific region. Therefore, regions with wind factor 2 and 3 should be
avoided. On the other hand, the Atlantic region incidentally suffers from wind gusts.

Although there is no difference in financial outcome between the use of container stock and
stumps, container stock should be particularly preferred in Pacific lowlands as it lowers establishment
risks. The same conclusion can be drawn on the inclusion of land preparation; it is very desirable to
include the practice as the financial effect is minimal, but it strongly decreases risk.

Finally, this study showed that the economically optimal rotation of medium and high growth
classes is shorter than 20 years, while low growlh classes have their optimal rotation between the 20"
and the 25" year. Increase of rotation lengtlt with 50 percent, from 20 to 30 years, results in a
decrease of annual income ranging from 3-“ pcmem This implies that rotation length is not the
factor which most determines revenues. :

10.6 CONCLUDING REMARKS |

Unless the consumer preference for teak drastically changes during the next 20 years, farmers can
make large profits from relatively small investments in teak plantations. The basis of these returns
will lay in the large teak volumes that potentially can be produced on the excellent growth sites in
Costa Rica and in the prices paid for defect-free teak. The exact success of the investments will largely
depend on strategic decisions of plantation location and optimized pruning and thinning practices. It
will only be a matter of time until we find out what profits really can be made from farmer’s
investments in teak plantations.
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RECOMMENDATIONS FOR FUTURE RESEARCH

Based on this study, sevcral recommendations can be made for future research;

1 To improve the accuracy of the presented model, teak growth tables should be improved by long-
term measuring of teak growth in a large diversity of plots in the Pacific and Atlantic lowlands;

2 The form factor for Costa Rican teak may be further studied by sound measurements and
differentiation between different zones and tree age;

3 In order 10 improve (he prospects for future teak prices, timber stocks and price development on the
national and international timber market for hardwoods and semi-hardwoods from the tropics should
be carefully monitored; o

4 Future rescarch may also aim at a good analyses of the quality aspects of Costa Rican teak, while
differences between the two zones in Costa Rica are simultaneously studied. It may also study the
effect of bad pruning practices on teak quality in gencral. This may also place Costa Rican teak in a
wider frame of a global study of teak quality and growth rates;

S Thorough analysis of the phytosanitary state of the Costa Rican plantations could be made as there
are strong indications in the field that certain diseases impose a serious threat;

6 Try to analyze more thoroughly the relanonshlp between conversion rate at sawmill, diameter, and
management practices. PR
' g
7 Study more thoroughly and quantify the cffect of wmd On teak growth and later conversion rates at
the sawmill, » ‘ "

: 1 e

8 1n order 10 simulate more closely the actual state of many teak plantations, a study on the
quantitative effect of sub-optimal teak management, such as delayed thinning, on teak growth may
shed more light on actual costs and benefits, ' ¢ -

9 Closely monitor timber quality of Costa Rican teak.

o
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APPENDICES

Appendix I 1995 Tropical Timber Import Barriers of ITTO Countries

COUNTRY PRODUCT DESCRIPTION
Australia Sawnwood 2-7 percent, depending on species and country of origin, some reductions
apply as of 1 July 1995
Canada Logs sawn ven. None o
Plywood 8-9 percent import tariff, depending on species
China Logs 3 percent import tax, 17 percent value-added tax
Sawnwood 6 percent import tax, 17 percent value-added tax
Veneer 20 percent import tax, 17 percent value-added tax
Plywood 20 percent import tax, 17 percent value-added tax
Egypt Sawnwood S percent customs tariff on lumber imports, plus § percent sales tax and 3
percent customs service fee (tarifl reduced in 1994 to promote domestic
industry)
EU:
France Logs and sawn None
Plywood 10 percent
Netherlands  Logs None
Sawnwood 0-2.5 percent import tarifY, depending on species
Veneer 4-6 percent import tariff, depending on species
Plywood 10 percent import tariff, depending on species
Portugal All None
UK. Logs, sawn.  None
Plywood 9.4-10 percent, depending on species
Japan Veneer Tariff base rate 15 percent (subject to GSP scheme), to be reduced lo five
percent by 1999 -
Plywood Tariff base rate 17-20 percent (subject to GSP scheme)
New Zealand All None
Norway All None
Rep. of Korea Logs 2 percent import tariff
Sawnwood Spercent import tariff
Veneer S percent import tariff
Plywood 8 percent import tariff
U.S. All None (GSP scheme)
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Appendix Il Specific Gravity and Shrinkage of Teak

LOCALITY CONDITION SPECIFIC SHRINKAGE (%)
. GRAVITY GREENTO 0D
(g/cm’) Radial Tangential

Myanmar Green 0.586 2.1 3
Myanmar Girdled 0.594 22 3
Malabur (India) Natural 0.614 2.5 6
C. provinees (India) Natural 0.526 2.2 4
Bihar & Orissa (India) Natural 0.536 1.8 4
Angul (India) Natural 0.609 2.6 4
Hoshangabad (India) Natural 0.554 23 4
C. Puri (India) Natural 0.580 1.8 4
Honduras Plantation 0.560 2.1 5
Phillipines Plantation 0.490 22 4
Thailand Plantation 0.640 25 5
Indonesia Plantation 0.646 0-2 0-3.5
Nigeria Plantation 0.509 0-3 0-5
Paua (New Guinea) Plantation 0.509 2.1-3 3.6-5
Trinidad' Plantation 0.570 - -
South Africa Plantation 0.646 2.1-3 3.6-5
Costa Rica® Plantation 0.654 29 4.0

Note: Data from Tint (1995), except for;
! Data from Altuve in Chavez & Fonseca (1991)
? Average data from Zijlstra et al. (1995),Cordoba Foglia and Serrano
Montero(1991), and from samples analyzed by the author
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Appendix Ill Area of Teak Plantations and Natural Teak Forest

PILANTATION NATURAL TEAK ~ PLANTATION AREA

SOURCE

AREA (HA) FOREST (HA)  INCREASE (HA/YEAR)
ASIA
Bangladesh 62,700 Ratan hal Banik. 1993
Philippines 21,550 Sein Maung Wint, 1995
China 9,000 Chin. Ac. For., 1993
India 276,000 Sein Maung Wint, 1995
Sri Lanka 70,000 Maddugoda, 1993
Thailand 170,250 2,500,000' Sein Maung Wint, 1995
Vietnam 500 Sein Maung Wint, 1995
Laos 5,000 16,000 Vinh Phengdouang, 1993
Myanmar 214,189 16,517,000 12,000 Sein Maung Wint, 1995
Malaysia 4,328 ITTO Asia-P. Reg. Off.
Indoncsia 675,000 10,000 Perum Perhutani, 1993
AFRICA
Ivory Coast 21,000 600 White, 1991
Tanzania 5,000 Sein Maung Wint, 1995
Togo unknown 650 White, 1991
Nigeria 21,300? Akindele, 1989
TROPICAL AMERICA & CARIBBEAN
Brazil - 1,500 2,500 ITTO Lat. Am. Reg. OfT.
Ecuador 1,000 Sein Maung Wint, 1995
Panama - 800 Scin Maung Wint, 1995
Puerto Rico 800 Sein Maung Wint, 1995
Trinidad 9,710 Scin Maung Wint, 1995
Costa Rica 20,000 Estimation by the author
Note 1. 1982 data

2. 1980 data
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Appendix IV Average 1994 FOB Yangon Price of Teak Logs in Myanmar

TEAK LOG USS/Cu.M

Second Quality 3,090
Third Quality 1,912
Fourth Quality 1,337

Sawipg Grade (1) 1,034
Sawing Grade (2) 788
Sawing Grade (3) 651

c.f. Sein Maung Wint (1995)
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Appendix V Most Planted Plantation Species in Costa Rica

LATIN NAMFE FAaMILY LOCAL NAME
Cordia alliodora Boraginaceae  Laurel
Gmelina arborea Verbenaceae  Mclina
Eucalyptus deglupta Oleaceae Eucalipto
Tectona grandis Verbenaceae  Teca

Pinus caribbaea Pinaceae Pino

Cedrela odorata Meliaceae Cedro dulce
Tabebuia rosea Bignoniaceae  Roble de sabana
Bombacopsis quinata Bombacaceae  Pochote
Carapa quianensis Meliaceae Caobilla
Hveronima oblonga Fuphorbiaceae Pflon
Terminalia oblonga Combretaceae Surd

Virola spp. Moyristicaceae  Fruta dorada
Minquartia quianensis Olacaceae Manu negro

in order of importance

elaborated from Lecuwen & Hofstede (1995).
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Appendix VI Most Traded Tree Species in Costa Rica

GROUP LATIN NAME

SOFTWOO0DS

Cynometra hemitomyphylla

Virola spp.
Gmelina arborea
Ceiba pentandra
Ficus werckleana
Talauma gloriensis
Hura crepitans
Brosimum utile

CLASSIFIED SEMI-HARDWOODS (SEMIDUROS CLASSIFICADOS)

Terminalia amazonia
Cupressus lusitanica

Enterolobium cyclocarpum

Elaeoluma sp.
Vochysia ferruginae

FAMILY

Caesalpiniaceae
Myrsticaceae
Verbenaceae
Bombacaceae
Moraceae
Magnoliacaea
Euphorbiaceae
Moraceae

Combrelaceae
Cupressaceae
Mimosaceae
Sapotaceae
Vochysiaceae

GENERAL SEMI-HARDWOODS (SEMIDUROS COMUNES)
Hymenolobium mesoamericanum Papilionaceae

Vantanea barbourii
Anacardium excelsum
Pentaclethra macroloba
Ocotea sp.

Alnus acuminata
Calophyllum brasiliense
Hieronyma oblonga
Tabebuia rosea
Sacoglottis trychogyna

HARDWOODS (FINAS)
Cedrela odorata
Cordia alliodora
Platymiscium pinnatum
Astronium graveolens
Peltogyne purpurea

Humiriaceae
Anacardiaceae
Mimosaceae
Lauraceae
Betulaceae
Gutlifereae
Euphorbiaceae
Bignoniaceae
Humriaceae

Meliaceae
Boraginaceae
Papilionaceae
Anacardiaceae
Caesalpiniaceae

c.f. Schinkel (1995) and data from CCF (unpublished)

LocAL NAME

Cativo

Fruta dorada

Melina

Ceiba

Chilamate

Magnolia

Jabillo

Baco, Lechoso, Mastate

Amarillén (Roble Coral)
Ciprés
Guanacaste

Carey
Botarrama, Chancho

Cola de Pavo

Chiricano

Espavel

Gavildn

Ira

Jaul

Maria

Pilén

Roble Sabana

Titor, Danto Plomillo,Campano

Cedro Amargo
Laurel

Crist6bal, Cachimbo
Ron Ron, Jovillo
Nazareno
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Appendix VIl Reported Teak Diseases in Costa Rica

SPECIES

INSECTS

Ata sp.

Neoclytus cacicus
Phyllophaga sp.
Plagiohammus spinipennis
perforation

VERTABRATES
Orthogeomys underwoodi

PATHOGENS
Agrobacterium tumefaciens
Aphelenchus sp.
Cercospora rangita
Fusarium oxysporum
Nigrospora sp.

Nectria sp.

Pestalotia sp.

Phomopsis sp.
Pseudoepicoccum tectonae
Pseudomonas sp.

FAMILY

Formicidae
Cerambycidae
Scarabaeidae joboto
Cerambycidae

zompopa

Geomyidae taltuza

LOCAL NAME  EFFECT

dcfoliation

xylem perforation
destruction of roots
xylem and cambium

destruction of seedlings

base of the stem
stem and roots
leaves

stem and roots
apical meristems
stem

leaves

leaves

leaves

stem and roots

Source: Arguedas Gamboa, 1996; Arguedas Gamboa & Chaverri, 1996; Chavarria & Valcrio
Valerio, 1993; Lujan Ferres, 1994.
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Appendix VI Dimensions and FOB Prices of Export Teak Sawnwood from Benin

DIMENSIONS (D X W X L, mm) PRICE (USS/CU.M.)
13 50 300 500
19 50 300 500
25 50 450 620

600 620
750 620
900 715
1050 715
1200 715
25 63 450 650
600 650
750 650
900 745
1050 745
1200 745
25 75 450 715
600 715
750 715
900 810
1050 810
1200 810
32 63 450 620
600 620
750 620
38 50 450 680
600 680
750 680
900 745
1050 745
1200 745
38 75 450 680
600 680
750 680
900 810
1050 810
1200 810

(c.f. ONAB Industrie, August 1996)
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Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tables

Appendix IXa Low Growth Indicative Table for the Pacific Region

Pacific
Remaining Volume
Age Nha DBH H, GMa

o 1110 0
1 1110 33
2 1110 58
3 1110 82
3 800 82
4 800 104
5 800 126
6 800 1486
7 800 165
7 800 185
8 800 184
9 800 204
10 800 218
10 450 218
1" 450 233
12 450 248
12 300 248
13 00 262
14 300 276
15 300 288
16 300 300
16 210 300
17 210 312
18 210 323
19 210 334
20 210 344
21 210 354
2 210 363
2 160 2363
2 180 372
24 100 381
25 100 390
2 100 399
27 100 407
28 100 416
29 100 424
3 100 433

form factor

0.0

27

5.2

74

74

0.4
1.4
128
138
139
15.0
16.0
168
168
174
18.0
18.0
184
18.7
19.0
19.2
18.2
19.4
196
19.7
19.9
20.1
203
203
205
207
209
211
213
215
217
219

0
09
29
58
42
68
9.9

134
17.2
129
159
18.1
23
16.7
19.2
218
145
16.2
179
19.6
213
149
16.1
172
184
195
206
217
166
17.4
183
19.1
200
208
217
286

08
Thinnings
Vha [%G %N Nha Dave Gha V. /ha
0
13
76
215
155 28 28 310 8.6 18
32.0|
55.2
846
119.71
69.8 25 25 200 165 43
119.6

187.2

140.4 2 25 150 218 56
167.6

1853

130.4 3 3 150 248 72
148.9

167.5

186.0

204.3

143.0 0 N 90 30 64
155.7
168.4
181.1
194.1
207.3
00|
168.2 24 24 50 2363 52
178.6|
189.1
199.8'
2108
2221
2337
2456
258.1

6.0

61.3]

52|

Cum

Viw/ha

Growth

126]

352
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CAl.w CAl,

0
0.001
0.008
0.013

0.021
0.029
0.037
0.044

0.050
0.055
0.058

0.0860
0.062

0.062
0.082
0.082
0.081

0.080
0.080
0.081
0.082
0.083
0.064

0.085
0.0068
0.067
0.060
0.070
0072
0076
0.07p

0
27
25
22

20
1.7
15
13

02
09
08

07
05

04
03
03
0.2

02
02
02

0.2
0.2

0.2
0.2
02
0.2
0.2
0.2
02
02



Teuk. An Explorauion of Market Prospecis and the Outlovk for Costa Rican Planiations based on Indicative Growth Tables

Appendix IXb Medium Growth Indicative Table for the Pacific Region

Pacific form factor 0.6
Remaining Volume Thinnings
Age Nha DBH M., Gha Vi/ha

0 1110 0 0 0 0

1 1110 39 32 13 22

2 1110 69 62 42 131

3 1110 98 89 84 372

3 900 98 89 68 301 19
4 900 125 13 110 622

5§ 900 151 133 161 1070

6 900 175 151 217 1641

6 700 175 151 1869 1278] 22
7 70 198 167 2168 1803

7 500 198 167 154 1288 29
8 500 220 180 190 1715

9 500 241 192 228 2181

9 350 241 192 159 1527 30
10 350 260 201 186  187.3

11 35 279 208 214 2231

11 260 279 209 159 1657 26
122 260 297 215 180 1928
13 260 313 220 200 2200
14 260 329 224 221 2489

14 170 329 224 145 1616 35
15 170 344 227 158 1789

18 170 358 229 171 1957

17 170 3741 231 184  2123]
18 170 384 232 197 2287,

19 170 306 234 209 2449|
20 170 407 236 222 2613
20 120 407 236 156 1844 29
21 120 418 238 165 1965
2 120 429 241 173 2087

22 120 439 243 182 2209)|
24 120 449 246 190 2331

25 120 458 248 198 2455

28 120 467 251 206 2580

27 120 46 253 214 2707

28 120 485 256 222 2836

20 120 494 258 230 2968

30 120 S02 261 238 3103

19

210

150

9.79

178

19.8

241

329

16

48

6.2

55

78

% %N Nha Dave Gha Vi /a |[Vi/ha

7.0

385

515

76.8|

37

17

224]

33|

Growth

CAlyy
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0.002
0.010
0.022

0.036
0.085
0.113

0.075

0.085
0.179

0.089
0.102

0.104
0.104
0.103

0.103
0.089
0.098
0.006
0.006
0.006

0.101
0.101
0.102
0.102
0.103
0.104
0.108
0.108
0.110
0.113

32
30
27

24
44
39

1.6

13
25

09
08

0.6
05
04

03
0.2
0.2
02
0.2
02

03
03
03
03
03
03
03
03
03
03



Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plamations based on Indicative Growth Tables

Appendix IXc High Growth Indicative Table for the Pacific Region

Pacific
Remaining Volume
Age Nmha DBH

0 110 0.0
1110 46
2 1o 8.1
2 900 8.1
3 900 114
4 90 146
s 900 176
5 600 176
6 600 20.5
7 600 23.1
7 3% 23.1
8 350 25.7
9 3% 28.1
9 2% 28.1
10 2% 30.4
1n 2% 326
12 250 347
12 160 347
13 160 36.7
14 160 385
15 160 403
16 160 420
16 110 420
17 10 436
18 110 4s.1
19 10 465
20 110 479
21 110 493
2 110 0.6
22 % 50.6
23 % 518
24 % $3.0
25 % 54.2
26 % 554
27 % 6.6
28 % $7.7
29 % SRR
30 % 60.0

form factor

He Gha V,/a

0.0

38

73

73
104
13.1
15.6
15.6
17.7
19.5
19.5
211
224
224
235
244
25.2
252
25.8
26.3
26.6
27.0
270
27.2
27.5
2717
280
283
286
286
289
29.2
29.5
29.8
301
Jo4
30.7
310

0
1.8
59
4.6
9.2

15.0
219
146
19.7
25.2
14.7
182
218
15.5
18.2
209
236
15.1
16.9
18.6
204
221
15.2
16.4
17.6
18.7
19.9
210
221
18.1
19.0
19.9
208
217
226
238
245
254

0.8

o}
3.5
20.7
168
479
98.8
170.2
113.5
174.7
246.2
143.6
1913
243.6
174.0
213.7
255.0
297.3
190.2
217.7
244.6
2718}
298.2
205.0
223.2
2413
259.5
2780
297.1
316.3
258.8]
2746
290.6
306.9
3236
3406
3580
376.0
394.7

Thinnings

%G %N Nha Dave Gha V. /ha
19 19 210 8.09 1.1 39
33 33 300 176 73 56.7
42 42 250 23.1 10.5 102.6
29 29 100 28.1 6.2 69.6
36 36 90 347 8.5 107.0
3 31 50 42 6.9 93.2
18 18 20 506 4.0 57.5

Cum

Vi/ha

21

174

307

407

330

638

749

CAlvy

0.003
0.016

0.035
0.087
0.079

0.102
0.119

0.136
0.149

0.159
0.165
0.169

0.172
0.340
0.170
0.168

0.165
0.164
0.168
0.168
0.174
0.174

0.176
0.178
0.181
0.188
0.189
0.194
0.200
0.207
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CAl,

kR }
35

kA |
28
24

21
1.8

1.6
1.3

Ll
09
0.7

0.6
11
04
03

03
0.2
0.2
03
0.3
03

03
03
03
03
0.3
03
03
03



Teuk: An Exploration of Market Pruspects and the Outlook for Costu Rican Plantations based on Indicative Girowth Tables

Appendix Xa Low Growth Indicative Table for the Atlantic Region

form factor

00

30

58

83

83
105
125
14.2
157
15.7
169
18.0
188
18.8
196
202
20.2
206
210
213
213
216
218
20
22
24
24
26
26
231
233
235
25
27
240
242
244

0
09
29
58
47
17

11.2
1561
193
129
159
19.1
23
16.7
18.2
218
150
16.7
185
202
15.7
170
184
18.7
210
23
16.7
1717
186
196
205
215
179
16.7
195
204
212

Atiantic
Remaining Volume
Age Nha DBH H, GMma
0 1110 00
1 110 33
2 110 58
3 1110 82
3 900 82
4 800 104
5 900 126
6 900 146
7 800 165
7 600 165
8 600 184
9 600 201
10 600 218
10 450 218
1 450 233
12 450 248
12 310 248
13 310 262
14 310 276
15 310 288
15 240 288
16 240 2300
17 240 312
18 240 323
19 240 334
20 240 344
20 180 344
21 180 354
2 100 363
2 180 372
24 180 381
25 180 300
- 150 300
2 150 309
27 150 407
28 150 416
29 150 424
3 150 433

247

21

0.6

Thinnings

Vwha [XG %N Nha Dave Gha V./ma
0
1.4
8.5
242
19.6} 19 19 210 8.16 11

1009| 33 33 300 165 64

157.7 2% 25 150 218 56

151.4 3 K}l 140 248 6.8

1674 23 23 70 288 46

2107 17 17 30 390 36

4.GJ

48.6}

623

421

Vi/ha

24)

318

372

514|

533'
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Growth

CAlw CAlL,

0.001
0.008
0.014

0.023
0.033
0.041
0.040

0.056
0.061
0.065

0.068
0.009

0.070
0.070
0.009

0.009
0.068
0.068
0.068
0.009

0.071
0.072
0.073
0.074
0.076

0.077
0.079
0.082
0.085
0.088

30
28
25

22
18
17
15

13
11
09

07
06

0S
04
03

0.2
02
02
02
0.2

02
0.2
02
02
02

02
02
0.2
02
0.2



Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tables

Appendix Xb Medium Growth Indicative Table for the Atlantic Region

Attantic form factor 05
Remeining Volume Thinnings Cum
Age Nha DBH H., Gha Viha %G %N Nha Dave Gha Vi/ha [Vi/he
0 1110 00 00 0O 0
1 1110 39 36 13 24
2 110 69 70 42 147
3 1110 98 100 84 418
3 00 ©08 100 68 339 19 19 210 979 16 79|
4 900 125 127 110 699
5 900 151 150 161 1203
8 000 175 170 217 1843
6 60 175 170 144 1229 33 33 300 175 72 614
7 60 198 188 185 1737
8 600 220 203 28 2312
B 400 220 203 152 1542 33 33 200 2 76 774
9 400 241 215 182 196
10 400 260 28 213 2406
10 200 260 226 155 1743 28 28 110 28 59 861
1 200 279 234 177 2077
12 200 207 241 200 2417
13 200 313 247 23 2757
13 200 313 247 154 1901 31 31 90 313 69 es|
14 200 320 251 170 2136|
15 200 344 255 188 2365
16 200 358 257 201 2587
17 200 371 250 216 2006
17 100 374 259 173 2245 20 20 40 374 43 561
18 160 384 261 185 2418
19 100 396 263 197 2500
20 160 407 265 200 2783
21 160 418 267 220 2940
21 130 418 267 179 2388 19 19 30 418 41 551
2 130 429 2710 188 2538
2 130 439 273 107 2684
24 130 449 276 205 2833
25 130 458 279 214 2983
25 110 458 279 181 2524] 15 15 20 468 33 45|
28 110 467 281 189 2653
27 110 478 284 196 2783
28 110 485 287 203 2916
20 110 494 200 211 3052
0 110 502 203 218 3191

42

184|

Growth
CAl,o
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IR

0.002
0.011
0.024

0.040
0.058
0.071

0.085
0.098

0.105
0.111

0.115
0.232
0.117

0.117
0.232
0.111
0.110

0.108
0.107
0.108
0.110

0.113
0.114
0.115
0.116

0.117
0.119
0.121
0.123
0.127

CAL,

0o -
36
34
30

27
23
20

18
15

13
10

09
18
06

04
08
03
0.2

0.2
0.2
0.2
03

0.3
03
0.3
03

03
03
03
03
03



Teuk: An Exploration of Market Frosp

(s and the Qutl

k Jor Costa Rican Plamtations bused on Indicative (irowth Tables

Appendix Xc High Growth Indicative Table for the Atlantic Region

Atlantic form factor (Y3
Remaining Volume Thinnings
Age Nha DBH H., Gha Vi/ha [%G %N Nha Dave Gha V. ha
0 1110 00 00 0 0
1 1110 46 42 18 39
2 1110 81 82 57 233
2 950 81 82 49 199 14 14 160 809 08 34|
3 950 114 17 97 568
4 950 146 148 159 1172
4 750 146 148 126 831 21 21 200 145 33 244
5§ 750 176 175 182 1504
6 750 205 199 247 2454
6 500 204 199 164 1630 33 250 205 83 824
7 S00 231 219 210 2305
7 300 231 219 126 1383 40 200 231 84 922
8 300 257 237 156 1843
9 300 281 252 187  2346|
10 300 304 264 218 2882
10 200 304 264 146 1921] 33 33 100 304 73 961
11 200 326 274 167 2292
12 200 347 283 189 2672
13 200 367 290 211 3054
13 150 367 200 158 2294] 25 25 S50 366 53 761
14 150 385 295 175 2577
15 150 403 299 191 2884
16 150 420 303 207 3141
17 150 436 306 224 3420
17 100 436 306 149 2280 33 33 S50 436 75 1140
18 100 451 309 160 2464
19 100 465 312 170  2650|
20 100 479 315 180 2839
21 100 493 318 194 3034
2 100 506 322 201 3230
23 100 518 325 211 3429
24 100 530 329 221 3631
24 80 50 329 177 2005| 20 20 20 53 44 726
2% 80 542 333 185 3074
26 80 554 336 193 3244
27 80 566 340 201 3413
28 80 577 343 209 353.9'
20 80 588 347 218 3774
30 80 600 350 226 ass.oh

Cum
Vio/ha

121

716r

851

Growth
CAlu

0.003
0.017

0.039
0.064

0.088
0.115

0.135

0.183
0.321
0.179

0.186
0.180
0.191

0.191
0.191
0.185
. 0.185

0.185
0.186
0.180
0.185
0.197
0.189
0.202

0.2114
0.210
0.214
0.220
0227
0.235
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CAL,

42
39

3as
31

27
24

21

18
3.2
1.2

1.0
0.8
07

05
0.4
0.4
03

03
03
03
0.4
0.4
04
04

0.4
0.4
04
04
04
04



Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tables

Appendix XI Field teak growth data

Plot Code
034j

Alfonso

219L

219L-b

012J-b

012)

003)

Canateca

cstablished
30-6-1986
age (months) DBH  # Trecs
0 0 1600
112 0.2 544
137 0.21 396
established
1983
age (months) DBH  # Trecs
0 0 884
168 0.25 249
established
15-6-1989
age (months) DBH # Trees
0 0 110
67 0.15 533
80 0.18 533
92 0.20 311
established:
15-6-1989
age (months) DBH # Trees
0 0 1110
92 0.19 312
etablished:
15-6-1989
age (months) DBH # Trees
0 0 1600
92 0.19 312
established:
30-6-1986
age (months) DBH # Trecs
0 0 1600
108 0.20 416
121 0.23 336
133 0.22 336
established:
31-7-1991
age (months) DBH # Trecs
0 0 1110
47 0.11 566
60 0.13 566
72 0.17 566
established:
6-1993
age (months) DBH # Trees
0 0 1110
50 0.10 951

G
0
16.8
14.2

12.8

0
10.0
13.8
10.3

0
12.9
13.6
13.1

G
0
49
17
123

7.17

H

H

0
17.1
20

13.0
17.0
17

0
15.7
15
18

0
8.5
10.4
13.5

9.5

Vol
0
144
142

Vol

140.6

Vol
0
64.5
117.6
87.3

Vol

838

Vol
0
644

Vol
0
101.3
102.0
117.5

Vol
0
20.8
40.7
82.9

Vol
0
34.1

MAl-vol
0
15.5
124

MAl-vol
0
10.0

MAl-vol
0
11.6
17.6
11.4

MAlI-vol
0
109

MAIl-vol
0
84

MAl-vol
0
11.3
10.1
10.6

MAl-vol
0
53
8.1
13.8

MAl-vol
0
82

MAI-H
0
1.84
1.75

MAI-H
0
1.57

MAI-H
0
23
2.6
22

MAI-H
0
20

MAI-H
0
20

MAI-H
0
1.7
LS
1.6

MAI-H
0
22
2.1
2.25

MAI-H
0
23
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Teuk: An Exploralion of Markel Frospects and the (Milovk Jor L 0std Iucan 1lanialions basea on Indicaiive Lirowin 1 aosss

Canaleca established:

6-1993
age (months) DBH # Trees G H Vol MAl-vol MAI-H
0 0 1110 0 0 0 0 0
50 008 1025 46 8 183 44 1.9
Puerto established:
Carillo 3-1988
age (months) DBH #Trees G H Vol MAl-vol MAI-H
0 0 876 0 0 0 0 0
98 0.27 341 20.1 22 2875 35.2 2.7
110 0.29 341 233 218 3293 35.9 24

Guépiles BP  established: 12-1990
age(monthsy DBH #Trees G H Vol MAl-vol MAI-H

0 0 ?2 0 0 0 0 0

79 023 720 299 205 306.6 46.6 3.1

note: form factor used for calculations was estimated to be 0.5

" Jelger de Vriend, 1998



Teak: An Exploration of Market Prospects and the Outlook for Costa Rican Plantations based on Indicative Growth Tables

Appendix XII Formulas for Diameter Growth

Relationship between diameter ‘over bark' (DBH) and age (A)

Production Formula R?

high DBH=0.0011A"+0.0932A%+3.7755A+0.7029 1

medium DBH=0.0009A3+0.0799A%+3.2361A+0.7744 1

low DBH=0.0008A+0.0665A%+2.6968A+0.6454 |

DBH  Diameter at Breast Height (cm)

A Age (year)

R*=1.00

Jelger de Vriend, 1998 77





