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Abstract 
 
 
The two main objectives of this study are 1) to implement a planning model in a Bolivian 
forest concession and to examine whether the model could improve long-term planning 
decisions, and 2) to asses whether a sustainability goal of non-declining even-flow of timber 
is in compliance with the current harvest rates in concession forestry in Bolivia.  
 
The planning model is derived using the planning system PEB designed for multiple-use 
forest management planning in Danish forestry. The implementation is carried out in a case 
study area – a Bolivian forest concession of 100,000 hectares – primarily based on historical 
pre-harvest inventory data.  
 
It is concluded that the planning model contains the potential of enhancing forest management 
planning and improving long-term planning decisions in Bolivian concession forestry. 
Current forest management planning is limited by a one year planning horizon. By using the 
model it is possible to extend the planning horizon because it is possible to incorporate 
knowledge of the potential future harvest. The harvest schedule may be optimized in order to 
meet the present demands of the market which is likely to increase the value of the harvest. 
Stabilization of the harvest can be achieved by incorporation of harvest constraints such as 
non-declining even-flow constraints. Sustainability constraints such as harvest limits of 
individual species can be incorporated to ensure the long-term productivity of the forest. By 
use of the model the planner is able to conduct quantitative and economic analyses, and to 
analyze the consequences of changes in sales prices, assortment costs, volume estimates, etc. 
Evaluation and comparisons of management alternatives are possible and therefore the 
planner gains increased insight and is able to predict the future outcome of present 
management decisions with a higher degree of certainty. However, use of the model requires 
an increased knowledge of the production foundation. Installation of permanent sample plots, 
increasing the intensity of pre-harvest inventories, and remote sensing may be possible means 
of expanding current knowledge. 
 
An assessment of whether a sustainability goal of non-declining even-flow of timber is in 
compliance with the current utilization rates in concession forestry in Bolivia, is carried out 
by making a sustainability analysis in which so-called sustainable production potentials of 
different species groups are estimated and compared to current harvest rates. It is suggested 
that current harvest levels in the case study area can be considered sustainable on an 
aggregated species level. Though, current harvest levels of three important timber species i.e. 
bibosi (Ficus sp.), yesquero blanco (Cariniana ianeirensis), and yesquero negro (Cariniana 
estrellensis) cannot be considered sustainable on an individual species level. The lesser-used 
timber species in the area contain a large currently unfulfilled sustainable production 
potential.  
 
On a Bolivian scale, the current harvest levels on an aggregated species level are concluded to 
be in accordance with a sustainability goal of non-declining even-flow of timber. It is 
estimated that the sustainable production potential of the tropical forests of Bolivia is 
approximately 0.45 m3/ha/year whereas harvest levels in 2002 only reached 0.04 m3/ha/year. 
However, there may be several species that are currently being harvested at intensities that 
surpass their sustainable production potentials. An increased incorporation of lesser-used 
species in the production chain is concluded to be important in achieving sustainable harvest 
on an individual species level. 
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Resumen 
 
 
Los dos principales objetivos de este estudio son 1) implementar un modelo de planificación 
en una concesión forestal boliviana y examinar si el mismo mejora las decisiones de 
planificación de largo plazo y 2) averiguar si la meta de sostenibilidad del flujo homogéneo de 
madera (ininterrumpido) está de acuerdo con las tasas actuales de aprovechamiento en las 
concesiones forestales de Bolivia. 
 
El modelo de planificación se derivó utilizando el sistema de planificación PEB diseñado para 
la planificación del manejo forestal de usos múltiples en el sector forestal danés. La 
implementación se llevó a cabo en un área de estudio – una concesión forestal boliviana de 
100000 ha – primariamente basada en datos históricos de inventario antes del 
aprovechamiento. 
 
Se concluyó que el modelo de planificación contiene el potencial de mejorar la planificación 
del manejo forestal, mejorando las decisiones de planificación de largo alcance en las 
concesiones forestales de Bolivia. La actual planificación del manejo forestal está limitada por 
un horizonte de planificación de un año. Utilizando el modelo es posible extender el horizonte 
de planificación porque es posible incorporar conocimiento respecto al aprovechamiento 
futuro potencial. El calendario de aprovechamiento puede ser optimizado con la finalidad de 
satisfacer las actuales demandas del mercado, lo cual probablemente incremente el valor del 
aprovechamiento. Por otro lado, es posible alcanzar la estabilización del aprovechamiento, 
incorporando limitaciones tales como aquellas de flujo homogéneo no declinante. 
Limitaciones a favor de la sostenibilidad como los límites de aprovechamiento según especies 
también pueden ser incorporados para asegurar la productividad de largo plazo del bosque. 
Utilizando este modelo, el planificador es capaz de conducir análisis cuantitativos y 
económicos y analizar las consecuencias de cambios en los precios de venta, costos de 
aprovisionamiento, volúmenes estimados etc. Evaluaciones y comparaciones de alternativas 
de manejo son además posibles y por tanto el planificador se favorece ampliando su visión y 
siendo capaz de predecir los resultados futuros de las actuales decisiones de manejo, con un 
más alto grado de certeza. Sin embargo, el empleo del modelo requiere un conocimiento 
incrementado de la fundación de producción. La instalación de parcelas permanentes de 
muestreo, incrementando la intensidad de los inventarios previos al aprovechamiento y el 
empleo de sistemas remotos de monitoreo pueden hacer posible varias formas de expandir al 
conocimiento actual. 
 
Se han llevado a cabo averiguaciones respecto a si las metas de sostenibilidad de flujo 
homogéneo no declinante de madera, están de acuerdo con las tasas actuales de utilización en 
las concesiones forestales de Bolivia, mediante un análisis de sostenibilidad en el cual los 
llamados potenciales sostenibles de producción de diferentes especies se han estimado y 
comparado con las actuales tasas de aprovechamiento. Se ha sugerido que los niveles actuales 
de aprovechamiento en el área de estudio pueden ser considerados sostenibles en un nivel 
agregado de especies. Sin embargo, los niveles actuales de tres importantes especies i.e. 
bibosi (Ficus sp.), yesquero blanco (Cariniana ianeirensis) y yesquero negro (Cariniana 
estrellensis) no pueden ser considerados sostenibles en el nivel de especies individuales. Las 
especies maderables menos utilizadas en el área contienen una gran producción potencial 
sostenible actualmente no satisfecha.   
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Se concluyó que a la escala de Bolivia, los actuales niveles de aprovechamiento en un nivel 
agregado de especies están de acuerdo con la meta de sostenibilidad del flujo homogéneo no 
declinante de madera. Se ha estimado que la producción potencial sostenible de los bosques 
tropicales de Bolivia es de aproximadamente 0.45 m3/ha/año mientras que los niveles de 
aprovechamiento en el 2002 solamente alcanzaron 0.04 m3/ha/año. Sin ebargo, hay varias 
especies que estan siendo actualmente aprovechadas a intensidades que sobrepasan su 
potencial producción sostenible. Se ha concluído que la incorporación incrementada de 
especies menos utilizadas en la cadena productiva, es importante en el alcance de del 
aprovechamiento sostenible a nivel de especies individuales. 
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1 Introduction 
 
 
The continuing decline of the global tropical forest area and utilization of tropical forest 
resources are subjects of intense focus in both developed and developing countries. 
Endorsement of the concept of sustainable forest management is generally agreed to be a 
prerequisite if the current degradation of the tropical forest resources is to be slowed down. 
 
With more than 50 million hectares of tropical forest, Bolivia is a country with substantial 
forest resources. The management of the Bolivian forests is regulated by the Forest Law which 
was radically changed in 1996. Acknowledging the importance of sustainable forest 
management, the objective of the law is to: “… harmonize the social, economic, and 
ecological interests of the country through sustainable use and protection of the forest in favor 
of present and future generations.” (Ley Forestal 1996, section 1). 
 
The Forest Law requires forest management plans known as PGMFs1 to be developed for all 
kinds of forest utilization (Ley Forestal 1996, section 27 I). The first generation of PGMFs 
developed for concession forestry was approved by the Bolivian Forest Superintendence in 
1998. Bolivia does not have a strong tradition in planning of forest operations and up until the 
passing of the current forest law, the development of forest management plans was basically 
non-existent (Contreras-Hermosilla and Ríos 2002).  
 
Although the development of PGMFs constitutes a great leap forward in terms of achieving 
sustainable management, there is still room for improvement. A review of the PGMFs of ten 
of the largest forest concessions in Bolivia, listed in Appendix A, reveals that quantitative and 
economic analyses are seldom included and that harvest scheduling is done only one year in 
advance. This means that important long-term planning decisions such as application of the 
length of the cutting cycle and the size of annual harvest areas are often based on the 
minimum requirements of the law instead of analyses of the production potential in a given 
concession. If the PGMFs are to fulfill their role of being means of achieving sustainability in 
the management of forest concessions it is important that the long-term perspective of 
planning is given a higher priority and that the future impact of present actions can be 
predicted with a higher degree of certainty. Therefore, it is of interest to implement a planning 
model and examine whether the model could be used to improve current forest management 
planning in Bolivian forest concessions.  
 
A condition for sustainable management of forest concessions is that a continuous wood 
supply can be obtained from the forest in question. This implies that the annual loss of 
biomass as a result of harvest operations, as a minimum do not exceed the annual increment of 
biomass in the forest in general, or better yet, do not exceed the annual increment of biomass 
of the affected species. The latter may be formulated as a goal of a non-declining even-flow of 
timber volume in perpetuity. Because of the lack of quantitative analyses in the PGMFs, 
assessments of the relationship between harvest and increment are often based on vague 
estimates. Therefore, it is of interest to examine the relationship between harvest and 

                                                 
1 PGMF is an abbreviation of “Plan General de Manejo Forestal” 
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increment in order to establish whether current harvest practices can be considered compliable 
with a goal of non-declining even-flow of timber. 
 
Thus, the objective of this study is twofold:  
 

• To implement a planning model in a Bolivian forest concession and to examine
 whether the model could improve long-term planning decisions.  
 
• To asses whether a goal of non-declining even-flow of timber is in compliance 
 with the current harvest rates in Bolivian concession forestry. 

 
By application of the proposed planning model, quantitative and economic analyses of a forest 
concession in Bolivia are carried out in a case study area. The analyses are primarily based on 
historical pre-harvest inventory data of an area of almost 10,000 hectares corresponding to five 
years harvest. 
 
The model is devised using the planning system PEB, which consists of a simulation 
component based on mathematical programming forming input to a linear programming (LP) 
optimization component. PEB is designed for multiple-use forest management planning in 
Danish forestry (Tarp 2001).  
 
In the development of the planning model, a modified stand list is prepared and the 
interdependency of growth factors of the economically most important species in the case 
study area is estimated. Also, estimates of the stumpage prices of the different species are 
calculated. 
 
A sustainability analysis is carried out to asses the correlation between increment and harvest 
of the economically most important timber species in the case study area. So-called 
sustainable production potentials are calculated for these species and compared to current 
harvest rates to asses the compliance with a goal of non-declining even-flow of timber, both 
on an individual and an aggregated species level.  
 
A discussion of the results of the implemented planning model and its potential for improving 
the current forest management planning in Bolivia is provided along with a discussion of the 
results of the sustainability analysis. 
 
In addition, chapters providing basic knowledge of issues related to forest management 
planning in Bolivian concession forestry are included. A general introduction to forestry in a 
Bolivian context is presented along with an account of the Bolivian Forest Law and its 
influence on concession forestry in Bolivia. The general process of forest management 
planning in Bolivia is addressed and an account of the case study area is given. Furthermore, a 
description of the PEB planning system is provided.  
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2 Bolivian Forestry 
 
 
Although many people associate Bolivia with the snowcapped peaks of the Andes and llamas 
on the freezing Altiplano, much of Bolivia is tropical lowland containing vast areas of tropical 
forest. Below, a general introduction to Bolivian forestry is presented. The production 
potential of the forests and current production levels are described and the role of the Bolivian 
forestry sector in the national as well as the international economy is identified. Furthermore, 
the role of forest certification in Bolivia is briefly addressed. Initially, a general introduction 
to Bolivia is given. 
 

2.1 Introduction to Bolivia 
 
Located in the heart of South America, Bolivia is a landlocked country surrounded by Brazil, 
Paraguay, Argentina, Chile, and Peru (Figure 2.1). The total area of 1,098,581 km2 is 
inhabited by approximately 8.3 million people according to the latest census of 2001 (INE 
2001). This makes Bolivia the fourth largest country in South America according to area but 
only the eighth largest according to population (FAO 2003). The country is divided into nine 
departments and the administrative capital is the city of La Paz although the constitutional 
capital is still Sucre (INE 2004a).  
 
Despite being rich in natural resources with large deposits of natural gas, minerals and vast 
forested areas, Bolivia is one of the poorest countries in Latin America. The Gross National 
Income (GNI) per capita in 2002 was 900 US$ (World Bank 2004) and around two thirds of 
the population live in poverty (Knudsen 2001). Bolivia has 70% indigenous people, 25% 
mestizos and 5% of European heritage. The official languages are Spanish, Quechua, and 
Aymara although more than 32 different languages are spoken in the country (Knudsen 2001). 
 
Historically, Bolivia has been plagued by political instability. Between the independence from 
Spain in 1825 and 1982 the country experienced the coming and going of no less than 188 
different governments (Knudsen 2001). However, since 1985 Bolivia has been functioning as 
a democracy and the political stability is improving. Political turmoil is still common though, 
a fact former President Gonzalo Sanchez de Lozada had to realize when he was forced to 
resign in controversy and flee the country in October 2003 after nation wide demonstrations 
concerning export of natural gas via Chile. Gonzalo Sanchez de Lozada was replaced by the 
vice president Carlos Diego Mesa Gisbert. 
 
Bolivia is divided into three geographic regions (Montes de Oca 1997):  
 
1. The Andean region (el Altiplano) with altitudes of 3,000 meters or more above sea level. 

Characteristic for this region is the plateau between the western range (Cordillera 
Occidental) and the eastern range (Cordillera Oriental) of the Andes. 
 

2. The Valleys of the sub-Andean region (los Valles) with an average altitude of 2,500 
meters above sea level. High agricultural production is characteristic for this region.  
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3. The lowland plains (los Llanos) where most of the forests and forest industries are 

located. 
 
These three regions cover 28, 13, and 59 percent of the country respectively (INE 2004b).   
 
 

Figure 2.1 Map showing the landlocked location of Bolivia, names of the nine provinces, and major cities.
Modified from UT (2004). 
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2.2 Forest Resources 
 
Bolivia has a large forested area (Figure 2.2). According to FAO (2003) around 53 million 
hectares corresponding to 49% of the country is covered by tropical forests. Almost 10% of 
the total South American tropical forest area is 
located in Bolivia. On a global scale, Bolivia 
has the sixth largest area of tropical forest 
(SIFORBOL 2004a).  
 
The Bolivian Forest Law defines five 
categories of forest land (Ley Forestal 1996, 
sections 12-18; DS 1996a, sections 30-58): 
 
a) Protected forest land in which all cutting of 

trees or other utilization of the forest 
resource is prohibited.  

 
b) Forest land with permanent production 

according to the principles of sustainable 
forest management.  

 
c) Forest land suitable for various land use e.g. 

conventional wood production, production 
of non-wood forest products, erosion 
control and hydrographical concerns.  

  
d) Rehabilitating forest land consisting of deforested areas or otherwise degraded areas.   
 
e) Forest land not yet classified according to its potential. Until further investigations have 

been conducted the areas in this category are protected. 
 
The forest area is decreasing although not at an alarming rate compared to other tropical 
regions. Between 1990 and 2000 deforestation rates averaged 161,000 hectares per year 
corresponding to an annual decrease of 0.3% (FAO 2003). Most of the deforestation is done 
illegally as official deforestation allowances issued by the Bolivian Forest Superintendence 
averaged only 23,000 hectares per year between 1998 and 2002 (Superintendencia Forestal 
2004a).  
 
Up until the early 1990’s almost all timber trade in Bolivia comprised only three species, 
mahogany (“mara”, Sweitenia macrophylla), Spanish cedar (“cedro”, Cedrela fissilis) and 
Spanish oak (“roble”, Amburana cearinsis) (Fredericksen et al. 2003). Consequently, many 
forests today are stripped of these high value species though they are still relatively rich in 
other commercial timber species. In the last decade the focus on utilization of other species 
has been ever increasing and today around 100 different species are harvested for wood 
production in the country (Fredericksen 2000b). 
 
Because of large variations in altitude and precipitation the Bolivian forests are very diverse. 
Annual rain fall levels vary from about 500 mm in the southeastern parts of the country to 

Figure 2.2 Map of Bolivia showing the extensive 
forested area covering 49% of the surface of the 
country (CADEFOR 2004). 
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more than 4,000 mm in the northern parts. Likewise, the altitude of the forests varies from 
200 meters above sea level in the Amazon Basin to more than 2,000 meters above sea level on 
the slopes of the Andes (Killeen et al. 1993). 
 
The biodiversity in Bolivia is very high mainly due to the diversity of the tropical forests. 
Fredericksen (2000b) states that the Bolivian forests most likely represent the richest and 
largest tracts of neo-tropical forest outside the Brazilian Amazon. An estimated 20,000 
different plant species exist in the forests of Bolivia and more than 4,000 of these are woody 
plants (Killeen et al. 1993). In addition, 320 species of mammals, 1,358 species of birds, 257 
species of reptiles, 550 species of fish, and 166 species of amphibians have been recorded 
(Jack 1998). Through an extended system of national parks and other protected areas safe 
havens have been created for many of the biodiversity hot spots. In total 17.5 million hectares 
are classified as protected areas (INE 2004c).  
 

2.3 The Forestry Sector 
 
Despite the large forest resources the economic importance of the forestry sector is relatively 
small. This is linked to a number of reasons that are all more or less interrelated e.g. low 
utilization ratio of the available resources, low efficiency in the production chain, high 
operating costs and low competitiveness on the international market. 
 
2.3.1 Sector Statistics 
A consultant report financed by The Bolivian Forestry Chamber (Cámara Forestal de Bolivia, 
CFB) and The Andean Development Corporation (Corporación Andina de Fomento, CAF) in 
1999 estimated that the Bolivian forestry sector accounted for 3% of the Bolivian Gross 
National Product (GNP) equivalent to 220 million US$ (STCP 1999). Furthermore, it was 
estimated that the sector generates 90,000 jobs representing 4% of the workforce. According 
to SIFORBOL (2004b) exports from the forestry sector have decreased in resent years. The 
trade balance of the forestry sector from 1998 to 2002 is shown in Table 2.1.  
 

Table 2.1 Trade balance of the Bolivian forestry sector from 1998 to 2002
(SIFORBOL 2004b). 

 1998 1999 2000 2001 2002 
Export (million US$) 120.0 108.9 119.9 86.0 88.2 
Import (million US$) 51.6 58.9 67.9 64.9 47.5 
Difference (million US$) 68.5 50.1 52.0 21.1 40.7  

 
The forestry sector has experienced a decrease in exports of 26.5% from 1998 to 2002, and 
the forestry sectors share of the total Bolivian export has decreased from 9.1% to 6.4% in the 
same five-year period (SIFORBOL 2004b). The United States is the largest importer of 
Bolivian forest products accounting for 47.1% of the exports in the period from 1998 to 2002.  
 
2.3.2 Production Potential 
The production potential of the Bolivian forests is significant. Table 2.2 shows the current 
stock of merchantable timber in the different producing forest regions of Bolivia shown in 
Figure 2.3. 
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Figure 2.3 Major forest regions in Bolivia. Modified from 
STCP (1999). 

 
 
The merchantable timber stock in Table 2.2 is defined as cubic meters of logs above the 
minimum harvest diameter2 of species characterized as very valuable, valuable, or of minor 
value (Superintendencia Forestal 2004b). Excluded from the calculation are species with 
potential value, without value, or with unknown value. It must be stressed that many species 
of minor value included in the merchantable timber stock are not utilized consistently today 
(Superintendencia Forestal 2004b).  
 

Table 2.2 The area and the merchantable timber stock of the major producing forest
regions in Bolivia (Superintendencia Forestal 2004b).  

Region Area  
(million ha) 

Merchantable timber 
stock (m3/ha) 

Total stock 
(million m3) 

Chiquitanía 6.3 19.3 121.59 
Bajo Paraguá 3.8 15.9 60.42 
Guarayos 4.2 19.3 81.06 
Choré 1.6 33.3 53.28 
Preandino-Amazónico 4.1 30.0 123.00 
Amazonía 8.8 26.7 234.96 
Total 28.8  674.31 

 
STCP (1999) estimates a sustained production capacity of the Bolivian forests around 20 
million m3 a year. For the last several years the Bolivian log production has averaged 
approximately 500,000 m3 per year (Superintendencia Forestal 2004a). Thus, even if the 
actual production of logs might be higher than 500.000 m3 per year due to illegal logging the 
majority of the production potential of the Bolivian forests remains unexploited.  
 

                                                 
2 The minimum harvest diameter is 35-70 cm depending on the species and forest type (MDSP 1998, section 
3.6.2). 
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2.3.3 Current Production Levels 
Table 2.3 shows the accumulated areas and the associated production of logs of the different 
kinds of production forests in 2002 as reported by the Forest Superintendence 
(Superintendencia Forestal 2004a).  
 
As can be seen, the production of the indigenous communities is very inefficient with a 
production of only 8,771 m3 on an area of close to 560,000 hectares. This may not be a 
revelation given the fact that the indigenous communities does not yet have the technical 
know-how nor the required production facilities to utilize the resources in an efficient manner.  
 
Perhaps more of a surprise is the relative inefficiency of the concession areas. More than 72% 
of the current production area is comprised by concessions yet this area is responsible for only 
38% of the total production. In fact the privately owned forests have almost exactly the same 
output as the concession areas even though the area is ten times as small. The production of 
221,000 m3 in the concession areas corresponds to a removal of 0.04 m3 per hectare.  
 

Table 2.3 The area and associated log production of the different kinds of  
production forests in Bolivia (Superintendencia Forestal 2004a).  

Kind of forest Area (ha) Production (m3) 
Concessions 5,410,253 221,123 
Private forests 544,387 221,291 
Indigenous communities (TCOs3) 559,201 8,771 
Clearing rights 34,421 76,982 
Other uses 917,464 53,615 
Total 7,465,726 581,782 

 
Because of restrictions in the Bolivian Forest Law the concession area actually utilized is not 
5.4 million hectares a year. The concessionaries are required to use a cutting cycle of at least 
20 years which minimizes the annual cutting area to 5% of the entire area (MDSP 1998, 
section 3.8.2). In addition, some areas within the concessions are set aside as protected forests 
or as sample plots which decreases the annual area of utilization even further. Consequently, 
the concession area approved by the Forest Superintendence for exploitation in 2002 was 
114,885 hectares or 2.1% of the entire concession area (Superintendencia Forestal 2004a). 
Still, when looking only at the parts of the concession areas approved for utilization the 
harvest intensity - just under 2 m3 per hectare - is very low (Table 2.4). 
 

Table 2.4 Area approved for utilization, total production,
and harvest intensity of concession forests in Bolivia in
2002 (Superintendencia Forestal 2004a). 

Area approved (ha) 114,885 
Production (m3) 221,123 
Intensity (m3/ha) 1.92  

 
2.3.4 The Secondary Forest Industry 
Table 2.5 shows the installed capacity and the current output of different production facility 
categories in 1999, based on data from STCP (1999). It is evident that the Bolivian forest 
industry has a low capacity compared to the large forest resources in the country. However, 

                                                 
3 TCO is an abbreviation of “Tierra Comunitaria de Origen”. The exact definition of TCOs is given in the Law 
of Agrarian Reforms (Ley INRA 1996, section 41 I5).  
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because of the low utilization of the resources the installed capacity is more than enough to 
handle the current primary output of the forests.  
 

Table 2.5 Installed capacity and current production (1999) of the Bolivian forest
industry (STCP 1999).  

Product Production (m3) Installed capacity (m3/year) 
Sawnwood 500,000 1,500,000 
Veneer – Sliced 3,300,000 (m2) 8,400,000 (m2) 
Veneer – Rotary cut 32,000 61,000 
Plywood 22,000 41,000 
Particleboard 15,000 30,000 
Hardboard 25,000 45,000 
Value added products 100,000 220,000 

 
The data suggest that the Bolivian forest industry could double the production without 
investing in new equipment simply by using the already installed capacity to its full potential. 
Thus, there is a need for improving the planning in Bolivian forestry in order to ensure a 
better correlation between the primary forest output and the capacity of the production 
facilities.  
 
2.3.5 Bolivian Forestry on the International Market 
Until the early 1990’s, the Bolivian forestry sector supplied the international market with 
plentiful amounts of the high value species mahogany, Spanish cedar, and Spanish oak 
(Fredericksen et al. 2003). As the depletion of these species increased the Bolivian forestry 
sectors position on the international market was weakened. Today, Bolivian forestry does not 
have a strong position on the international market. However, the Bolivian forests hold an 
array of lesser-used species not yet incorporated on the international market. These species 
holds the potential to place Bolivia among the top producers of tropical wood products (Jack 
1999).  
 
Today, Bolivian forestry has a low competitiveness on the international market. High costs 
associated with Bolivian forestry are a main reason for this. The landlocked location of 
Bolivia means that transportation costs to export ports are significant and the relative political 
instability makes it difficult to attract investors despite the large production potential of the 
forests. Also, the costs associated with harvest operations in the forest are relatively high 
because of the low harvest intensity (cf. Table 2.4). 
 
The costs per m3 of harvest associated with the primary production chain rises as the harvest 
intensity falls. In an analysis of the Bolivian forestry sector the primary harvest cost was 
estimated and compared at two harvest intensities, 3 m3 per hectare and 12 m3 per hectare. 
The results are shown in Table 2.6. The data suggests that a reduction of the cost of around 
40% could be achieved if more intensive harvest operations were applied (STCP 1999). 
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Table 2.6 Production chain cost compared at 3 m3 per hectare and 12 m3 per hectare 
harvest intensities (STCP 1999).  

US$/m3 Cost component 
3 m3/ha 12 m3/ha 

Forest fees 6.67 1.67 
Management plan 0.10 0.03 
Pre-harvest inventory 4.00 1.00 
Road and log landing construction 6.23 2.80 
Felling 1.06 0.80 
Skidding and pilling 9.94 6.00 
Planning and supervision of harvest operations 2.50 2.50 
Loading of log trucks 1.10 1.00 
Transport to sawmill 10.50 9.00 
Unloading at sawmill 1.10 1.00 
Total 43.20 25.80 

 
In relation to Table 2.6 it has to be noted, that the forest fees system was changed in the fall of 
2003. Previously, the forest fees were set at 1 US$ per hectare of the entire concession area. 
Thus, a concession of 100,000 hectares would pay a forest fee of 100,000 US$. Using a 
cutting cycle of 20 years this meant that the forest fee per hectare actually utilized would be 
20 US$ - or as the example in Table 2.6 shows 6.67 US$/m3 presuming a harvest intensity of 
3 m3 per hectare. 
 
The recent change in the forest law means that the forest fee per hectare utilized is now 
approximately 4 US$ (DS 2003; Llanque et al. 2003). Consequently, the large difference in 
forest fee observed in Table 2.6 is not as significant today. Nevertheless, even if forest fees 
are not considered there is still a difference of 32% between the costs per m3 of the compared 
harvest intensities. 
 
2.3.6 Certification 
In Bolivia, the area of forest for which forest management plans have been developed 
amounts to approximately 7 million hectares distributed to forest concessions, local social 
groups, and native community lands (Achá and Guevara 2003). Of this area around 1.2 
million hectares have been certified according to the FSC certification scheme which makes 
Bolivia one of the leading countries in the world when it comes to relative amount of certified 
natural tropical forest (Nebel et al. 2003). The 1.2 million hectares of certified forest in 
Bolivia comprise 11 forest concessions on public land, 1 communal territory, and 1 private 
property (FSC-info 2004). Currently, all certification in Bolivia is carried out by the Forest 
Stewardship Council (FSC).  
 
The FSC certification scheme is indorsed through national initiatives. In Bolivia this was done 
by the Bolivian Council for Voluntary Forest Certification (Consejo para la Certificación 
Forestal Voluntaria, CFV) which made Bolivia the first non-European country to develop a 
set of national criteria of certification (Jack 1998). All FSC forest management certificates 
issued in Bolivia have been issued based on certification done by the SmartWood Program / 
Rainforest Alliance (FSC-info 2004). An overview of the forest management certificates and 
chain of custody certificates issued in Bolivia is given in Appendix B. 
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3 The Bolivian Forest Law  
 
 
In the 1990’s the political scene in Bolivia was characterized by several structural reforms. 
One of these was the Forestry Reform Package which induced a new national forestry regime 
as a set of norms that regulate the utilization of the forest resources. In relation to forest 
management planning the most important documents of the new regime were the Forest Law 
of 1996 (Ley Forestal 1996), the associated regulations (DS 1996a) and the technical norms 
for developing forest management plans (MDSP 1998). 
 
A description of the Bolivian forestry regime before 1996 and examples of initiatives prior to 
the Forestry Reform Package are given below followed by a description of the new Forestry 
Reform Package including the main contents and consequences of the Forest Law. 
Furthermore, the role of the Forest Law as a driving force for certification is briefly 
addressed. Finally an overview (Box 3.1) of the most important changes induced by the Forest 
Law is given.  
 

3.1 The Bolivian Forestry Regime Before 1996 
 
Conventional logging in tropical forests is often associated with creaming of high value 
timber species with negative ecological impact on the remaining forests (Holmes et al. 2001). 
Even though sustainable multipurpose forest management has shown its feasibility in 
economical and technical terms in many developed countries, sustainable forest management 
in most tropical countries is still not widespread (Bruenig 1996). Prior to the Forestry Reform 
Package the situation in Bolivia was not any different. Weak or nonexistent law enforcement 
resulted in unplanned utilization of the forests at the expense of sustainability (Fredericksen 
2000b).  
 
Until the approval and implementation of the Forest Law of 1996 the utilization of the forest 
resources in Bolivia was regulated by the Forest Law of 1974 (Ley Forestal 1974). Mancilla 
and Andaluz (1996) characterize the law of 1974 and the enclosed regulations as good 
legislative documents compared to the standards of that period. However, the law of 1974 was 
poorly implemented and therefore more or less inefficient (Mancilla and Andaluz 1996). 
         
The procedure of forest utilization was that the state as owner of all forest resources in the 
country granted concession rights to the private sector. The duration of the contracts was 
typically one to five years, which was not in harmony with the long-term perspective that 
characterizes sustainable forestry. Like the Forest Law of 1996, the law of 1974 demanded 
development and implementation of forest management plans though this was seldom 
enforced (Contreras-Hermosilla and Ríos 2002).  
 
The forest fees system for concession forestry was solely based on the volume of timber 
extracted giving the concessionaires incentives to obtain as large concessions as possible 
(Contreras-Hermosilla and Ríos 2002). With enormous areas under concession the 



The Bolivian Forest Law 

12 

concessionaires primarily exploited the high value species mahogany, Spanish cedar, and 
Spanish oak (Fredericksen et al. 2003).  
 
Another problem was related to indistinct tenure and property rights of the land. This led to 
conflicts between concessionaires, peasants and indigenous people. In fact the interests of 
peasants and indigenous peoples traditional rights to utilize and own land were not official 
recognized (Contreras-Hermosilla and Ríos 2002). 
 
A strong and well functioning institutional framework was, and still is, essential for the 
administration of the considerable amount of forest resources Bolivia possesses, but such a 
framework did not exist in Bolivia. As is commonly seen in other developing countries the 
public forest administration was dominated by centralization, short-term political solutions, an 
excessive workload, and own interests (Bruenig 1996). Furthermore, the administrative 
bodies suffered from lack of resources, insufficient educated personnel and corruption 
(Contreras-Hermosilla and Ríos 2002).  
 
The main consequences of the issues described above were that once an area was obtained, 
the concessionaires had almost free hands to exploit the resources. In fact, several 
governmental institutions considered the forests as worthless land only suitable for conversion 
to other use e.g. agriculture. The selective logging practices were so profitable that incentives 
to change behavior or to invest in the processing industry to add value to the products did not 
exist (Howard et al. 1996).  
 

3.2 Initiatives prior to the Forestry Reform Package  
 
During the early 1990’s the political constitution of Bolivia was modified and a number of 
new laws affecting the forest resources and the forest management were adopted (Rodriguez 
2001).  
 
A cornerstone in the reform process was the Public Participation Law of 1994 (Ley de 
Participación Popular 1994) which indicated a strong political will to make policymaking a 
participatory process. With the Public Participation Law the government increased the local 
municipalities’ freedom of action both in terms of decision making and in making 
investments (Ley de Participación Popular 1994; Pavez, and Bojanic 1998). 
 
The political constitution of Bolivia was modified in the early 1990’s and in 1995 a new 
constitution was approved by the congress. A noteworthy change in the constitution was the 
recognition of Bolivia as a multiethnic country and that indigenous people was given the right 
to identity, territory, and natural resources (Constitución Política del Estado 1995, section 1 
and 171 II; DS 1996b, section 7). Thus, the road was cleared for indigenous people 
conducting community based forest management in their own territories and the first steps 
towards clarification of the indistinct tenure and property rights were taken.  
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3.3 The New Forest Law of 1996 
 
As a sector-specific law under the frame of the Law of the Environment (Ley de Medio 
Ambiente 1992) the new Forest Law was adopted in 1996 and implemented the following 
year. Prior to this a heated debate on forest sector issues had fluctuated in the congress for 
five years (Jack 1998; Jack 1999; Bojanic 2001). The new forestry regime changed both the 
forest regulatory and the institutional framework. This was not done by Bolivia on its own. A 
range of international assistance agencies and organizations contributed to the policy and law-
making process with technical information and advice to decision makers (Bojanic 2001). In 
particular American and Swedish donors have supported the process (Nebel et al. 2003).   
 
The objective of the Forest Law of 1996 is to: “… harmonize the social, economic, and 
ecological interests of the country through sustainable use and protection of the forest in 
favor of present and future generations.” (Ley Forestal 1996, section 1).  
 
This statement is clearly inspired by the definition of sustainability by Brundtland (1987) and 
its direct consequence is a requirement of all logging operations to be performed in 
compliance with sustainable forest management principles taking into account economical, 
ecological and social aspects. Thus, forest management plans became a prerequisite by law. 
The obligation to produce forest management plans was not new but there had been no 
compliance with this requirement in the past.  
 

3.3.1 The Forest Law and Concession Forestry 
In relation to concession forestry, the most important parts of the Forest Law are explained in 
the following and a summary is given in section 3.4.  
 
In order to give the concessionaires incitements to change their logging practices in a 
sustainable direction the duration of the concession rights were raised to 40 years and made 
transferable and renewable (Ley Forestal 1996, section 29 III). The concession area should be 
divided into a series of annual harvest areas with a maximum of 3 individual areas per year. 
Once an area has been harvested, the area may not be re-entered until the duration of the 
cutting cycle. Of the productive part of the concession area only 5% is allowed to be 
harvested per year resulting in a minimum cutting cycle of 20 years (MDSP 1998, section 
3.8.2 and 4). A maximum of 80 % of the harvestable volume of each species may be 
harvested because 20% must be left standing in the forest as seed trees (MDSP 1998, section 
3.8.4). 
 
In order to solve some of the conflicts of indistinct tenure and property rights the total area 
under concession needed to be diminished. This was done by introducing an area based forest 
fees system instead of the old system based on the amount of timber extracted. The size of the 
fees was set at 1 US$ per hectare per year for the entire concession area (Ley Forestal 1996, 
section 37, I). The new forest fees system reduced the area under concession from 22 millions 
hectares before the new law to 5.4 millions hectares in 2002 and the number of concessions 
dropped from around 180 to 86 (Jack 1998; Superintendencia Forestal 2004a).  
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However, the concessionaires had difficulties keeping up with the payments and as a 
consequence of the growing debt the majority of the companies involved in concession 
forestry considered giving up their concessions (El Deber 2003; El Nuevo Día 2003). 
Therefore, the forest fees system was changed again in 2003. With the new forest fees system 
the concessionaires pay a fee of 1 US$ per hectare annual harvest area plus a fee to the Forest 
Superintendence (approximately 4 US$/ha/year) (DS 2003; Llanque et al. 2003). 
 

3.3.2 The Forest Law and Certification 
The new forestry regime indirectly promoted the growth of certification due to the 
resemblance between the technical requirements of the Forest Law of 1996 and the technical 
requirements of FSC. Thus, certification was - and still is - relatively cheap and easily 
accessible for companies obeying the law (Contreras-Hermosilla and Ríos 2002; Jack 1998; 
Nebel et al. 2003). Whether the introduction of certification has an immediate positive effect 
on the economy of Bolivian concession forestry is questionable. According to Gil López 
(2003), the interest in certification is increasing but there is yet to be experienced price 
premiums for certified forest products. However, a recent study by Nebel et al. (2003) states 
that price premiums in the range of 5-51% were given for the majority of exported FSC-
certified timber products in Bolivia and that the price premiums are presumably enough to 
outweigh the direct cost of being certified.  
 

3.4 Changes Endorsed by the Forest Law of 1996 
 
Box 3.1 below sums up some of the most important changes endorsed by the Forest Law of 
1996.  
 
Box 3.1 Elaboration on some important changes endorsed by the Forest Law of 1996. 

Aspect Comment 
 
New institutional structure. 

 
New institutions belonging under the Ministry of Sustainable 
Development and Planning (Ministerio de Desarrollo Sostenible 
y Planificación, MDSP): 
 
SIRENARE (Sistema de Regulación de Recursos Renovables): 
A system for regulation of the renewable natural resources. 
Created to facilitate the implementation of the law (Ley Forestal 
1996, section 21). 
 
Forest Superintendence (Superintendencia Forestal): Created 
as a part of SIRENARE. Responsible for the operational part of 
administering the Forest Law (Ley Forestal 1996, section 22). 
 
FONABOSQUE (Fondo Nacional de Desarrollo Forestal): A 
national forestry development fund created to support 
sustainable forest management and the forest development 
projects approved by the Forest Superintendence (Ley Forestal 
1996, section 23).  
 
 

(table continued next page)
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New forest fees system. 

 
The forest fees system introduced with the Forest Law of 1996 
was changed according to DS (2003). The concessionaires now 
pay a fee of 1 US$ per hectare annual harvest area plus a fee to 
the Forest Superintendence (approximately 4 US$ per hectare 
per year) (DS 2003).  
 

 
Redistribution of the forest resources and 
responsibilities in favor of indigenous 
people and local population groups. 

 
The fields of responsibility of prefectures and municipalities 
were increased e.g. 20% of the public forestlands were handed 
over to the administration by the municipalities (Ley Forestal 
1996, section 24 and 25).  
 

 
Efforts to put down crime and corruption. 

 
The main emphasis of the Forest Law is on regulative and 
punitive aspects e.g. approval of plans, announced and 
unannounced inspections, fining for criminal offences, 
confiscation of illegal forest products, machinery etc. (Ley 
Forestal 1996, section 22 I, 33, 34, 41, and 42).  
 
Furthermore the Forest Superintendence is entitled to bring in 
the National Police or the Army to enforce the law (DS 1996a, 
section 59 I).    
 
As a means to put down corruption forest concessions are issued 
by open auctions (Ley Forestal 1996, section 30 I). 
 

 
Promotion of sustainable forest 
management. 

 
Mandatory development and implementation of Forest 
Management Plans (Planes Generales de Manejo Forestales, 
PGMFs) and Annual Operational Forest Plans (Planes 
Operativos Anuales Forestales, POAFs) for all utilization of the 
forest resources (Ley Forestal 1996, section 27; DS 1996a, 
section 1 II). 
 
Concession rights are granted for a period of 40 years and are 
renewable and transferable (Ley Forestal 1996, section 29 III)  
 
Requirement of a minimum cutting cycle of 20 years i.e. only 
5% of the productive area can be logged per year (MDSP 1998, 
section 3.8.2).  
 
The annual harvest should be divided into a series of annual 
harvest areas with a maximum of 3 individual areas (MDSP 
1998, section 4). 
 
20% of the harvestable volume of each species must be left 
standing in the forest as seed trees (MDSP 1998, section 3.8.4). 
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4 Forest Management Planning in Bolivia 
 
 
According to the political constitution of Bolivia all rights of natural resources, forests 
included, within the borders of the country exclusively belong to the state (Constitución 
Política del Estado 1995, section 136 and 165). Accordingly, the utilization of these resources 
is governed by the state. The forests were up until the mid 1990’s considered by several 
governmental institutions as worthless lands only suitable for conversion to other uses e.g. 
agriculture (Contreras-Hermosilla and Ríos 2002). This position provided few incentives for 
forest management planning. After extensive work on legislative reforms in the 1990’s the 
conditions for forest management planning have changed.  
 
The following paragraphs describe the conditions under which forest management planning is 
carried out. The institutional framework is described and the legislative requirements are 
addressed from a forest concession point of view. A review of the general forest management 
plans of ten large Bolivian forest concessions is carried out. 
 

4.1 The Institutional Framework 
 
Figure 4.1 below is a simplified model showing the structural hierarchy of the institutional 
framework in Bolivian forest resource administration. 
 

President of the Republic

Ministry of Sustainable 
Development and 
Planning (MDSP) 

National Forest 
Development Fond 
(FONABOSQUE) 

Forest Superintendence
Departmental 

Prefectures 

Municipalities 

 
Figure 4.1 A simplified model of the structural hierarchy of the institutional framework 
in Bolivian forest resource administration. 
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The Ministry of Sustainable Development and Planning  
The Bolivian forestry sector belongs under the responsibility of the Ministry of Sustainable 
Development and Planning (Ministerio de Desarrollo Sostenible y Planificación, MDSP). 
According to the Forest Law the MDSP is responsible for formulating political strategies and 
producing plans and norms for the forestry sector (Ley Forestal 1996, section 20). Other 
responsibilities of the MDSP mentioned in the same section are: 
 

• Classification of land. 
• Development of price references for rough sawn wood.  
• Adjustment of timber fees. 
• Planning and supervising watershed management. 
• Promotion and support of forest research, the forest sector and forest education. 
• Giving technical assistance and distribution of foreign assistance e.g. economic 

resources for planning, programs, and projects related to forestry. 
 
The Forest Superintendence 
The operational part of administrating sector-specific laws in Bolivia is done by a number of 
superintendence agencies. The Forest Superintendence (Superintendencia Forestal) was 
created with the new Forest Law in 1996 as a part of the System of Regulation of Renewable 
Natural Resources (Sistema de Regulación de Recursos Naturales Renovables, SIRENARE) 
(Ley Forestal 1996, section 21). The Forest Superintendence is responsible for implementing 
congressional decisions concerning the forest sector. The Forest Law includes a list of areas 
of which the Forest Superintendence has authority (Ley Forestal 1996, section 22). Among 
these are: 
  

• Issuing, renewing, and canceling forest utilization rights. 
• Approval of general forest management plans (Planes Generales de Manejo 

Forestales, PGMFs) and annual operational forest plans (Planes Operativos 
Anuales Forestales, POAFs). 

• Collection of fees, issuing of fines, and distribution of collected funds. 
• Confiscation of illegal forest products. 
• General monitoring and inspection of the utilization of the forest resources and 

enforcement of the law. 
 
The Forest Superintendence is divided into four individual intendances with responsibility for 
technical aspects, juridical aspects, operational aspects, and aspects concerning institutional 
development. Furthermore, there is a unit for financial administration and a unit of 
coordination with indigenous people and organizations (Unidad de Coordinación con Pueblos 
y Organizaciones Indígenas, UCPOI). The national office is located in Santa Cruz de la Sierra 
and 7 local offices are placed in individual departments. In addition, a number of operational 
forest units (Unidades Operativos de Bosques, UOBs) are located in the provinces (CIMAR 
2000) 
 
The National Forestry Development Fond  
To support sustainable forest management and the forest development projects approved by 
the Forest Superintendence the National Forestry Development Fond (Fondo Nacional de 
Desarrollo Forestal, FONABOSQUE) was created with the new Forest Law. 
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FONABOSQUE belongs under the MDSP but has technical, administrative and financial 
autonomy4 (Ley Forestal 1996, section 23). 
 
Departmental Prefectures and the Municipalities 
The powers of the Departmental Prefectures and the Municipalities are mainly on department 
and municipal level and are explained in the Forest Law section 24 and 25. 
 

4.2 The Process of Forest Management Planning 
 
According to the Bolivian Forest Regulatory (DS 1996a, section 69 I and II) forest 
management planning in subtropical and tropical forests must as a minimum include a forest 
inventory and a management plan. The management plan consists of a general plan and 
annual operational plans as subsidiary instruments. Below, the inventories and the two types 
of plans are explained further.   
 
4.2.1 Forest Inventories 
Forest inventories are mandatory for concession rights to be issued. The mandatory inventory 
is done to clarify the composition, condition and potential of the concession area. The 
inventory has to be repeated every ten years. A set of minimum demands to the forest 
inventory is described in the Forest Regulatory (DS 1996a, section 69) and the exact technical 
norms are stated in MDSP (1998). Moreover, forests inventories of the annual harvest areas 
are carried out on a yearly basis in established concessions as a tool in the planning process.  
   
  
4.2.2 The General Forest Management Plan  
For all types of utilization of forest resources in Bolivia it is required to develop a PGMF to 
be approved by the Forest Superintendence (Ley Forestal 1996, section 27 I). The technical 
norms for the development of PGMFs are explained in MDSP (1998). According to MDSP 
(1998) the content of the PGMFs ought to be in harmony with the three pillars of 
sustainability comprising ecological, economical, and social aspects. The purpose of 
preparing PGMFs is to ensure that the management of the forest resources is done with the 
highest possible profit without giving up on sustainability and endangering the potential of 
using the resource in the future. Once approved by the Forest Superintendence the PGMFs are 
durable as long as the concession right is valid or as a minimum the duration of a cutting 
cycle (MDSP 1998, section 3.13) though, they have to be reviewed every fifth year (Ley 
Forestal 1996, section 30).  
 
4.2.3 The Annual Operational Forest Plan  
In addition to the PGMFs, concessionaires are required to develop POAFs describing the 
silvicultural activities one year ahead. The described activities should be in harmony with the 
guidelines delineated in the PGMF. A POAF should be elaborated in accordance with MDSP 
(1998) and approved by the Forest Superintendence (DS 1996a, section 98).     
 

                                                 
4 The FONABOSQUE is financed by forest concessions fees, treasury and financial transfers from the 
Biodiversity Convention and the Climate Change Convention (Contreras-Hermosilla and Ríos 2002).   



Forest Management Planning in Bolivia 

19 

4.3 A Review of the General Forest Management Plans 
 
In this study, the general forest management plans from ten large forest concessions in Bolivia 
were reviewed. Eight of the concessions are located in the department of Santa Cruz and two 
are located in the department of Pando. The concessions are among the largest in their 
individual departments all with an area of 100,000 hectares or more. The criteria for the 
selection of the concessions were resemblance with the case study area (cf. chapter 5) in size 
and location. Though, two plans were assembled from the department of Pando to get a 
broader geographical diversion in the background information. General information about the 
concessions is given in Appendix A. 
 
The contents of the plans both in the department of Santa Cruz and in the department of 
Pando reflect the demands of the Forest Law and the guidelines explained in the technical 
norms for developing forest management plans (Ley Forestal 1996; MDSP 1998). The Forest 
Law requires concessionaires to embrace the concept of sustainable forest management. Thus, 
the concessionaires should give equal attention to the social, economic, and ecological, 
aspects of the forest management.  
 
Transferred to a timber harvesting perspective the sustainability demand could be interpreted 
as a demand of an infinite non-declining even-flow of timber without threatening the 
ecological and cultural characteristics of the forest (Vanclay 1996). This imposes the problem 
of determining a cutting cycle and a harvest intensity i.e. annual allowable cut that can fulfill 
the sustainability objective of non-declining even-flow of timber. 
 
The review of the general forest management plans of the ten large forest concessions 
revealed that quantitative analyses are limited to analyses of the present stock of harvestable 
trees whereas quantitative analyses that take increment into consideration are lacking. Thus, 
important issues related to sustainability such as the cutting cycle and the size of the annual 
allowable cut are based solely on estimates of the size of the present stock. Furthermore, the 
review revealed that 7 of the 10 concessions use a cutting cycle of 20 years which is the 
minimum allowable cutting cycle according to the legislation (MDSP 1998, chapter 3.8.2). 
The remaining three concessions use a cutting cycle of 30 or 35 years. All ten concessions 
estimate the annual allowable cut by dividing the total timber stock above the minimum 
harvest diameter (according to the inventory data) by the length of the cutting cycle. 
 
In this way, the annual allowable cut is computed in the form of an annual possible cut. This 
harvest can be expected to be sustained for the duration of the cutting cycle but, hereafter, the 
stock would have been utilized and the harvest would have to be conducted according to the 
increment of the remaining trees. Thus, it is far from certain that the annual allowable cut 
calculated in this way would be in accordance with the sustainability demand of a non-
declining even-flow of timber. 
 
It must be stressed that, currently, none of the concessionaires carry out the harvest operations 
according to the calculated annual allowable cuts because the sawmills and other production 
facilities that are connected to the concessions do not have a sufficient capacity. However, it 
could have negative consequences on the forest ecosystem if the calculated annual allowable 
cuts were used as a reference for upgrading sawmill capacities. 
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If the annual allowable cut is to reflect the harvest that is allowable in terms of fulfilling the 
sustainability demand of non-declining even-flow of timber, then estimations of increment 
levels have to be considered. A sustainability analysis, considering estimated increments, of a 
specific Bolivian forest concession is carried out in chapter 9. 
 



The Case Study Area 

21 

5 The Case Study Area 
 
In the following sections a description of the case study area is given, mainly based on the 
general forest management plan of the La Chonta concession (La Chonta 1998), the annual 
operational plan of La Chonta for the year 2003 (La Chonta 2003a), personal comments by Sr. 
Pablo Gil López (Gil López 2003), and personal observations by the authors. 
 

5.1 Location, Ownership, and Logging History 
 
The case study area is a forest concession located in the province of Guarayos in the 
department of Santa Cruz 31 kilometers northeast of the town of Ascención de Guarayos and 
330 kilometers north of the city of Santa Cruz de la Sierra (Figure 5.1). 
 

 
Figure 5.1 Map of Bolivia showing the location of the case study 
area. In addition, the productive forest land and forest
concessions of Bolivia are shown. Modified from Superintendencia
Forestal (2004c). 

 
 
The concession covers an area of 100,000 hectares and is owned by the company of La 
Chonta which was founded in 1974 by the formal name of Empresa Agroindustrial La Chonta 
Ltda. (La Chonta 1998). The rectangular concession area is confined within the limits of the 
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following coordinates according to the Universal Transverse Mercator system (UTM) (Table 
5.1).  
 

Table 5.1 Universal Transverse Mercator (UTM) coordinates of the case
study area (La Chonta 1998). 

X Y 
508900 8249500 
545001 8249500 
545001 8277200 
508900 8277200  

 
Logging operations began in the 1970´s and were initially based on the extraction of the high 
value timber species mahogany and Spanish cedar. At this point the concession area was 
257,000 hectares. Because of the changed forest fees system implemented by the Forest Law 
of 1996 the area was reduced to its current size of 100,000 hectares. 
 
In 1998, the company adopted a provisional policy not to utilize mahogany during the 
following 15 year period. This was done to give these species a chance to recover from the 
excessive exploitation of the previous years. Consequently, the focus shifted to utilization of 
lesser-used species and today the four species of bibosi (Ficus sp.), ochoó (Hura crepitans), 
yesquero blanco (Cariniana ianeirensis), and yesquero negro (Cariniana estrellensis) 
constitute 80% of the turn-over of the company. The species are described in appendices C, 
D, E, and F. A group of lesser-used species makes up the remaining 20 % of the turn-over. A 
list of these species (the species group “rest”) is found in Appendix G. 
 

5.2 Climate and Soil 
 
The mean annual temperature in the case study area is 25.3ºC and the mean annual 
precipitation is approximately 1,600 mm. The months of June, July, and August are 
characterized as the dry season and during this period the temperature reaches its minimum 
(La Chonta 1998). According to the Köppen Climate Classification the case study area has a 
tropical climate (Köppen 1918).  
 
According to the definitions given by the Soil Survey Staff (2003) the soils of the area are 
classified as Oxisols, Ultisols, and Inceptisols. Oxisols and Ultisols are typical for tropical 
regions while Inceptisols are found under a wider range of ecological settings. 
 

5.3 Flora and Fauna 
 
The entire area is more or less forested. The forests are characterized as sub-tropical humid 
forests according to the Holdrigde life zone classification system (Holdridge et al. 1971). By 
interpreting satellite photos, the vegetation of the area has been classified in four different 
categories according to its production potential (La Chonta 1998).  
 

• High density forest  12,936 hectares  
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• Medium density forest  50,453 hectares 
• Low density forest  35,561 hectares 
• Rocky areas   1,050 hectares 

 
According to the forest management plan of the company, the forest is structurally divided 
into four layers: dominant, subdominant, inferior and herbaceous. The dominant layer 
comprises species such as bibosi, ochoó, yesquero blanco, yesquero negro, and tarara 
(Centrolobium microchaete). Some species, like bibosi and ochoó can grow to considerable 
sizes with diameters5 of more than 250 cm. 
 
In the inventory conducted by La Chonta prior to the approval of the general forest 
management plan for the concession area a total of 107 different tree species with a diameter 
above 20 cm were registered. 
 
La Chonta distinguishes between four administrative units 
 

• Forest designated to production   71,200 hectares 
• Forest under rehabilitation   14,850 hectares 
• Protected forest    8,700 hectares  
• Rocky areas, steep slopes, rivers and clefts 5,250 hectares 

 
Despite the earlier harvest of high value species much of the forest is relatively untouched and 
contains a diverse flora and fauna which, amongst other species, boasts several large 
mammals such as the tapir (Tapirus terrestris), the jaguar (Panthera onca), and a number of 
species of primates such as the spider monkey (Ateles paniscus). 
 

5.4 Company Structure 
 
The corporation of La Chonta is an integrated company that, in addition to the concession 
area of La Chonta, owns another Bolivian forest concession of 120,000 hectares by the name 
of “Lago Rey”. The company also owns and operates two sawmills and a factory for 
production of value-added products such as doors, window frames, flooring, etc. 
 
One sawmill is located next to the concession area of La Chonta. The sawmill is run by two 
shifts of 25 workers per day and has a capacity of approximately 80 m3 per day depending on 
the species being sawn. Considering the sawmill is in operation 40 weeks per year with 11 
shifts per week the annual sawmill capacity is approximately 17,600 m3. The sawmill also has 
installed capacity for drying sawn wood. 
 
The sawn wood produced at the La Chonta concession is forwarded the factory in Santa Cruz 
de la Sierra for further processing. The final products, which to a large extend are value-added 
products notably doors and flooring, but also consist of “raw” sawn wood, are exported via 
Arica, Chile, or Buenos Aires, Argentina to the North American and European markets. The 
company does not sell round wood (Gil López 2003). 

                                                 
5 In this thesis, diameter should be interpreted as diameter at breast height (DBH). 
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The La Chonta concession is certified by the Forest Stewardship Counsel (FSC-info 2004). 
The company also holds an FSC chain of custody certificate for their sawmills and the 
production facility in Santa Cruz de la Sierra. Thus, the company is allowed to mark and sell 
all its products with the FSC label. 
 

5.5 Harvest Operations 
 
One year in advance of harvesting a given area, the area is divided in a maximum of 3 
different compartments. Historically, the annual harvest areas of the La Chonta concession 
have been divided into three compartments of 800 hectares each with the exception of 1999 
which saw the annual harvest area divided into 2 compartments of 1,080 and 800 hectares, 
respectively.   
 
A pre-harvest inventory of each of the compartments, determined for harvest the following 
year is carried out. The location of all trees of commercial interest with diameters above the 
minimum harvest diameter is registered and the trees are identified by a number, species, 
circumference, and log height.  
 
From the pre-harvest inventory data, a map showing the location of every recorded tree is 
produced (Figure 5.2). In addition to the cited information, the map contains information 
about which trees are to be left in the forest as seed trees according to the requirements of the 
legislation (MDSP 1998, section 3.8.4). 
 
The produced map is a very important instrument in the conduction of harvest operations. A 
team of approximately 12 people, including felling crews, skidder operators, a front loader 
operator, mechanics, and a cook is responsible for the harvest operations. For much of the 
year the team lives in a camp in the forest. 
 
The actual logging is carried out by the felling crew who locates and fells the harvestable 
trees via the map produced from pre-harvest inventory data. The team is instructed to judge in 
situ the commercial interest of the trees and to leave commercially unattractive trees standing. 
If, for example, the logger notices from the sawdust of a tree he is felling that the tree has a 
rotten core, he is instructed to leave it standing. 
 
Upon logging, the logs are collected and forwarded to a log landing using a rubber tire 
skidder. The log landings are always constructed at main roads. Only one main road is 
constructed per 800 hectares compartment and from this the skid trails are directly connected. 
Thus, the main road length is kept to a minimum – approximately 5 kilometers per 
compartment. 
 
At the log landing, the logs are measured and numbered and sometimes cut into specified 
lengths. Hereafter, the logs are loaded onto a log truck using a front loader. The logs are then 
transported to the sawmill on the border of the concession area. 
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Figure 5.2 Modified example of a map of a compartment. The map is based on pre-
harvest inventory data and shows the location and species of trees with a diameter 
above the minimum harvest diameter. In the original map all trees are numbered and 
seed trees are marked. 
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5.6 Forest Management Planning in La Chonta 
 
Forest management planning in the subtropical and tropical forests of Bolivia must include a 
management plan composed by a general forest management plan, forest inventories, and 
annual operational plans (Ley Forestal 1996, section 27 I; DS 1996a, section 69 I and II).  
 
5.6.1 Forest Inventory 
La Chonta conducted an inventory in 1996 comprised by 100 plots systematically distributed 
to the concession area and identified by the Global Positioning System (GPS). The inventory 
was set up in accordance with the legislative guidelines for design and procedure of forest 
inventorying in Bolivia (DS 1996a, section 69 IIa; MDSP 1998, section 2). All plots were the 
form of a rectangle with a size of 1 hectare each. Thus, the sampling intensity amounted to 
0.1% of the concession area and 0.14% of the productive area (cf. Section 5.3 above). In the 
management plan of La Chonta, the sampling intensity of the productive area is stated at 
0.13% because 7 plots were excluded since no information was available from these (La 
Chonta 1998). 
 
In each plot, trees with diameter of 20 cm or more were registered by a number and a 
reference to identify the plot of origin. Furthermore, species, total height, log height, and 
diameter (measured by circumference) were registered. Trees with a diameter less than 20 cm 
had their species and diameter registered in subplots designed as follows: 
 

• 10 cm ≤ diameter < 19.9 cm  200 subplots of 10 x 10 m (2 ha) 
• 5 cm ≤ diameter < 9.9 cm  200 subplots of 5 x 5 m (0.5 ha) 
• diameter < 5 cm   200 subplots of 2 x 2 m (0.08 ha) 

 
The inventory is to be repeated every 10 years.  
 
5.6.2 General Forest Management Plan 
The outline of the PGMF developed by La Chonta is identical to the one delineated in 
Appendix H. In general, the plan is descriptive and no optimization tools are used to support 
the management proposals. The main features of the plan are extracted below. 
 
Management System 
The management system is based on polycyclic management with selective logging of 
commercial species. The logging is carried out according to market demands but lesser-used 
species will be promoted as well. In total, 18 species are considered in the plan of which 11 
are utilized at the moment. The harvest activities aims at reducing the impact on the 
remaining forest e.g. through vine cutting done by the pre-harvest inventory team and 
direction specific felling. 
 
General Objectives 

a) The general forest management plan should be an instrument of governance to 
promote sustainable use of the forest resource. 
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b) To execute economically profitable, technically feasible, and ecologically sustainable 
forestry activities. 

 
c) Integral utilization of the forest resources by means of promoting species which 

currently are unknown to the market. 
 
Specific Objectives 

a) To increase the efficiency of the operations in the forest and at the sawmill. 
 

b) To increase the conversion ratio i.e. to minimize the loss of wood in the utilization 
process both in the felling operations and at the sawmill. 

 
c) To reduce the impact on the forest caused by the utilization. 

 
d) To ensure protected areas that guaranties the continuity of the fauna. 

 
e) To execute programs of silvicultural and wood-technical investigations in co-operation 

with e.g. “Proyecto de Manejo Forestal Sostenible” (BOLFOR), ”Programa de 
Manejo de Bosques” (PROMABOSQUE), and ”Universidad Autónoma “Gabriel 
René Moreno”” (UAGRM). 

 
f) To generate jobs for communities neighboring the concession area. 

 
g) To get international forest certification to reach new markets.   

 
Cutting Cycle  
The cutting cycle is set to 30 years. This is based on the general characteristics of the forest, 
the estimated standing volume, and an assumption of 0.5 cm yearly diameter increment for all 
species. This corresponds to an annual harvest area of 2,373 hectares in the 71,200 hectares 
set aside for production (cf. section 5.3 above). It is stated that the cutting cycle will be 
reconsidered as the knowledge of local growth conditions increases. 
 
Annual Allowable Cut 
Based on the inventory data, the standing volume of the production area (71,200 hectares) of 
the 18 species included in the plan is estimated to 1,928,380 m3. Since 20% of the harvestable 
volume must be left standing in the forest as seed trees (MDSP 1998, section 3.8.4), the actual 
harvestable volume is estimated to be 1,542,704 m3. Keeping in mind the cutting cycle of 30 
years, the company estimates an annual allowable cut of 51,423 m3. The sawmill capacity in 
2003 was approximately 17,600 m3 (cf. section 5.4 above) and an annual extraction of 30,000 
m3 is stated as a goal for the company. 
 
5.6.3 Annual Operational Forest Plan 
The POAF of La Chonta is outlined in Appendix I. The annual plan specifies the activities of 
the year to come and the expected harvest is estimated.  
 
Special for the La Chonta concession are the research programs carried out by different 
organizations, notably BOLFOR, within the concession area. Abstracts of ongoing and 
previous projects are enclosed in the plan.  
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An annual plan must be submitted by the company and approved by the Forest 
Superintendence every year. 
 
 



The PEB Planning System 

29 

6 The PEB Planning System 
 
 
The PEB planning system is developed for Danish forestry planning. The system consists of a 
simulation component based on mathematical programming that forms input to a linear 
programming (LP) optimization component. The use of PEB enables the planner to find multi 
criteria compromise solutions by incorporation of Political, Economic and Biological 
constraints and goals that apply to the forest estate. In addition to its use in Danish forestry, 
PEB has been applied for management of mangrove forests in Vietnam (Christensen 2003). 
 
The PEB planning system is briefly described below based on Tarp (2001). 
 

6.1 Introduction 
 
The PEB planning system is a so-called area-based planning system developed for short-term 
optimization of forest management planning in Danish forestry. It requires species group or 
stand level data and operates with annual operational planning with a time horizon of 10 
years. In forest management it serves as supplement to periodic planning (periods of 10-15 
years) by giving more attention to the near future. The basic idea of the PEB planning system 
is to maintain the information level present in a stand or compartment list throughout the 
planning process. The reliability of the planning results is therefore dependent on the quality 
of inventory data. 
 
The PEB planning system is used for maximization of the net present value (NPV) of the 
forest by taking into account restrictions concerning liquidity, silviculture, adjacency, man- 
and machine power consumption etc. The system uses a fixed discount rate at 3 percent.  
 
The PEB planning system consists of two separate parts. First, by taking into account non-
linear data from a stand list, growth and yield models, and information on economic factors, 
such as the stumpage price the PEB program generates a file that can be optimized by a linear 
programming algorithm. The optimization is the second part of the PEB planning system and 
is usually performed by the optimization program LINDO6 using the simplex algorithm. 
 
Usually, only the main species in each compartment is taken into account, although minor 
species can be incorporated as well. It is assumed that the main species is unchanged after 
clear felling, thus the system regenerates automatically with the same species. In addition, it is 
assumed that all thinning and weeding are done in year 1, 4, 7, and 10 of the planning period. 
Finally, to decrease the size and complexity of the model generated by the PEB program, and 
to increase user-friendliness, tax is excluded from the system. 
 
 

                                                 
6 LINDO – Linear, Interactive, Discrete Optimizer © LINDO Systems, INC.  
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6.2 Input Files 
 
PEB requires three input files; a stand list, a differential equation file and a file containing 
immaterial values. The files are described in the following paragraphs. 
 

6.2.1 The Stand List 
The stand list contains information about the current growing stock. An example of a stand 
list from a Danish forest is shown in Table 6.1. For every compartment in the forest the stand 
list contains the following information: compartment, sub-compartment, area (ha), use, age, 
height (m), diameter (cm) and standing volume (m3/ha).  
 

Table 6.1 Example of a modified stand list. 

Compartment Sub-
compartment 

Area 
(ha) Use Age 

(years) 
Height 

(m) 
Diameter 

(cm) 
Standing 

volume (m3/ha) 
324 a 1.6 EG 14 3.8 4.1 72.2 
324 e 0.6 RGR 49 23.4 33.6 364.1 
327 a 5.5 RGR 21 11.1 13.5 121.4 
329 f 0.6 RGR 21 8.5 13.0 106.7 
330 e 0.8 EG 15 2.8 6.1 16.3 
371 b 2.4 BOG 5 1.2 1.2 0.0 
371 d 1.3 BOG 4 0.7 3.2 0.0 
372 b 0.2 LAR 78 29.5 49.5 63.5 
377 g 0.6 BIR 8 7.2 8.2 117.2 
378 f 0.8 BIR 34 16.7 25.9 136.2  

 
Normally, the stand list used as input file is referred to as the modified stand list because the 
information in the stand list originates from a forest inventory but some of the data have been 
modified to fit the requirements of the PEB program. The modifications are done as follows: 
 
The total area of the compartments must be transformed into the area of actual production. 
This is done by estimating the crown cover percentage before multiplying with the total area. 
If the crown cover percentage is less than 100, the simplification mentioned above about the 
area automatically being regenerated after clear felling causes an underestimation of the 
regeneration area.  
 
The standing volume is also modified according to crown cover percentage and the mix 
percentage of the main species. Normally, minor species are excluded and in estimating the 
standing volume per hectare it is assumed that the main species area equals the productive 
area. The error caused by exclusion of the minor species depends on the abundance of minor 
species. In the case of a high abundance the minor species can be included although this 
increases the complexity of the model. Diameter, height, and age are translated directly from 
the inventory to the modified stand list.  
 

6.2.2 The Differential Equation File 
To estimate the consequences of management actions taken now and in each year of the 
planning period the PEB planning system requires growth and yield functions to extrapolate 
the stand factors and economic functions to calculate the economic potential of the forest. The 
error in estimating the future development of the stand factors is minimized by using the 
present data as point of reference and adding the expected growth instead of exclusively using 
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model data. The accuracy of the predictions depends on the accuracy of the stand list and 
increases with decreasing time horizon.  
 
The differential equations file is a text file that includes the following correlations: 
 

• height – saleable volume percentage 
• height – saleable volume increment 
• height – height increment 
• height – goal volume (desired volume after harvest) 
• height – diameter increment 
• diameter – stumpage price 
• age – expectation value 
• diameter – manpower consumption 
• diameter – machine power consumption 

 
In addition, the differential equation file contains thinning regime- and regeneration cost-
functions.  
 

6.2.3 The Immaterial File  
The immaterial file includes stand-wise information on immaterial values in the area, e.g. 
values concerning environment/biology, scenic beauty, and recreation. The following is an 
example of how to register immaterial data. The method has been used as an integrated part of 
the course Forest- and Nature Resource Planning at The Royal Veterinary and Agricultural 
University, Denmark.  
 
The registration of the values is conducted for two different scenarios (i) a regeneration 
harvest is conducted during the coming planning period and (ii) a regeneration harvest is not 
conducted during the coming planning period. Each stand is given a numeric score per hectare 
from 0-100 based on 10 characteristics each giving a score from 0 to 10. This is done both for 
the environmental/biological, the scenic beauty and the recreational factors thus 30 different 
characteristics must be evaluated for each stand.  
 
By summarizing the scores each stand obtain 3 scores as an estimate of its immaterial value 
and the distribution of the value between environment/biology, scenic beauty, and recreation. 
In this way the registration rests on an estimate of the appearance of the stand in the coming 
planning period (normally 10 years) with and without regeneration harvest.    
 

6.3 Output Files 
 
From the input files the PEB program generates a number of output files containing global 
decision variables delineated as linear functions. In addition, an output file containing the 
model formulation including an objective function (maximization of the NPV) is generated. 
The model is formulated as an LP problem with an objective function and an optimal solution 
may be obtained by the use of a simplex algorithm e.g. the one used by LINDO. Each 
decision variable is coupled with a technology parameter, which measures the use of the 
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decision variable in question or its production per unit/hectare, hence it is an area-based 
model.  
 
Using an optimization program such as LINDO on the PEB-generated output file, the NPV of 
a forest is maximized taking into account the criteria that apply to the forest estate. Different 
criteria may be incorporated into the planning process by formulation of constraints. 
Examples include, but are not limited to, economic constraints such as non-declining even-
flow of gross margins, ecological constraints concerning environmental outputs, and technical 
constraints such as a limited sawmill capacity. 
 
Any number of constraints can be added to the model in accordance with the goals and 
possibilities of the forest estate, making the model suitable for multi-criteria decision making 
(MCDM). The use of a multi-criteria method in the planning process enables the decision 
maker to evaluate the consequences of different management alternatives involving multiple, 
and sometimes conflicting, goals. Ultimately, it enables the decision maker to evaluate the 
consequences of the management plan. 
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7 Implementation of the PEB Planning System in the 
Case Study Area 

 
 
Being developed for Danish forestry the PEB planning system is not immediately applicable 
under Bolivian conditions. Whereas Danish forestry traditionally practices single species 
compartments involving clear cuts of continuous areas, forestry in Bolivia is largely based on 
single tree harvest in complex natural forests. Not only the harvest practice but also the 
growth conditions, the production potential, and the economic parameters are very different 
from what applies to Danish forestry. 
 
This chapter explains the preparation of the data from the case study area to fit the data 
structure of the input files of the PEB planning system. 
 
In this study the PEB planning system is proposed as a tool that could be used to improve 
management decisions in Bolivian concession forestry. The PEB planning system was chosen 
because it is a system the authors are familiar with from forest management planning in 
Danish forestry. Many other forest planning models could probably be applied to obtain 
somewhat similar results. It is not the purpose of this study to portray the PEB planning 
system as the only planning system that could be used in Bolivian forestry, rather it is used as 
an example of a planning system containing possibilities of improving the current planning 
procedure. 
 

7.1 Data 
 
The inventory data used in the construction of input files originates from pre-harvest 
inventories carried out in previously harvested compartments in the case study area (Figure 
7.1) and from inventory-1996 data i.e. data from 93 sample plots of 1 hectare each set up 
according to legislation to clarify the composition of the forest prior to the granting of the 
concession right in 1996. 
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Figure 7.1 Map of the concession of the case study area showing the location of the harvested
areas i.e. compartments. For every compartment information on species, diameter, log height,
and location has been gathered for every tree of commercial interest above the minimum 
harvest diameter. (Reproduced from La Chonta data). 

 
For each compartment the pre-harvest inventory data contain information on species, diameter 
(measured by circumference), log height, and location of all trees of commercial interest 
above the minimum harvest diameter (Table 7.1). In total, data exist from 33,034 trees. 
 
Table 7.1 Extract of an inventory list showing the different kinds of information gathered in the pre-harvest 
inventories. 

Compartment ID# Species Diameter 
(cm) 

Log 
height (m) Quality UTM (X) UTM (Y) 

2001_2 1 Yesquero blanco 70.0 10 1 525069 8264974 
2001_2 2 Yesquero blanco 65.3 13 1 525004 8264952 
2001_2 3 Bibosi 117.8 10 1 524980 8265029 
2001_2 4 Yesquero negro 60.5 10 1 524970 8265028 
2001_2 5 Ochoó 133.7 10 1 525006 8265026 
2001_2 6 Verdolago 50.9 6 2 524931 8264989 
2001_2 7 Ojoso 50.9 7 1 524934 8264992 
2001_2 8 Ochoó 84.4 11 1 524905 8265003 
2001_2 9 Yesquero blanco 85.9 14 1 524883 8265012 
2001_2 10 Ochoó 82.8 12 1 524931 8265018  

 
In preparing the input files, pre-harvest inventory data were obtained from 12 individual 
compartments harvested in the period from 1998 to 2003 and depicted in Figure 7.1. The 
quantitative and economic analyses which are carried out in this study are based on data from 
these compartments. In these years the company has divided the annual harvest areas in 3 
compartments except in 1999 where the annual harvest area was divided into only two 
compartments. The compartments are numbered according to the year of harvest followed by 
a number to signify the individual compartment. 
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Because of lack of data from the compartment 2002-3, the harvest in year 2002 is simulated 
by adding data from compartment 2003-1. Thus, the harvest is simulated from a five year 
period spanning from 1998 to 2002. Though, the year 1998 is represented by only one 
compartment. 
 
In addition to the information depicted in Table 7.1, the data from compartment 2002-2 
contains information on the total height of all recorded trees. 
 
The data from inventory-1996 consists of data from 93 sample plots. All trees with a diameter 
above 20 cm within the plots were recorded according to species, diameter (measured by 
circumference), log height, and total height.  
 

7.2 The Construction of Input Files 
 
As described in chapter 6 the input files of PEB consist of a stand list, a differential equation 
file, and a file containing information on immaterial values. In terms of production potential 
the stand list includes information of the current growing stock of the area and the differential 
equation file contains equations for predicting the increment of the stock in the ten year 
planning horizon. 
 
In constructing the input files of the case study area it is very important to get reasonable 
estimates of the current stock whereas a larger degree of uncertainty can be accepted when it 
comes to the prediction of the increment. This is because the volume of the increment will 
only constitute a small part of the volume that can be extracted from the forest. In any year of 
the 10 year planning horizon, by far the larger part of the potential extractable volume 
comprises the volume of the stock at the beginning of the planning period even though the 
percentage of the increment volume is larger in the tenth planning year than in the first. 
Because all harvest operations in the case study area were conducted in the first five years of 
the planning period the significance of the increment volume is accordingly small.  
 
In Danish forestry, the part of the differential equation file that models the increment of the 
growing stock is based on information from species specific yield tables depicting the 
interrelation and development of stand factors throughout the life span of the stand. Since no 
yield tables exist of the main species of the case study area an attempt was made to fill this 
gap by constructing modified yield tables of the main species using data from the case study 
area. The purpose of constructing the modified yield tables was to provide the estimates of the 
annual increment of height, diameter, volume, and the saleable volume percentage needed in 
the differential equation file. 
 
The construction of the yield tables and the preparation of the stand list and the differential 
equation file to suit the conditions in the case study area are described below. The immaterial 
file was not considered since no data exist on the immaterial values of the concession area. 
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7.3 Yield Tables 
 
An extract of the constructed yield tables is shown in Table 7.2. The extract depicts the 
interrelation and development of the stand factors age, height, diameter, basal area, and 
volume. The complete modified yield tables of yesquero negro and the other species groups of 
the case study area are shown in Appendix J. At this point it will suffice to explain the 
development of the stand factors depicted in Table 7.2. 
 
Table 7.2 The estimated yield table of yesquero negro. 

Yesquero negro 
Age Height 

(m) 
Diameter 

(cm) 
Basal 
area 
(m2) 

Trees 
per 
ha 

Log 
height 

(m) 

Log 
volume 

(m3) 

Tree 
volume 

(m3) 

Tree 
volume 
per ha 
(m3) 

Saleable 
volume 

(%) 

Saleable 
volume 
per ha 
(m3) 

16 2.25 5 0.002 3.99 2.59 0.003 0.003 0.011 40 0.005 
46 11.54 15 0.018 3.99 4.59 0.053 0.132 0.529 40 0.210 
71 15.85 25 0.049 3.99 5.99 0.191 0.506 2.019 38 0.762 
94 18.70 35 0.096 3.99 7.13 0.446 1.169 4.666 38 1.780 

117 20.82 45 0.159 3.99 8.13 0.841 2.153 8.590 39 3.355 
142 22.52 55 0.238 3.99 9.03 1.395 3.478 13.878 40 5.565 
169 23.93 65 0.332 3.99 9.85 2.125 5.162 20.599 41 8.480 
201 25.14 75 0.442 3.99 10.62 3.049 7.220 28.811 42 12.165 
240 26.20 85 0.567 3.99 11.33 4.180 9.664 38.563 43 16.679 
294 27.14 95 0.709 3.99 12.01 5.533 12.505 49.899 44 22.078 
387 27.99 105 0.866 3.99 12.65 7.121 15.753 62.858 45 28.416  

 
Information on individual tree volume and individual log volume are incorporated for the 
estimation of the saleable volume percentage. In the following paragraph the construction of 
the yield tables is explained. 
 
It must be stressed that the purpose of constructing the yield tables was to provide an estimate 
of the interrelation between stand factors in a dynamic perspective. The yield tables were used 
as a foundation on which to base the estimates of the equations in the growth modeling part of 
the differential equation file (section 7.5.1 below). Because of the limited amount of studies 
that exists of the ecology of the different species in the case study area the yield tables are 
partly based on inventory data from the case study area. This means that some dynamic 
relationships are approximated by use of static data. 
 
The yield tables are constructed to show the inter correlation of production factors at the 
middle of each 10 centimeter diameter class, that is at diameters 5, 15, 25, etc. 
 
7.3.1 Age 
Using data from permanent plots in the region of Las Trancas, Lomerío, Bolivia, Valerio 
(1997) estimated the correlation of diameter and diameter increment of a pooled group of 
Bolivian timber species and a species specific estimate was given for yesquero blanco. The 
species specific diameter-diameter increment correlation given by Valerio (1997) was used to 
estimate the diameter-age correlation of yesquero blanco and yesquero negro in the case study 
area. The two species have very similar growth patterns (appendices E and F) and therefore, 
an estimate of the diameter-age correlation of yesquero blanco would probably be a good 
quality estimate of the correlation of yesquero negro. 
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In the lack of species specific data for bibosi and ochoó, the diameter-age correlations of these 
species were estimated using the correlation, mentioned above, proposed by Valerio (1997) 
for a pooled species group. This estimate was also used to describe the correlation of diameter 
and age of the species group “rest” in the case study area. 
 
The estimates proposed by Valerio (1997) for the pooled species group (1) and yesquero 
blanco (2) are described below, 
 
(1) 67.0098.0017.0 ddd +−=∆  
(2) 67.0124.0026.0 ddd +−=∆  
 
, where d donates tree diameter and ∆d donates the annual increment of d. The equations are 
based on the Bertalanffy equation used to describe the growth of living organisms 
(Bertalanffy (1968) cf. Vanclay (1994)) 
 
Both of the equations above are based on repeated measurements of trees with a diameter ≥ 
10 cm. By application of the model, trees with a diameter < 10 cm are modeled to have a very 
low, and probably too low, annual diameter increment. To anticipate this problem the 
equations were modified in the way that the diameter increment at diameters less than 10 cm 
was fixed at the diameter increment corresponding to a diameter of 10 cm. Figure 7.2 and 
Figure 7.3 show the modified equations. 
 
                          x < 10cm:       y = 0.2884 
                          x ≥ 10 cm:      y = -0.017x + 0.098x0.67 

                           x < 10cm:       y = 0.3200 
                          x ≥ 10 cm:      y = -0.026x + 0.124x0.67 
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Figure 7.2 Graphical illustration of the estimated
relationship between diameter and diameter increment
of Bolivian trees on average (not species specific). The
diameter increment has been fixed at 0.2884 at 0cm <
diameter ≤ 10cm. See text for details. Modified from
Valerio (1997). 

 Figure 7.3 Graphical illustration of the estimated 
relationship between diameter and diameter increment 
of yesquero blanco. The diameter increment has been 
fixed at 0.3200 at 0cm < diameter ≤ 10cm. See text for 
details. Modified from Valerio (1997). 

 
Having established the estimates of the relationships between diameter and diameter 
increment, the reciprocals of the equations were calculated (Figure 7.4 and Figure 7.5). 
Estimates of the diameter-age relationship were then calculated by integrating the reciprocal 
equations. 
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                          x < 10cm:    y = 0.2884-1 
                          x ≥ 10 cm:   y = (-0.017x + 0.098x0.67)-1 

                           x < 10cm:    y = 0.3200-1 
                          x ≥ 10 cm:   y = (-0.026x + 0.124x0.67)-1 
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Figure 7.4 Graph showing the reciprocal values of the
diameter increment function depicted in Figure 7.2. 
The equation of the graph was integrated to provide
an estimate of the diameter-age relationship of the
species groups bibosi, ochoó, and “rest” (Figure 7.6).

 Figure 7.5 Graph showing the reciprocal values of 
the diameter increment function depicted in Figure
7.3. The equation of the graph was integrated to 
provide an estimate of the diameter-age relationship 
of the species groups yesquero blanco and yesquero 
negro (Figure 7.7). 

 
The estimates of the diameter-age relationships were calculated to: 
 
1) Species groups bibosi, ochoó, and “rest”: 
 

0 cm < diameter ≤ 10 cm: 
(31)  dddAge 4676.34676.3 == ∫  

diameter > 10 cm: 
     ∫ ∫ ∫++−−+−= −− 10

0

10

0

167.0167.0 )4676.3)098.0017.0(()098.0017.0( ddddddddddAge  

c  
     ∫ +−+−= − )6764.346067.82()098.0017.0( 167.0 ddddAge  

c  
(32)  9303.47ln43.119)173469.0ln(253.178 67.0 −+−−= dddAge  
 
2) Species groups yesquero blanco and yesquero negro 
 

0 cm < diameter ≤ 10 cm: 
(41)  ∫ == dddAge 125.3125.3  

diameter > 10 cm: 
    ∫ ∫ ∫++−−+−= −− 10

0

10

0

167.0167.0 )125.3)124.0026.0(()124.0026.0( ddddddddddAge  

c  
     ∫ +−+−= − )2508.313145.69()124.0026.0( 167.0 ddddAge  

c  
(42)  0637.38ln0886.78)209677.0ln(55.116 67.0 −+−−= dddAge  
 
The calculated equations were used to estimate the relationship between diameter and age in 
the yield tables (Table 7.2). The equations are depicted graphically in Figure 7.6 and Figure 
7.7. 
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                    x < 10cm:   y = 3.125x 
                    x ≥ 10cm:   y = -116.55ln(x0.67 - 0.209677x) +  
                                             78.0886ln(x) – 38.0637 

                     x < 10cm:   y = 3.467x 
                    x ≥ 10cm:   y = -178.253ln(x0.67 - 0.173569x) +  
                                             119.43ln(x) – 47.9303 ( )
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Figure 7.6 The estimated relationship of diameter and
age of the species groups bibosi, ochoó, and “rest”
depicted mathematically and graphically. 

 Figure 7.7 The estimated relationship of diameter and 
age of the species groups yesquero blanco and 
yesquero negro depicted mathematically and 
graphically. 

 
 
7.3.2 Height 
The diameter-height correlations of the different species groups were estimated using data 
from inventory-1996. Corresponding values of height and diameter have been collected for all 
trees with a diameter ≥ 20 cm. The data from the permanent plots were supplemented with 
data from compartment 2002-2 where both total height and diameter of individual trees with a 
diameter equal to, or larger than the 
minimum harvest diameter had been 
recorded. 
 
The corresponding values of these two sets 
of data were used to estimate an equation of 
the type: 
 
(5) )ln(dh ∗+= βα  
 
, where h donates total height in meters, d 
donates the diameter in centimeters, and α 
and β are constants.  
 
An estimate was calculated for each of the five species groups. The calculated estimate of 
yesquero negro is shown mathematically and graphically in Figure 7.8. The estimates of all 
the species groups are shown in Appendix K. 
 
7.3.3 Basal Area 
The basal area was calculated using the formula below. 
 
(6) 

4
)(

2dgareaBasal ⋅Π
=  

 
, where d donates the diameter in meters. 
 
 

                    y = 8.4551736529ln(x) – 11.3617933046 
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Figure 7.8 The estimated relationship between 
diameter and height of yesquero negro. 
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7.3.4 Trees per Hectare 
Because of the way the PEB model computes the increment, areas has to be assigned to the 
various species groups of the case study area. The different species groups were assigned 
areas corresponding to the basal area of the given species group as a percentage of the basal 
area of all the species groups in the specific compartments (cf. section 7.4.2 below).  
 
The trees per hectare of the yield tables were calculated as the average number of trees, per 
hectare, above the minimum harvest diameter of the particular species group, on the assigned 
areas. For example, in the case of yesquero negro the basal area of the 2,873 trees above the 
minimum harvest diameter recorded in the 9,880 hectares of the 12 harvested compartments 
constitute 7.29 % of the basal area of all trees above the minimum harvest diameter recorded 
in the 9,880 hectares. Accordingly, the area assigned to yesquero negro was, 
 
(7) haha 7200729.0880,9 =×  
 
, and the average stems per hectare in this area was calculated to be, 
 
(8) 99.3

720
2873

=  

 
7.3.5 Log Height 
The log height was determined by regression 
analysis of the interrelated measurements of 
total height and log height from inventory-
1996. These data were supplemented with 
data from compartment 2002-2 where total 
height and log height had been recorded on 
all trees above the minimum harvest 
diameter. Figure 7.9 shows the correlation of 
total height and log height of yesquero 
negro. The correlations were estimated by 
the use of exponential regression functions. 
The correlations of the other species groups 
in the case study area are presented in Appendix K. 
 
7.3.6 Log Volume and Whole Tree Volume 
The individual tree volume and the associated log volume were calculated as shown below. 
 
(9) fghvolumetreeIndividual ××=  
(10) fghvolumeIndividual ××= loglog  
 
, where h donates the total height in meters, hlog donates the log height in meters, g donates 
the basal area in square meters, and f donates the form factor. 
 
A form factor of 0.65 was used to calculate both the tree volume and the log volume. The 
form factor of 0.65 is widely applied in Bolivian forestry for determining the volume of logs 
and tree volumes (Dauber 2001). 

                                y = 2.2520286509e0.0616691903x 
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Figure 7.9 Estimated correlation between total height 
and log height of yesquero negro. 
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7.3.7 Saleable Volume 
From the individual volume estimates calculated above, the saleable volume percentage was 
estimated according to: 
 

(11) %100×=
volumeTree
volumeLogvolumeSaleable  

 
7.3.8 Volume per Hectare 
The volume per hectare was calculated as the individual tree volume times the number of 
trees per hectare. 
 
 

7.4 The Stand List 
 
Table 7.3 shows an extract of the modified stand list developed for the case study area. The 
complete stand list is shown in Appendix L. The different components of the stand list are 
explained below. 
 
Table 7.3 Extract of the modified stand list developed for the case study area. 

Compartment Sub-
compartment 

Area 
(ha) Use Age 

(years) 
Height 

(m) 
Diameter 

(cm) 
Standing 

volume (m3/ha) 
983 a 48.5 BIR 214 25.04 78.5 58.0 
983 b 165.1 EG 227 25.72 97.4 55.2 
983 c 120.4 RGR 253 26.07 108.7 56.4 
983 d 164.3 BOG 213 25.03 78.2 58.1 
983 e 301.7 LAR 169 24.66 69.6 50.9 
991 a 57.3 BIR 207 24.97 76.6 25.6 
991 b 148.5 EG 210 25.46 89.7 23.6 
991 c 101.2 RGR 270 26.26 115.8 25.6 
991 d 232.5 BOG 210 25.00 77.4 25.6 
991 e 540.4 LAR 163 24.52 66.5 22.2  

 
7.4.1 Species Groups 
The five different species groups that can be 
incorporated in the PEB model were assigned. In the 
case study area, four species (yesquero blanco, 
bibosi, ochoó and yesquero negro) generates 80% of 
the turnover (Gil López 2003). Each of the four 
species was designated to their own species group 
and the remaining species were grouped in a species 
group of their own (“rest”). The codes of the five 
species groups in the stand list are fixed to represent 
the major species groups in Danish forestry, beech 
(BOG), oak (EG), spruce (RGR), other broadleaved (BIR) and other coniferous (LAR). 
Because the species codes are fixed the species groups in the case study area had to be 
assigned one of these codes. This was done according to Table 7.4.  
 

Table 7.4 Species group and the 
associated code in the PEB model. 

Species group Code 
Yesquero blanco BOG 

Ochoó EG 
Bibosi RGR 

Yesquero negro BIR 
“Rest” LAR  
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7.4.2 Compartments 
In the case study area the annual harvest areas are divided into three sections of 800 hectares. 
In the PEB model each of these sections were defined as compartments and given a three digit 
number according to the year of harvest (first two numbers) and the section identification (last 
number). Thus, compartment “001” represents compartment 2000-1 (cf. section 7.1 above). 
 
7.4.3 Sub Compartments 
To fit the data structure of the stand list of the PEB model, sub compartments has to be 
assigned the areas in question. In the case study area this has been done by allocating the 
letters a,b,c,d, and e to each of the areas of the species groups defined above (cf. Table 7.3). 
 
7.4.4 Areas 
Because all the species in the case study area are mixed in the different compartments 
assigning areas to the species groups represents a problem. Even though the area of each 
compartment is 800 hectares, this area cannot be allocated to every species group because the 
PEB model will calculate each compartment area to 4,000 hectares (5×800 hectares). Instead, 
the different species groups were assigned an area corresponding to the basal area of the given 
species group as a percentage of the basal area of all the species groups in the specific 
compartment. As an example, the area of the species group yesquero blanco in compartment 
983 was calculated to be 164.3 hectares according to the following calculation: 
 
(12) 

diameterharvestnimummitheabovespeciesallofareaBasal
hectaresdiameterharvestnimummitheaboveblancoyesqueroofareaBasal 800× = 

  

ha
m

ham 3.164
41.2745

80072.563
2

2

=
×  

 
It must be stressed that the areas calculated in this way should be interpreted with caution. In 
the example above there does not exist an area of 164.3 hectares of solely yesquero blanco, 
but an area of 800 hectares of mixed forest of which the species of yesquero blanco accounts 
for 20.5% or 164.3 hectares seen from a basal area point of view. 
 
7.4.5 Diameter 
The average diameters of the species groups in the different compartments were estimated as 
the diameter corresponding to the mean basal area. For every species group the basal area of 
all trees above the minimum harvest diameter was calculated from the individual diameter 
measurements according to equation (6). The total basal area, G, of the different species 
groups were calculated for every compartment by summing the individual basal areas. The 
mean basal area, g, of the different species groups in every compartment was computed by 
dividing the sum of the individual basal areas by the number of trees, N, in each species 
group. 
 
The diameter corresponding to the mean basal area, Dg, was calculated using the following 
equation: 
 
(13) 

Π
∗

=
4gDg
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7.4.6 Height 
Having calculated Dg of every species group in all compartments the height corresponding to 
the mean basal area, Hg, was estimated using the diameter-height correlations described in 
section 7.3.2 above. 
 
7.4.7 Age 
The average age of the different species groups in the different compartments was estimated 
using the function describing the correlation of diameter and age developed in section 7.3.1 
above.  
 
Thus, age estimates of the species groups yesquero negro and yesquero blanco were 
calculated using equation (41) and (42) of section 7.3.1 above, whereas age estimates of the 
species groups bibosi, ochoó, and “rest” were calculated according to equation (31) and (32). 
 
An example: according to Table 7.3 above the Dg of ochoó (species code EG) in area 983 is 
97.4 cm. The corresponding average age of this diameter computes to 227 years according to 
the following calculation:  
 
(14) yearsdddAge 2279303.47ln43.119)173469.0ln(253.178 67.0 =−+−−=  
 
7.4.8 Volume 
The volume applied in the stand list is the whole tree volume in m3 per hectare. The volume 
estimate was calculated according to the equation below using a form factor of 0.65. A form 
factor of 0.65 is generally used in Bolivia for calculating tree volumes (Dauber 2001). 
 
(15) nfgHVnvV gg ×××=⇔×=  
 
, where V donates the whole tree volume per hectare, vg donates the volume corresponding to 
the mean basal area, n donates the number of trees per hectare, Hg donates the height 
corresponding to the mean basal area in meters, g donates the basal area in square meters, and 
f donates the form factor. 
 
In interpreting the volumes in the stand list it has to be remembered that the volume estimate 
applies to the estimated area allocated to the different species groups as described in the 
section 7.4.4 above. 
 

7.5 The Differential Equation File 
 
The differential equation file contains equations for modeling the increment of the timber 
stock. In addition, it includes equations for modeling the economic potential of the forest. The 
derivation of the different equations composing the differential equation file is explained 
below. 
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7.5.1 Growth Modeling 
The growth modeling part of the differential equation file consists of equations showing the 
relationship of the following parameters: 
 

• Height - annual height increment 
• Height - annual diameter increment 
• Height - annual saleable volume increment 

 
To fit the required data structure of the differential equation file the relationships between the 
parameters mentioned above must be estimated by polynomial functions to the power of five. 
Table 7.5 shows an extract of the constructed yield table of yesquero negro with added 
information on the current annual increment of height (∆H/year), diameter (∆D/year), and 
saleable volume per hectare (∆SV/year). To estimate the above mentioned correlations the 
current annual increment of height, diameter and saleable volume per hectare had to be 
established.  
 
The current annual height 
increment (∆H/year) was 
estimated by differentiation 
of a regression function 
showing height as a function 
of age. In the case of 
yesquero negro the age-
height correlation was 
estimated according to 
Figure 7.10. The calculation 
of the regression function 
was based on more than 100 
interrelated values of age and 
height. A good 
approximation was found 
using a polynomial function 
to the power of five. Differentiation of the 
regression function (Figure 7.10) yields: 
 
(16) Y = 0.00000000001145x4 - 

0.00000001932004x3 + 0.00001158468672x2 
-0.00303406529276x + 0.30978512219551 

 
This equation was used to calculate the 
values of column “∆H/year” in Table 7.5. 
 
The same procedure was adopted for 
computing the rate of the annual saleable 
volume increment, only this time a good 
approximation of a regression function was obtained by a few (11) correlated values of age 
and volume and by a polynomial regression function to the power of four. Figure 7.11 shows 

Table 7.5 Extract of estimated yield table of yesquero negro with added
information of current annual increment of height, diameter, and saleable 
volume per hectare. 

Yesquero negro 
Age 

(Years) 
Height 

(m) 
Diameter 

(cm) 
Saleable 
volume 
(m3/ha) 

∆H/ 
year 

∆D/ 
year 

∆SV/ 
year 

16 2.25 5 0.005 0.265 0.320 - 
46 11.54 15 0.210 0.194 0.371 0.013 
71 15.85 25 0.762 0.147 0.422 0.041 
94 18.70 35 1.780 0.112 0.433 0.063 

117 20.82 45 3.355 0.084 0.419 0.081 
142 22.52 55 5.565 0.062 0.387 0.096 
169 23.93 65 8.480 0.044 0.343 0.108 
201 25.14 75 12.165 0.03 0.287 0.115 
240 26.20 85 16.679 0.02 0.223 0.116 
294 27.14 95 22.078 0.014 0.151 0.101 
387 27.99 105 28.416 0.008 0.073 0.038  

              y = 0.00000000000229x5 – 0.00000000483001x4 + 
                    0.00000386156224x3 – 0.00151703264638x2 + 
                    0.30978512219551x 
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Figure 7.10 The estimated correlation of age and 
height of yesquero negro. 
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the regression function of age and saleable volume of yesquero negro. Differentiation of the 
regression function (Figure 7.11) yields: 
 
(17) Y = 0.0000000012x3 - 0.0000039045x2 + 0.0015608838x - 0.0505105602 
  
This equation was used to calculate the 
values of column “∆SV/year” in Table 7.5 
 
The rate of the annual diameter increment 
was calculated using the equation proposed 
by Valerio (1997), described in section 7.3.1 
above. Thus, in the case of yesquero negro 
the rate of the annual diameter increment 
was estimated using the equation: 
 
(18) 67.0124.0026.0 ddd +−=∆  
 
This equation was used to calculate the 
values of column “∆D/year” in Table 7.5 
 
On the basis of the calculations of the annual 
rates of increment of height, diameter, and 
saleable volume the relationship between 
height and the rates of increment was 
determined by polynomial regression 
functions to the power of five. Figure 7.12, 
Figure 7.13, and Figure 7.14 show the 
calculated correlations of yesquero negro. 
Correlations of all the species groups in the 
case study area can be found in appendices 
M, N, O, P, and Q. 
 
 
                       y = -0.0000001894x5 + 0.0000124105x4 – 
                              0.0004029657x3 + 0.0067956107x2 – 
                              0.0415241871x + 0.3832396102 

                        y = -0.0000002965x5 + 0.0000184638x4 – 
                              0.0004048153x3 + 0.0039746375x2 – 
                              0.0153942221x + 0.0243153290 
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Figure 7.13 Estimated relationship between height
and annual diameter increment of yesquero negro. 

 Figure 7.14 Estimated relationship between height 
and annual increment of saleable volume of yesquero 
negro. 

 
 
 
 

                  y = 0.0000000002x4 – 0.0000012925x3 + 
                        0.0007777265x2 – 0.0501910010x + 
                        0.7538152634 0.7538152634
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Figure 7.11 Estimated correlation of age and saleable 
volume of yesquero negro. 

                      y = 0.0000000647x5 – 0.0000042807x4 + 
                            0.0001088042x3 – 0.0015130130x2 + 
                            0.0020271716x + 0.2670861777 
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Figure 7.12 Estimated relationship between height 
and annual height increment of yesquero negro. 
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7.5.2 Saleable Volume 
In addition to the growth model equations 
delineated above, the differential equation 
file contains a function describing the 
saleable volume percentage as a function of 
the height. The calculation of the saleable 
volume was described in section 7.3.7 above.  
 
For yesquero negro the saleable volume 
percentage as a function of height is shown 
in Figure 7.15. The saleable volume 
functions of all the species groups in the case 
study area are shown in appendices M, N, O, 
P, and Q. 
 
7.5.3 Stumpage Prices 
No estimation of the stumpage prices of the different species groups in the case study area has 
previously been carried out. The calculations of the stumpage price equations used in the 
differential equation file are explained below. 
 
The stumpage price is defined as the sales price minus the assortment costs. The sales price is 
difficult to determine since it is dependent on the product to which the log is converted. In this 
context the sales price was estimated from the sales price of sawn wood FOB7 Arica, Chile 
from where the products of the company are exported to the North American market. In 2003, 
the sales price of yesquero blanco and yesquero negro was 550 US$ per cubic meter sawn 
wood and the sales price of ochoó was 375 US$ per cubic meter sawn wood (La Chonta 
2003b). The sales price of the species groups bibosi and ”rest” was estimated to be equal to 
that of ochoó, 375 US$ per cubic meter sawn wood. An overview of the sales prices is given 
in Table 7.6. 
 
The sales price per m3 of log i.e. saleable 
volume was found by multiplying the 
sales prices shown in Table 7.6 with the 
sawmill conversion ratio. Since the 
sawmill conversion ratio is 0.5 on 
average (Gil López 2003) the sales prices 
per m3 of log are half the sales prices 
shown in Table 7.6. 
 
It was not possible to obtain the exact assortment costs of the case study area. Therefore, data 
from the forest concession of Surutu was used to estimate the costs associated with harvest in 
the case study area (Table 7.7). Being 111,731 hectares, the Surutu concession was considered 
to be a good representative of the case study concession as it is of equal size and is also 
located in the Santa Cruz department (Surutu 1998). 

                                                 
7 FOB is an abbreviation of “free on board”.  

                     y = 0.0000001583x5 – 0.0000152919x4 + 
                           0.0005628966x3 – 0.0091964230x2 + 
                           0.0597792711x + 0.3061241902 
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Figure 7.15 Estimated relationship between height 
and saleable volume percentage of yesquero negro. 

Table 7.6 Sawn wood sales prices of the different 
species groups of the case study area. 

Species group Sales price 
(US$/m3 sawn wood) 

Bibosi 375 
Ochoó 375 
Yesquero blanco 550 
Yesquero negro 550 
“Rest” 375 
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The harvest operation costs of the Surutu 
concession were adjusted using the 
consumer price index to reflect the costs 
in 2003. Between 1998 and 2003, the 
consumer price index increased 13.2 
percent from 184.71 to 209.14 with 
1991=100 (Figure 7.16) (INE 2004d). 
Therefore, the harvest operation costs 
were added 13.2 percent. Both the 
original costs of 1998 and the index 
adjusted costs are depicted in Table 7.7. 
 
In addition to the cost of harvest 
operations, the costs of sawing and 
drying at the sawmill were estimated 
using data from the Surutu concession. 
The total costs of sawing and drying were 
estimated at 55.56 US$ per m3 of sawn 
wood or 27.78 US$ per m3 of log in 1998 
(Surutu 1998). The index adjusted costs 
of 2003 were estimated at 31.45 US$ per 
m3 of log.  
 
The transportation cost from the sawmill 
to the shipping harbor of Arica, Chile was 
estimated using data from the concession 
of CIMAGRO. The CIMAGRO 
concession estimates the costs of 
transportation from the concession area to 
Arica, Chile to be 120.91 US$ per m3 log (CIMAGRO 1998). Because the CIMAGRO 
concession is located in the department of Pando the transportation costs were assumed to be 
higher than the transportation costs of the case study area because the road conditions in the 
departments of Pando and Beni are worse than the road conditions in the department of Santa 
Cruz. Knowing the Bolivian infrastructure of roads the transportation costs of the case study 
area was estimated at 100 US$ per m3 sawn wood equaling 50 US$ per m3 log. This estimate 
was also adjusted by the consumer price index to 56.61 US$ per m3 log. 
 
Summing up the information above, Table 7.8 shows the sales prices, the assortment costs, 
and the stumpage prices per cubic meter of log wood of the different species groups in the 
case study area. 
 

Table 7.7 Estimated cost of harvest operations. 1998: 
Original data from the Surutu concession (Surutu 
1998). 2003: Index adjusted costs of 2003 (see text for 
details). 

Cost (US$/m3 log) Activity 1998 2003 
Construction and 
conservation of roads 8.94 10.12 

Felling 1.11 1.26 
Skidding 10.50 11.89 
Loading 2.57 2.93 
Transport to sawmill 3.46 3.92 
Supervision 1.50 1.70 
Total 28.08 31.79 
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Figure 7.16 Development of the consumer price index 
in Bolivia from 1996 to 2003. 1991 corresponds to an 
index of 100. Data from INE (2004d). 
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Table 7.8 Estimated stumpage prices, sales prices, and the estimated costs of the 
components of the assortment costs of the different species groups in the case
study area.  

Species group 
Activity Yesquero blanco 

Yesquero negro 
Bibosi, 

Ochoó, “Rest” 
Income (US$/m3 log) - - 
- Sales price  275.00 187.50 
Assortment costs (US$/m3 log) - - 
- Harvest operations 31.79 31.79 
- Sawing and drying 31.45 31.45 
- Transport to Arica, Chile 56.61 56.61 
Total costs (US$/m3 log) 119.86 119.86 
Stumpage price (US$/m3 log) 155.14 67.64  

 
In the differential equation file information on stumpage prices are presented as equations 
modeling the stumpage price of the standing timber in the forest as a function of the diameter. 
The stumpage prices estimated for the case study area are independent of the diameter and 
therefore the stumpage price functions were estimated as constants. 
 
7.5.4 Expectation Values 
Because of the shortage of ecological studies on the species in the case study area it is very 
difficult to present a reliable estimate of the expectation values of the different compartments.  
In order to establish the expectation values, information is needed not only of the 
development of the present harvestable individuals of the forest but also on the development 
of the remaining stand after the initial felling and the regeneration success of the different 
species. Add to this the stability and associated unpredictability of economic factors such as 
prices of goods and services and the cost of capital and estimation of expectation values 
becomes even more difficult. 
 
Nevertheless, estimates of expectation values are proposed in this study to highlight the fact 
that although they maybe associated with a large degree of uncertainty, estimates of 
expectation values are needed because they represent a way to value the remains of the forest 
after harvest operations. If an estimate of the expectation value were not given, only the 
readily harvestable timber stock would be valued and the compartments would be considered 
worthless, in economic sense, after logging had been conducted.  
 
The estimated expectation values before and after harvest of the species groups of the case 
study area are shown in Table 7.9. The calculation of the expectation value is explained below 
using yesquero negro as an example. 
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Table 7.9 Overview of the estimated expectation values of the commercial species in the case study area and key 
components used in calculation of the estimates. 

 Bibosi Ochoó Yesquero 
blanco 

Yesquero 
negro “Rest” Total 

Assortment distribution (%) 10 30 30 10 20 100 
Sawmill capacity (m3/year) 1,760 5,280 5,280 1,760 3,520 17,600 
Area (ha) 1,212 2,829 2,394 720 2,725 9,880 
Area percentage (%) (according 
to basal area) 12 29 24 7 28 100 

Area harvested per year (ha) 294 687 581 175 662 2,400 
Harvested volume (m3/ha) 5.977 7.684 9.080 10.058 5.318 - 
Stumpage price (US$/m3) 67.64 67.64 155.14 155.14 67.64 - 
NPV of harvest if conducted in 
the first planning year (US$/ha) 404 520 1,409 1,560 360 - 

NPV of all succeeding harvests 
(US$/ha) 283 364 987 1,093 252 - 

 
 
The expectation values of the different species groups were calculated presupposing that a 
goal of a non-declining even-flow of timber in the area could be fulfilled. In addition, it was 
assumed that the sawmill capacity remains unaltered at 17,600 m3 per year and that the 
assortment distribution now and in the future will be as defined in Table 7.9.  
 
Given the cited assumptions the annual harvested volume of yesquero negro would be 1,760 
m3. Since yesquero negro accounts for 7 percent of the area, based on calculations of the basal 
area fraction (section 7.4.4 above), the annual harvested area of yesquero negro would 
constitute 175 hectares (0.07 × 2,400 hectares) resulting in a harvest intensity of 10.058 m3 
per hectare. 
 
Taking the stumpage price of yesquero negro into account (155.14 US$/m3), the NPV of one 
years harvest of yesquero negro computes to 1,560 US$/ha (10.058 m3 × 155.14 US$/m3). 
 
Keeping in mind the company policy of thirty year cutting cycles, the net present value of all 
future harvests of yesquero negro in a particular area was calculated as thirty year annuities 
with an installment of 1,560 US$ per hectare using a discount rate of 3 percent: 
 
(19) ha

UDha
US

harvestsFutureNPV $
30

$
093,1

103.1
560,1

=
−

=  

 
Usually, the expectation value of a forest stand is defined as the NPV of the current stand plus 
the NPV of all future stands. The PEB model calculates the expectation values in the tenth 
planning year as part of the overall calculation of the overall NPV of the forest. Because all 
stands (sub compartments) in the case study area were modeled to be harvested within the 
first five planning years the average age of the stands would be modeled to be between five 
and ten years at the end of the ten year planning period. Thus, it would be between twenty to 
twenty-five years before harvest operations would be conducted in the same areas, keeping in 
mind the company policy of thirty year rotations. 
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7.6 The PEB Output File 
 
Having constructed the input files i.e. the stand list and the differential equation file, the PEB 
program was run and an output file created. The output file of the PEB program is formulated 
as an LP problem, and an optimal solution may be obtained by the use of a simplex algorithm 
e.g. the optimization program LINDO. The formulation of the PEB output file is based on 
local (compartment) decision variables containing information of the compartment in 
question. The local decision variables of the LP problem of the PEB output file are based on 
8-digit codes and contain five components: 
 

1) A species code (two characters) 
2) A compartment code (three digits) 
3) A sub-compartment code (one character) 
4) A treatment code (one digit) 
5) A planning year code (one digit) 

 
The species codes must be interpreted according to Table 
7.10. Compartment codes and sub-compartment codes 
follow the format described in section 7.4.2 and 7.4.3 
above. The treatment code relevant in this context is code 
“1” which signifies clear-felling of all trees above the 
minimum harvest diameter. The treatment codes “2” 
(thinning), “4” and “5” (variants of natural regeneration 
management) relevant for Danish forestry have been 
disabled in this study. The planning year code signifies 
the year in which the treatment (code) is conducted. 
 
Thus, the local decision variable “be983d11” is interpreted as clear-felling of yesquero blanco 
above the minimum harvest diameter in compartment 983 in year 1. 
 
Additional constraints can be added to the LP problem presented in the output file of the PEB 
program in accordance with the goals and the possibilities of the company. In this study the 
model was based on historical data and, therefore, formulated to follow the factual harvest 
succession in the case study area. An extract of the output file of the PEB program including 
additional constraints is presented in Appendix R. Some examples of the added constraints are 
given below. 
 
Since the data originated from the years 1998-2003, areas originally harvested in 1998 were 
modeled to be harvested in year 1 of the planning period, areas harvested in 1999 were 
modeled to be harvested in year 2 of the planning period, etc. Thus, harvest is modeled for a 
five year period. Because the PEB program is based on a ten year planning horizon, modeling 
of harvest in years 6-10 was disabled by the following constraints which state that the total 
clear-fell (i.e. harvest) area and the total clear-fell (i.e. harvest) volume must be 0 hectares and 
0 m3 respectively: 
 
! Clear-felling not allowed in years 6-10 
res3) cfvol6 + cfvol7 + cfvol8 + cfvol9 + cfvol0 = 0  
res333) cfarea6 + cfarea7 + cfarea8 + cfarea9 + cfarea0 = 0 
 

Table 7.10 The species code and the 
corresponding species group of the 
local decision variables of the PEB 
output file. 

Species 
code 

Species 
group 

be Yesquero blanco 
bi Yesquero negro 
la “Rest” 
oa Ochoó 
sp Bibosi 
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An example is given below of a set of constraints that ensures that any harvest of the area 983 
(800 hectares) is conducted in year 1 of the planning period: 
 
! Any harvest in area 983 must be conducted in year 1 
res5)  bi983a11 + be983d11 + oa983b11 + sp983c11 + la983e11 < 800 
res51) bi983a12 + be983d12 + oa983b12 + sp983c12 + la983e12 = 0 
res52) bi983a13 + be983d13 + oa983b13 + sp983c13 + la983e13 = 0 
res53) bi983a14 + be983d14 + oa983b14 + sp983c14 + la983e14 = 0 
res54) bi983a15 + be983d15 + oa983b15 + sp983c15 + la983e15 = 0 

 
In addition to the added constraints, a number of global decision variables were defined to 
ease the interpretation of the model when run through an optimization program such as 
LINDO. The potential annual clear-fell (i.e. harvest) volumes per species group were defined 
as follows (example of yesquero blanco in year 1): 
 
! Definition of potential annual harvest volumes per species group 
cfvolbe1) 25be983d11 + 11be991d11 + 13be992d11 + 8be1d11 + 10be2d11 + 8be3d11 + 8be11d11 + 
13be12d11 + 19be13d11 + 20be21d11 + 15be22d11 + 19be31d11 - cfvolbe1 = 0 

 
The coefficients are m3 of saleable volume per hectare computed by the PEB program on the 
basis of the information in the stand list and in the differential equation file. The potential 
annual clear-fell (i.e. harvest) volumes per species group when leaving 20% of the harvestable 
volume in the forest as seed trees were defined as exemplified below: 
 
! Definition of potential annual harvest volumes per species group when leaving 20% of the 
volume in the forest as seed trees 
seedvbe1) 0.8cfvolbe1 - seedvbe1 = 0 
 
Furthermore, the accumulated clear-fell (i.e. harvest) volumes per species group when leaving 
20% of the harvestable volume in the forest as seed trees were defined: 
 
! Definition of accumulated clear fell volumes per species group when leaving 20% of the 
volume in the forest as seed trees 
seedvbe) seedvbe1 + seedvbe2 + seedvbe3 + seedvbe4 + seedvbe5 - seedvbe = 0 

 
The total annual clear-fell (i.e. harvest) volume when leaving 20% of the harvestable volume 
in the forest was also defined: 
 
! Definition of total annual clear fell volume when leaving 20% of the volume in the forest as 
seed trees 
seedv1) seedvbi1 + seedvbe1 + seedvoa1 + seedvla1 + seedvsp1 - seedv1 = 0 

 
Gross margins distributed to species group and year of harvest were defined as exemplified by 
yesquero blanco, year 1: 
 
! Gross margins distributed to species group and year of harvest 
gmbe1)   3905be983d11 + 1726be991d11 + 1940be992d11 + 1183be1d11 + 1476be2d11 + 1312be3d11 + 
1296be11d11 + 1983be12d11 + 2902be13d11 + 3147be21d11 + 2324be22d11 + 2894be31d11 - gmbe1 =0 

 
The coefficients are US$ per hectare and computed by the PEB program using the stand list 
and differential equation file. In addition, gross margins distributed to species group and year 
of harvest when leaving 20% of the harvestable volume in the forest were defined: 
 
! Gross margins distributed to species and year of harvest when leaving 20% of the volume in 
the forest as seed trees 
segmbe1) 0.8gmbe1 - segmbe1 = 0 
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An optimal solution to the LP problem of the output file of the PEB program containing the 
added constraints and definitions was obtained using the LINDO program. The results are 
described in the following chapter. 
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8 Quantitative and Economic Analyses 
 
 
According to the current harvest practice in the case study area, pre-harvest inventory data are 
collected one year before entering a given area. Thus, forest management planning is carried 
out with a time horizon of one year. In this study, five years harvest activities are simulated 
based on historical pre-harvest inventory data. 
 
Installment of permanent plots, increased intensity of pre-harvest inventories, and remote 
sensing techniques, such as image analysis of satellite images and aerial photos, could 
increase the level of information and the amount of inventory data in the future. Thus, data for 
several future annual harvest areas may become available. The following analyses are based 
on this perspective where the historical data of five pre-harvest inventories were treated as if 
they were to be used in forest management planning. In this way it is possible to make 
quantitative and economic analyses with a time span of five years and to analyze the potential 
advantages of forest management planning beyond a time horizon of one year. The analyses 
are carried out with emphasis on harvest scheduling. 
 
In order to analyze further the possibilities of forest management planning with a time horizon 
of more than one year, and to reveal effects of changing parameters in the model, scenarios 
are proposed and sensitivity analyses are performed.  
 
According to MDSP (1998), section 3.8.4, a maximum of 80% of the potential harvestable 
volume is allowed to be utilized. Therefore, all results presented in this chapter were derived 
using a model where 20% of the harvestable volume was left in the forest as seed trees. 
 
It should be noted that values concerning year 1 were estimated using data from only a third 
of an annual harvest area. To remind the reader of this modification, results concerning year 1 
are represented by hatched columns and numbers written in italic in the following figures and 
tables. All results were derived with the objective of maximizing the NPV.  
 

8.1 Basic Model Solutions 
 
Initially, an estimate of the total production potential of the forest was provided by solving a 
so-called free model i.e. a model without constraints. Hereafter, a constrained model was 
formulated by adding constraints that reflect the real situation in the case study area. The 
constrained model solution was found and compared to the free model solution to find the 
stock volume left for future utilization.  
 
8.1.1 The Free Model Solution 
The free model contains no constraints on annual allowable cut and, therefore, the solution 
represents an estimate of the maximum harvestable volume as well as the maximum economic 
potential of the forest. However, the model is not entirely free since the year of harvest for 
each compartment is constrained in order to force the model to follow the factual harvest 
succession. The free model solution is shown in details in Appendix S.  
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The main results of the free model solution are presented in Table 8.1. In the free model 
solution the total harvested area equals the total area in the model i.e. all potential trees have 
been harvested. Hence, the total amount of saleable volume of the free model solution 
represents the stock of saleable volume in the forest. 
 

Table 8.1 Main results from the free model solution. 
Variable Code in the LINDO output file Value 

NPV (US$) NPVSEED 12,557,031 
Total harvested area (ha) TCFAREA 9,880 
Total saleable volume (m3) TOTSEV 97,517 
Total gross margin (US$) TOTSEGM 9,636,528  

 
By comparing the free model solution with solutions of constrained models the difference 
represents the “cost” of the choices/goals formulated as constraints.  
 
Saleable volumes and gross margins by year of harvest are presented graphically in Figure 8.1 
and Figure 8.2 below.  
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Figure 8.1 Saleable volume per year (free model
solution). 
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Figure 8.2 Gross margin per year (free model 
solution). 

 
 
The free model solution shows an imbalanced distribution of the potential harvest during the 
five year period. The differences in saleable volume and gross margins could be explained by 
a patchy distribution of the trees and/or a lack of consistency in the inventories conducted 
from year to year. A redistribution of the compartments composing the annual harvest areas 
could even out the large differences in saleable volume and gross margin distribution from 
year to year.  
 
The free model solution is specified in terms of annual potential harvest distributed to species 
group and year of harvest in Table 8.2 below. 
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Table 8.2 Saleable volumes and gross margins of the free model solution distributed to species group and 
year of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 970 944 1,277 2,023 2,909 8,123 Yesquero negro Gross margin (US$) 149,186 147,526 191,758 312,926 450,684 1,252,081 
Saleable volume (m3) 2,906 4,539 4,912 5,738 9,630 27,725 Ochoó Gross margin (US$) 194,554 318,605 329,094 382,942 650,897 1,876,092 
Saleable volume (m3) 1,830 1,031 997 4,745 2,714 11,317 Bibosi Gross margin (US$) 124,060 68,100 68,054 320,711 185,033 765,959 
Saleable volume (m3) 3,286 2,873 6,112 5,331 9,043 26,645 Yesquero blanco Gross margin (US$) 513,273 448,849 922,891 823,410 1,407,231 4,115,655 
Saleable volume (m3) 4,344 5,205 2,366 5,004 6,787 23,707 ”Rest” Gross margin (US$) 300,493 366,831 161,923 333,373 464,121 1,626,742 
Saleable volume (m3) 13,336 14,592 15,665 22,841 31,083 97,517 Total Gross margin (US$) 1,281,566 1,349,912 1,673,720 2,173,362 3,157,967 9,636,528  

 
The saleable volume increases by 113% from year 2 to year 5 while the gross margin 
increases by 134% in the same period. If the result from year 1 was tripled, this year would 
have the highest saleable volume and the highest gross margin; approximately 40,000 m3 and 
3.8 million US$, respectively.  
 
For all years it is evident that yesquero blanco is the largest contributor to the gross margin 
(43% of the total gross margin) while ochoó contribute with the largest part of saleable 
volume (28% of the total saleable volume). Even though yesquero negro only represents 8% 
of the total saleable volume, it represents 13% of the total gross margin due to its high sales 
price of 550 US$/m3 sawn wood compared to 375 US$/m3 sawn wood for ochoó, bibosi, and 
“rest”. Yesquero blanco also has a high sales price of 550 US$/m3 sawn wood.   
 
The data in Table 8.2 are converted to per hectare values in Table 8.3 making year to year 
comparisons of the free model solution possible.  
 

Table 8.3 Saleable volumes and gross margins per hectare from the free model solution distributed 
to species group and year of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha)

Saleable volume (m3/ha) 1.21 0.50 0.53 0.84 1.21 Yesquero negro Gross margin (US$/ha) 186 78 80 130 188 
Saleable volume (m3/ha) 3.63 2.41 2.05 2.39 4.01 Ochoó Gross margin (US$/ha) 243 169 137 160 271 
Saleable volume (m3/ha) 2.29 0.55 0.42 1.98 1.13 Bibosi Gross margin (US$/ha) 155 36 28 134 77 
Saleable volume (m3/ha) 4.11 1.53 2.55 2.22 3.77 Yesquero blanco Gross margin (US$/ha) 642 239 385 343 586 
Saleable volume (m3/ha) 5.43 2.77 0.99 2.09 2.83 ”Rest” Gross margin (US$/ha) 376 195 67 139 193 
Saleable volume (m3/ha) 16.67 7.76 6.53 9.52 12.95 Total 
Gross margin (US$/ha) 1,602 718 697 906 1,316  

 
Once again the solution indicates a patchy distribution of trees and/or inconsistent inventories, 
e.g. the amount of saleable volume per hectare in year 5 is 98% higher than in year 3 (year 1 
is 155% higher). 
 
From Table 8.2 and Table 8.3 it is seen that an objective of a non-declining even-flow of 
saleable volume, and from this an even-flow of gross margins, would be constrained by the 
least valuable year. A redistribution of the compartments composing the annual harvest areas 
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could equalize the potential annual harvestable volume and gross margins from one year to 
the next in the five year period. 
 
8.1.2 The Constrained Model Solution 
In order to reflect the real situation in the case study area constraints were added to the model. 
The constrained model differs from the free model by the following constraints: 
 

1) The sawmill capacity was set at 17,600 m3 per year according to the capacity of 
the sawmill in the case study area in 2003 (La Chonta 2003a). 

 
2) The harvest was modeled according to an assortment distribution of 10% yesquero 

negro, 10% bibosi, 20% “rest”, 30% ochoó, and 30% yesquero blanco which 
reflects the approximate assortment distribution of the company in 2003 (Gil 
López 2003). From the free model solution (Table 8.2) it was found that only year 
4 and year 5 had the production potential to fulfill the sawmill capacity. Since it is 
expected that the company has a higher priority in fulfilling the sawmill capacity 
than the assortment distribution the constraints concerning assortment distribution 
were only added for year 4 and year 5. 

  
The sawmill capacity constraint was formulated in the PEB output file by the following 
constraints which signifies that the annual harvest volumes, when leaving 20% of the 
harvestable volume in the forest as seed trees, may not be larger than 17,600 m3 of saleable 
volume: 
 
! Annual cut restrictions (sawmill restrictions) 
cutres1) seedv1 < 17600 
cutres2) seedv2 < 17600 
cutres3) seedv3 < 17600 
cutres4) seedv4 < 17600 
cutres5) seedv5 < 17600 
 
The assortment distribution constraints were formulated as exemplified in the following 
constraint which specifies that a maximum of 5,280 m3 of saleable volume (30% of 17,600 
m3) of yesquero blanco may be harvested in year 4:  
 
! Annual assortment restrictions incl. 20% seed tree volume 
seedrbe4) seedvbe4 < 5280 
 
Table 8.4 presents the main results of the constrained model solution which is shown in 
details in Appendix T. 
 

Table 8.4 Main results from the constrained model solution. 
Variable Code in the LINDO output file Value 

NPV (US$) NPVSEED 11,083,624 
Total harvested area (ha) TCFAREA 8,253 
Total saleable volume (m3) TOTSEV 78,793 
Total gross margin (US$) TOTSEGM 7,936,324  

 
The effect of adding the constraints to the model is a decrease in the harvest intensity in year 
4 and year 5 where the potential harvest exceeds the sawmill capacity. 
 
Figure 8.3 and Figure 8.4 reveal that the flows of saleable volumes and gross margins have 
been smoothed by adding the constraints.  
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Figure 8.3 Saleable volume per year (constrained
model solution). 
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Figure 8.4 Gross margin per year (constrained 
model solution). 

 
Presumably, year 1, like year 4 and year 5, would fulfill the sawmill capacity if data for all the 
compartments composing the year 1 harvest area had been available. Thus, only in year 2 and 
year 3 the company is unable to satisfy the sawmill capacity. 
 
In Table 8.5 the results of the constrained model solution are distributed to species group and 
year of harvest. Apart from year 1 for which the values presumably are higher, year 2 is the 
least valuable year while year 5 is the most valuable year. In addition, it is seen that year 4 
and year 5 fulfill the sawmill capacity and the assortment distribution for all species groups. 
 

Table 8.5 Saleable volumes and gross margins from the constrained model solution distributed to species
group and year of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 970 944 1,277 1,760 1,760 6,711 Yesquero negro Gross margin (US$) 149,186 147,526 191,758 273,985 274,938 1,037,394 
Saleable volume (m3) 2,906 4,539 4,912 5,280 5,280 22,917 Ochoó Gross margin (US$) 194,554 318,605 329,094 352,485 360,839 1,555,576 
Saleable volume (m3) 1,830 1,031 997 1,760 1,760 7,308 Bibosi Gross margin (US$) 124,060 68,100 68,054 121,557 120,345 497,366 
Saleable volume (m3) 3,286 2,873 6,112 5,280 5,280 21,999 Yesquero blanco Gross margin (US$) 513,273 448,849 922,891 815,700 831,010 3,407,084 
Saleable volume (m3) 4,344 5,205 2,366 3,520 3,520 16,446 ”Rest” Gross margin (US$) 300,493 366,831 161,923 235,270 244,997 1,133,886 
Saleable volume (m3) 12,442 12,907 14,832 17,600 17,600 75,381 Total Gross margin (US$) 1,219,789 1,231,311 1,549,081 1,798,997 1,832,128 7,631,306  

 
It appears that although the amount of saleable volume per species group in year 4 equals the 
amount in year 5 the gross margins differ. These inaccuracies are due to rounding off errors. 
When the model computes the saleable volume of a given area, the per hectare value of the 
saleable volume is rounded of to the nearest integer. The significance of the rounding off is 
irrelevant in Danish forestry because of the large volumes of saleable wood per hectare. 
However, because of the low amounts of saleable volume per hectare in natural tropical 
forests the rounding off causes relatively significant errors when applied in the case study 
area. 
 
When the model computes the corresponding gross margin estimates it uses per hectare values 
of the saleable volume that are not rounded of. This causes the inaccuracies in the table above. 
 
The solution of the constrained model is given in per hectare values in Table 8.6 
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Table 8.6 Saleable volumes and gross margins per hectare from the constrained model solution
distributed to species group and year of harvest. 

Species group 
 

Year 1 
(800 ha)

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) 

Saleable volume (m3/ha) 1.21 0.50 0.53 0.73 0.73 Yesquero negro Gross margin (US$/ha) 186 78 80 114 115 
Saleable volume (m3/ha) 3.63 2.41 2.05 2.20 2.20 Ochoó Gross margin (US$/ha) 243 169 137 147 150 
Saleable volume (m3/ha) 2.29 0.55 0.42 0.73 0.73 Bibosi Gross margin (US$/ha) 155 36 28 51 50 
Saleable volume (m3/ha) 4.11 1.53 2.55 2.20 2.20 Yesquero blanco Gross margin (US$/ha) 642 239 385 340 346 
Saleable volume (m3/ha) 5.43 2.77 0.99 1.47 1.47 ”Rest” Gross margin (US$/ha) 376 195 67 98 102 
Saleable volume (m3/ha) 15.55 6.87 6.18 7.33 7.33 Total Gross margin (US$/ha) 1,525 655 645 750 763  

 
The stock of volume for year 1 stands out by being approximately twice as valuable per 
hectare as the second most valuable year. Furthermore, it is seen that the least valuable year in 
terms of per hectare values is year 3. Again, the rounding off errors are evident in year 4 and 
5, where identical harvest intensities yield slightly different gross margins.  
 
8.1.3 Comparison of the Free Model and the Constrained Model 

Solutions 
The solutions of the free and the constrained model were compared to find the stock volume 
left over for future utilization (Table 8.7).  
 

Table 8.7 Comparison of the main results of the free model solution and the constrained model solution. 

Variable Code in the LINDO 
output file 

Free model 
solution 

Constrained 
model solution 

Change of values 
due to constraints 

NPV (US$) NPVSEED 12,557,031 11,083,624 -1,473,407 (-12%) 
Total harvested area (ha) TCFAREA 9,880 8,253 -1627 (-16%) 
Total saleable volume (m3) TOTSEV 97,517 78,793 -18,724 (-19%) 
Total gross margin (US$) TOTSEGM 9,636,528 7,936,324 -1,700,204 (-18%)  
 
In Table 8.8 the differences in gross margins and saleable volumes between the free model 
solution and the constrained model solution are presented, distributed to species group and 
year of harvest.  
 

Table 8.8 Differences in saleable volumes and gross margins between the free model solution and the
constrained model solution. The results are distributed to species group and year of harvest. 

Species group 
 

Year 1 
(800 ha)

Year 2 
(1,880 ha)

Year 3 
(2,400 ha)

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 0 0 0 263 1,149 1,412 Yesquero negro Gross margin (US$) 0 0 0 38,941 175,747 214,687 
Saleable volume (m3) 0 0 0 458 4,350 4,808 Ochoó Gross margin (US$) 0 0 0 30,457 290,058 320,515 
Saleable volume (m3) 0 0 0 2,985 954 3,939 Bibosi Gross margin (US$) 0 0 0 199,154 64,688 263,843 
Saleable volume (m3) 0 0 0 51 3,763 3,814 Yesquero blanco Gross margin (US$) 0 0 0 7,710 576,221 583,932 
Saleable volume (m3) 0 0 0 1,484 3,267 4,751 ”Rest” Gross margin (US$) 0 0 0 98,103 219,125 317,228 
Saleable volume (m3) 0 0 0 5,241 13,483 18,724 Total Gross margin (US$) 0 0 0 374,365 1,325,840 1,700,205 
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From Table 8.8 it is seen that if it had been possible to utilize the total standing stock of 
saleable volume for each annual harvest area the total gross margin would be approximately 
1.7 million US$ (21%) higher than the total gross margin of the constrained model solution. 
 
For the years 1, 2, and 3 the difference is zero since these years do not fulfill the sawmill 
capacity and assortment distribution constraints have not been added for these years. 
 
The difference in year 5 stands out by having a surplus of 13,483 m3 of saleable volume that 
are left standing in the forest for future utilization.      
 
A per hectare approach of the differences in gross margins and saleable volumes between the 
free model solution and the constrained model solution is presented in Table 8.9 
 

Table 8.9 Differences in saleable volumes and gross margins per hectare between the free model
solution and the constrained model solution. The results are distributed to species group and year
of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha)

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha)

Saleable volume (m3/ha) 0 0 0 0.11 0.48 Yesquero negro Gross margin (US$/ha) 0 0 0 16.23 73.23 
Saleable volume (m3/ha) 0 0 0 0.19 1.81 Ochoó Gross margin (US$/ha) 0 0 0 12.69 120.86 
Saleable volume (m3/ha) 0 0 0 1.24 0.40 Bibosi Gross margin (US$/ha) 0 0 0 82.98 26.95 
Saleable volume (m3/ha) 0 0 0 0.02 1.57 Yesquero blanco Gross margin (US$/ha) 0 0 0 3.21 240.09 
Saleable volume (m3/ha) 0 0 0 0.62 1.36 ”Rest” Gross margin (US$/ha) 0 0 0 40.88 91.30 
Saleable volume (m3/ha) 0 0 0 2.18 5.62 Total Gross margin (US$/ha) 0 0 0 155.99 552.43  

 
Even though differences are only seen for year 4 and year 5 once again an imbalanced 
distribution of the potential harvest is indicated. 
 
An evaluation of whether the size of the annual harvest areas is reasonable is carried out 
below. First the amount of saleable volume per hectare is calculated (20) and then the 
required area to fulfill the capacity of the sawmill is estimated (21). 
 

(20) ham
ha
mhectarepervolumeSaleable /87.9

880,9
517,97 3

3

==  

 

(21) yearha
ham
yearmareaharvestAnnual /783,1

/87.9
/600,17

3

3

==  

 
Thus, the annual harvest areas could, hypothetically, be decreased by approximately 600 
hectares per year when compared to the size of the current harvest areas (2,400 hectares). 
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8.2 Scenarios 
 
Concerning scenarios two parameters are found interesting for further investigations. The first 
scenario involves changing the form factor of yesquero blanco and yesquero negro. The 
second scenario deals with an increased sawmill capacity in accordance with the capacity 
stated by La Chonta (1998) as suitable for the company. 
 
8.2.1 Changing the Form Factor 
As mentioned in section 7.3.6 above, a form factor of 0.65 is widely used in Bolivia for 
calculating the log volume. Accordingly, a form factor of 0.65 is used for all species in the 
case study area (La Chonta 1998).  
 
However, an investigation of form factors for calculating the log volume of the species 
yesquero blanco and yesquero negro has been conducted in the case study area (Dauber 
2001). The study estimated the form factor to be 0.52. Presumably, the form factor for other 
species would differ from 0.65 as well if similar investigations were conducted but the extent 
of change is uncertain. 
 
The constrained model is used as a point of reference for this scenario. The scenario is made 
by changing the form factor, used in the yield tables for calculating the log volumes of 
yesquero blanco and yesquero negro, from 0.65 to 0.52 Consequently, the polynomial 
functions “height – saleable volume percentage” and “height – saleable volume increment” 
are changed (cf. Appendix U) i.e. the differential equation file of the PEB-model is altered. A 
new solution is found by optimizing the new model formulation (LINDO text file) generated 
by the PEB-program using the altered differential equation file. 
  
When solving this scenario, it was found that the sawmill capacity could not be fulfilled in 
any of the years due to the assortment distribution constraints. As mentioned above (cf. 
section 8.1.2) the company presumably strives for processing as much wood as possible 
within the limit of the sawmill capacity. Therefore, the result presented below is derived 
without adding assortment distribution constraints for any year i.e. this scenario equals a free 
model scenario with reduced form factors for yesquero blanco and yesquero negro. Table 8.10 
compares the main results of the scenario with changed form factors and the main results of 
the constrained model. 
 
The solution of the scenario with changed form factors is shown in Appendix V. 
 
Table 8.10 Main results of the constrained model solution if the form factor for yesquero blanco and yesquero
negro is changed from 0.65 to 0.52. The results are compared with the constrained model solution (Table 8.4)
and the percentage change calculated. 

Variable Code in the 
LINDO output file 

Constrained 
model solution 

Changed  
form factor 

Percentage 
change 

NPV (US$) NPVSEED 11,083,624 10,732,085 -3 
Total harvested area (ha) TCFAREA 8,253 8,485 +3 
Total saleable volume (m3) TOTSEV 78,793 75,583 -4 
Total gross margin (US$) TOTSEGM 7,936,324 7,574,475 -5  

 
The comparison in Table 8.10 reveals that by reducing the form factor for yesquero blanco 
and yesquero negro from 0.65 to 0.52 the NPV is reduced by approximately 352,000 US$ 
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(3%), the total saleable volume is reduced by approximately 3,200 m3 (4%), and the total 
gross margin is reduced by approximately 362,000 US$ (5%). 
 
Table 8.11 shows the saleable volumes and gross margins of the scenario distributed to 
species group and year of harvest. 
  

Table 8.11 Saleable volumes and gross margins of the constrained model solution if the form factor for 
yesquero blanco and yesquero negro is changed from 0.65 to 0.52. The results are distributed to species
group and year of harvest. 
Species group  

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 776 779 1,000 1,615 2,316 6,486Yesquero negro Gross margin (US$) 119,349 117,981 153,270 250,193 360,293 1,001,085
Saleable volume (m3) 2,906 4,539 4,912 5,738 3,492 21,588Ochoó Gross margin (US$) 194,554 318,605 329,094 382,942 239,543 1,464,737
Saleable volume (m3) 1,830 1,031 997 4,079 83 8,020Bibosi Gross margin (US$) 124,060 68,100 68,054 276,597 5,677 542,489
Saleable volume (m3) 2,629 2,310 4,758 4,243 7,241 21,181Yesquero blanco Gross margin (US$) 411,144 359,567 739,188 659,593 1,127,287 3,296,779
Saleable volume (m3) 4,344 5,205 2,366 1,925 4,468 18,309”Rest” Gross margin (US$) 300,493 366,831 161,923 129,819 310,319 1,269,385
Saleable volume (m3) 12,485 13,864 14,033 17,600 17,600 75,583Total Gross margin (US$) 1,149,600 1,231,084 1,451,528 1,699,143 2,043,119 7,574,475 

 
The results indicate that it is important to determine the form factor correctly, since the gross 
margin and to a lesser extent the amount of saleable volume are relatively sensitive to changes 
of form factors. 
 
8.2.2 Increased Sawmill Capacity 
In the general forest management plan of the concession area (La Chonta 1998) it is stated 
that an annual extraction of 30,000 m3 would fit the goals of the company. Knowing that the 
company do not sell logs as round wood (Gil López 2003) this would imply an increase of the 
sawmill capacity to 30,000 m3 per year.   
 
This scenario is based on the constrained model which reflects the conditions found in the 
case study area. Similar to the previous scenario it was found that the sawmill capacity could 
not be fulfilled for any of the years composing the five year period due to the assortment 
distribution constraints. Therefore, the result presented below is derived without adding 
assortment distribution constraints for any year, i.e. this scenario equals a free model scenario 
with a sawmill capacity constraint of 30,000 m3 per year. 
 
The solution of the increased sawmill capacity scenario is shown in details in Appendix W. 
 
The main results of the increased sawmill capacity scenario and a comparison with the 
constrained model solution are presented in Table 8.12 below.  
 
Table 8.12 Main results of the constrained model solution if the sawmill capacity increases to 30,000 m3 per 
year. The results are compared with the constrained model solution (Table 8.4) and the percentage change 
calculated. 

Variable Code in the 
LINDO output file 

Constrained 
model solution 

Sawmill capacity 
of 30,000 m3 

Percentage 
change 

NPV (US$) NPVSEED 11,083,624 12,495,327 +13 
Total harvested area (ha) TCFAREA 8,253 9,809 +19 
Total saleable volume (m3) TOTSEV 78,793 96,434 +22 
Total gross margin (US$) TOTSEGM 7,936,324 9,564,778 +21  
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The comparison in Table 8.12 reveals that by increasing the sawmill capacity to 30,000 m3 
per year the NPV increases by 1.41 million US$ (13%), the total amount of saleable volume 
increases by approximately 17,600 m3 (22%), and the total gross margin increases by 1.63 
million US$ (21%).  
 
Table 8.13 shows the results per year and species group. 
 

Table 8.13 Saleable volumes and gross margins of the constrained model solution if the sawmill capacity
increases to 30,000 m3 per year. The results are distributed to species group and year of harvest. 

Species group  Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 970 944 1,277 2,023 2,909 8,123 Yesquero negro Gross margin (US$) 149,186 147,526 191,758 312,926 450,684 1,252,081 
Saleable volume (m3) 2,906 4,539 4,912 5,738 8,547 26,642 Ochoó Gross margin (US$) 194,554 318,605 329,094 382,942 579,148 1,804,342 
Saleable volume (m3) 1,830 1,031 997 4,745 2,714 11,317 Bibosi Gross margin (US$) 124,060 68,100 68,054 320,711 185,033 765,959 
Saleable volume (m3) 3,286 2,873 6,112 5,331 9,043 26,645 Yesquero blanco Gross margin (US$) 513,273 448,849 922,891 823,410 1,407,231 4,115,655 
Saleable volume (m3) 4,344 5,205 2,366 5,004 6,787 23,707 ”Rest” Gross margin (US$) 300,493 366,831 161,923 333,373 464,121 1,626,742 
Saleable volume (m3) 13,336 14,592 15,665 22,841 30,000 96,434 Total Gross margin (US$) 1,281,566 1,349,912 1,673,720 2,173,362 3,086,218 9,564,779  

 
The results of this scenario show that only year 5 (and presumably year 1 as well) has the 
production potential to fulfill the objective of processing 30,000 m3 per year at the sawmill. 
The sawmill capacity was increased by 71% but the amount of saleable volume extracted only 
increased by 22%. In years 1, 2, 3, and 4 the entire stock is harvested in this scenario. In year 
5, 1,083 m3 is left standing for future utilization. The relative harvest compared with the 
sawmill capacity amounts to 44%, 49%, 52%, 76%, and 100% in years 1-5, respectively. 
 

8.3 Sensitivity Analyses 
 
The sensitivity analyses are limited to deal with parameters which are associated with a high 
degree of uncertainty. The selected parameters are volume estimations and stumpage prices. 
 
8.3.1 Uncertainty Related to Estimation of the Saleable Volume 
For yesquero negro and yesquero blanco, Dauber (2001) found that the log heights measured 
during inventories in the case study area were between 3 and 8 percent too low. Since the 
method used for measuring log heights is independent of tree species similar errors can be 
expected for other species. 
 
The following analyses are performed with the free model solution as a point of reference (cf. 
section 8.1.1 above). Scenarios with logs 10% higher and 10% shorter than the recorded 
heights are simulated. The simulation is done by changing the log heights in the yield tables 
(cf. appendices X and Y). Consequently, the polynomial functions “height – saleable volume 
percentage” and “height – saleable volume increment” are changed i.e. the differential 
equation file of the PEB-model is changed. The new correlations are depicted in appendices Z 
and AA. A new solution is found by optimizing the LINDO text file generated by the PEB-
program using the altered differential equation file. 
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The solutions of the models with a 10% increase and a 10% reduction of the log heights are 
shown in details in appendices AB and AC. The main results are shown in Table 8.14 and 
Table 8.15 below. The results show, that a 10% misjudgment of the log height result in a 
misjudgment of the total saleable volume and the total gross margin of approximately 10%. In 
the tables below the NPV is altered by only 7 % because the expectation values were kept 
constant. 
 

Table 8.14 Main results of the free model solution with a 10% increase of log heights. The results are
compared with the free model solution (Table 8.1) and the percentage change calculated. 

Variable Code in the  
LINDO output file 

Free model 
solution 

10% increase 
of log heights 

Percentage 
change 

NPV (US$) NPVSEED 12,557,031 13,377,006 +7 
Total harvested area (ha) TCFAREA 9,880 9,880 0 
Total saleable volume (m3) TOTSEV 97,517 106,654 +9 
Total gross margin (US$) TOTSEGM 9,636,528 10,543,656 +9  

 
Table 8.15 Main results of the free model solution with a 10% reduction of log heights. The results are 
compared with the free model solution (Table 8.1) and the percentage change calculated. 

Variable Code in the 
LINDO output file 

Free model 
solution 

10% reduction 
of log heights 

Percentage 
change 

NPV (US$) NPVSEED 12,557,031 11,644,330 -7 
Total harvested area (ha) TCFAREA 9,880 9,880 0 
Total saleable volume (m3) TOTSEV 97,517 86,826 -11 
Total gross margin (US$) TOTSEGM 9,636,528 8,625,022 -10  

 
 
Table 8.16 and Table 8.17 show the result of the analyses distributed to the year of harvest 
and species group. 
 
Table 8.16 Volumes and gross margins of the free model solution with a 10% increase of log heights distributed
to species group and year of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 1,048 1,026 1,362 2,165 3,182 8,784Yesquero negro Gross margin (US$) 164,279 162,382 210,922 344,280 495,781 1,377,643
Saleable volume (m3) 3,170 4,973 5,183 6,025 10,419 29,770Ochoó Gross margin (US$) 213,441 347,064 355,163 412,656 700,502 2,028,826
Saleable volume (m3) 2,023 1,142 1,081 5,192 2,987 12,425Bibosi Gross margin (US$) 136,293 74,236 73,580 344,607 199,404 828,120
Saleable volume (m3) 3,680 3,122 6,789 5,875 10,019 29,487Yesquero blanco Gross margin (US$) 565,061 494,178 1,015,883 906,439 1,549,418 4,530,978
Saleable volume (m3) 4,827 5,832 2,694 5,356 7,479 26,188”Rest” Gross margin (US$) 330,180 402,015 175,724 363,685 506,484 1,778,088
Saleable volume (m3) 14,748 16,096 17,110 24,613 34,086 106,654Total Gross margin (US$) 1,409,254 1,479,875 1,831,271 2,371,667 3,451,588 10,543,656 
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Table 8.17 Saleable volumes and gross margins of the free model solution with a 10% reduction of log
heights distributed to species group and year of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 854 861 1,138 1,866 2,589 7,309Yesquero negro Gross margin (US$) 134,403 132,708 172,237 280,968 404,703 1,125,019
Saleable volume (m3) 2,510 4,105 4,286 4,964 8,294 24,158Ochoó Gross margin (US$) 174,214 283,162 289,934 336,871 572,082 1,656,262
Saleable volume (m3) 1,637 920 882 4,158 2,407 10,005Bibosi Gross margin (US$) 111,635 60,751 60,327 282,376 163,296 678,385
Saleable volume (m3) 3,023 2,560 5,435 4,787 8,217 24,023Yesquero blanco Gross margin (US$) 462,800 404,646 831,930 742,253 1,268,648 3,710,278
Saleable volume (m3) 4,103 4,579 2,125 4,381 6,144 21,332”Rest” Gross margin (US$) 270,323 328,947 143,788 297,591 414,428 1,455,078
Saleable volume (m3) 12,127 13,025 13,866 20,158 27,651 86,826Total Gross margin (US$) 1,153,375 1,210,214 1,498,216 1,940,060 2,823,157 8,625,022 

 
The results shown in Table 8.16 and Table 8.17 are compared to the free model solution in 
Table 8.18 and Table 8.19 below. 
 

Table 8.18 Percentage changes in saleable volumes and gross margins of the free model solution with a
10% increase of log heights. The changes are presented per species group. 

  Yesquero 
negro Ochoó Bibosi Yesquero 

blanco ”Rest” 

Saleable volume (m3) 8,123 27,725 11,317 26,645 23,707 Total (free model 
solution) Gross margin (US$) 1,252,081 1,876,092 765,959 4,115,655 1,626,742 

Saleable volume (m3) 8,784 29,770 12,425 29,487 26,188 Total (10% increase 
of log heights) Gross margin (US$) 1,377,643 2,028,826 828,120 4,530,978 1,778,088 

Saleable volume  +8 +7 +10 +11 +10 Percentage change 
Gross margin  +10 +8 +8 +10 +9  

 
Table 8.19 Percentage changes in saleable volumes and gross margins of the free model solution with a
10% reduction of log heights. The changes are presented per species group. 

  Yesquero 
negro Ochoó Bibosi Yesquero 

blanco ”Rest” 

Saleable volume (m3) 8,123 27,725 11,317 26,645 23,707 Total (free model 
solution) Gross margin (US$) 1,252,081 1,876,092 765,959 4,115,655 1,626,742 

Saleable volume (m3) 7,309 24,158 10,005 24,023 21,332 Total (10% reduction 
of log heights) Gross margin (US$) 1,125,019 1,656,262 678,385 3,710,278 1,455,078 

Saleable volume  -10 -13 -12 -10 -10 Percentage change 
Gross margin -10 -12 -11 -10 -11  

 
The results of adding and subtracting 10% of the log heights indicate that it is important to 
have consistent and correct log height measurements, since the gross margin and the amount 
of saleable volume are relatively sensitive to changes of log heights. Furthermore, the results 
indicate the possibilities of using the model as a planning tool to evaluate consequences of 
errors in estimating input parameters such as the log height.  
 
8.3.2 Uncertainty Related to Estimation of the Stumpage Prices 
The effect of the uncertainty related to estimation of the stumpage prices on the free model 
solution and the constrained model solution was analyzed. Changes in the stumpage prices 
can either be caused by changes in the sales prices and/or by changes in the assortment costs. 
 
Sales prices are difficult to determine since they are influenced by the distribution of end 
products from the sawmill. The distribution of products might change due to changes of 
market demands and new markets may be developed while others may disappear, etc. 
Likewise, the assortment costs are difficult to determine because they are composite measures 
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composed by harvest, processing, and transportation costs. The assortment costs might change 
with changing distribution of products and changing methods of extraction, processing, and 
transportation of the logs. Furthermore, factors like political and economic stability, the state 
of the market, and the effect of ecological labeling, e.g. certification schemes contribute to the 
uncertainty of estimating both the sales prices and the assortments costs and, in the end, the 
stumpage prices.   
 
The influence on the stumpage prices of changing the sales prices is analyzed in Table 8.20 
keeping the assortment costs unchanged.   
 
Table 8.20 Percentage change of the stumpage prices caused by a change of the sales prices. The base case
contains no alteration of the sales prices. 

Species 
 Base 

case 
10% 

increase of 
sales price 

20% 
increase of 
sales price 

10% 
reduction of 
sales price 

20% 
reduction of 
sales price 

Sales price (US$/m3) 275 303 330 248 220 
Assortment cost (US$/m3) 120 120 120 120 120 
Stumpage price (US$/m3) 155 183 210 128 100 

Yesquero 
blanco, 

Yesquero 
negro Change of stumpage price (%) - +18 +35 -17 -35 

Sales price (US$/m3) 188 207 226 169 150 
Assortment cost (US$/m3) 120 120 120 120 120 
Stumpage price (US$/m3) 68 87 106 49 30 

Bibosi, 
Ochoó, 
“Rest” 

Change of stumpage price (%) - +28 +56 -28 -56  
 
For all species the changes of the stumpage prices induced by a given change of the sales 
prices are higher in relative terms than the change of sales prices. Also, the changes of the 
stumpage prices increase with decreasing sales prices due to the fixed assortment costs. Thus, 
a 10 percent increase of the sales prices results in an 18 percent increase of the stumpage price 
of yesquero blanco and yesquero negro while a 28 percent increase occurs for the species of 
bibosi, ochoó, and “rest”. 
 
The influence on the stumpage prices of changing the assortment costs is analyzed in Table 
8.21 keeping the sales prices unchanged. 
 
Table 8.21 Percentage change of the stumpage prices caused by a change of the assortment costs. The base 
case contains no alteration of the sales prices. 

Species 
 

Base 
case 

10% 
increase of 
assortment 

cost 

20% 
increase of 
assortment 

cost 

10% 
reduction of 
assortment 

cost 

20% 
reduction of 
assortment 

cost 
Sales price (US$/m3) 275 275 275 275 275 
Assortment cost (US$/m3) 120 132 144 108 96 
Stumpage price (US$/m3) 155 143 131 167 179 

Yesquero 
blanco, 

Yesquero 
negro Change of stumpage price (%) - -8 -15 +8 +15 

Sales price (US$/m3) 188 188 188 188 188 
Assortment cost (US$/m3) 120 132 144 108 96 
Stumpage price (US$/m3) 68 56 44 80 92 

Bibosi, 
Ochoó, 
“Rest” 

Change of stumpage price (%) - -18 -35 +18 +35  
 
For the high value species yesquero blanco and yesquero negro it is seen that the changes of 
the stumpage prices induced by the changes of the assortment costs are lower in relative terms 
than the changes of the assortment costs. On the contrary, for the low value species bibosi, 
ochoó, and other species in the species group “rest” the changes of the stumpage prices 
induced by the changes of the assortment costs are higher in relative terms than the changes of 
the assortment costs due to the low sales prices. 
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In order to analyze how the changes shown in Table 8.20 and Table 8.21 influence the annual 
gross margins the changed stumpage prices are multiplied with the amount of salable volume 
for the years of concern. Alternatively, the stumpage prices and expectation values of the 
differential equation file are changed and a new solution is found by optimizing the new 
model formulation (LINDO text file) generated by the PEB-program using the changed 
differential equation file. However, the deviation between the results of this time-consuming 
method and the results of the easily performed method of multiplying factors is minimal.  
 
Figure 8.5 and Figure 8.6 show the gross margins distributed to year of harvest if the sales 
price increases or decreases 10% or 20% in the free model solution and the constrained model 
solution, respectively.  
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Figure 8.5 Gross margins per year if the sales prices
increases or decreases by 10 or 20 percent in the free
model solution. 
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Figure 8.6 Gross margins per year if the sales prices 
increases or decreases by 10 or 20 percent in the 
constrained model solution. 

 
For each case depicted in Figure 8.5 and Figure 8.6 the total gross margins of the five year 
period are shown in Table 8.22 below. Furthermore, the gross margins are compared to the 
free model solution and the constrained model solution. 
 

Table 8.22 Changes of the total gross margins for the five year period induced by changes of the sales
prices. The changes are compared to the base cases of the free model and the constrained model solutions.
The base cases contain no alteration of the sales prices. 

 Base case 10% increase 
of sales price 

20% increase 
of sales price 

10% reduction 
of sales price 

20% reduction 
of sales price 

Total gross margin of the 
free model (US$) 9,636,528 11,989,263 14,307,449 7,283,793 4,965,607 

Difference compared to 
the base case (US$)  - +2,352,735 +4,670,921 -2,352,735 -4,670,921 

Difference compared to 
the base case (%)  - +24 +48 -24 -48 

Total gross margin of the 
constrained model (US$) 7,936,324 9,850,438 11,733,746 6,022,209 4,138,901 

Difference compared to 
the base case (US$)  - +1,914,114 +3,797,422 -1,914,115 -3,797,423 

Difference compared to 
the base case (%)  - +24 +48 -24 -48 
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The results above show that a given percentage change of the sales prices generates a change 
of the gross margins of more than twice the given percentage.    
 
Figure 8.7 and Figure 8.8 show the gross margins distributed to year of harvest if the 
assortment costs increases or decreases by 10% or 20% in the free model solution and the 
constrained model solution, respectively.  
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Figure 8.7 Gross margins per year if the
assortment costs increases or decreases by 10% or
20% in the free model solution. 
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Figure 8.8 Gross margins per year if the assortment 
costs increases or decreases by 10% or 20% in the 
constrained model solution. 

 
 
For each case depicted in Figure 8.7 and Figure 8.8 the total gross margins of the five year 
period are shown in Table 8.23 below. Furthermore, the gross margins are compared to the 
free model solution and the constrained model solution. 
 
Table 8.23 Changes of the total gross margins for the five year period induced by changes of the assortment
costs. The changes are compared to the base cases of the free model and the constrained model solutions. The 
base cases contain no alteration of the sales prices. 

 
Base case 

10% increase 
of assortment 

cost 

20% increase 
of assortment 

cost 

10% reduction 
of assortment 

cost 

20% reduction 
of assortment 

cost 
Total gross margin of the 
free model 9,636,528 8,247,446 6,954,729 11,025,610 12,318,327 

Difference compared to 
the base case (US$)  - -1,389,082 -2,681,799 +1,389,082 +2,681,799 

Difference compared to 
the base case (%)  - -14 -28 +14 +28 

Total gross margin of the 
constrained model 7,936,324 6,815,842 5,774,723 9,056,805 10,097,924 

Difference compared to 
the base case (US$)  - -1,120,482 -2,161,601 +1,120,481 +2,161,600 

Difference compared to 
the base case (%)  - -14 -27 +14 +27 

 
 
As was the case when changing the sales prices, a given percentage change of the assortment 
costs generates a change of the gross margins higher than the given percentage. However, 
changes in the assortment costs have a lesser effect on the gross margins than changes in sales 
prices.     
 



Quantitative and Economic Analyses 

 68

8.3.3 Using the Sensitivity Analyses in Forest Management Planning 
In the previous sections the following sensitivity analyses have been performed and their 
influence on the gross margins has been analyzed: 
 

1. Uncertainty related to estimation of the saleable volume 
a. 10% increase of the log heights 
b. 10% reduction of the log heights 
 

2. Uncertainty related to estimation of the stumpage prices 
a. 10% and 20% increase or reduction of the sales prices 
b. 10% and 20% increase or reduction of the assortment costs 

 
By combining these analyses or carrying out additional analyses, scenarios matching to the 
best believe of the company can be constructed. This is illustrated by some examples below. 
 
In a so-called best case scenario developed from the analyses performed above, all logs 
heights are 10% longer than the recorded heights, the sales prices increases by 20%, and the 
assortment costs are reduced by 20%. In the contrary so-called worst case scenario developed 
from the analyses performed above, all logs heights are 10% shorter than the recorded 
heights, the sales prices are reduced by 20%, and the assortment costs increases by 20%. As a 
consequence of these scenarios the stumpage prices would increase or decrease by 51% for 
the species yesquero blanco and yesquero negro and by 91% for the species bibosi, ochoó, 
and “rest” for the best case and worst case scenario, respectively.    
 
Saleable volumes and gross margins of the example of a best case scenario are presented in 
Table 8.24 and Table 8.25 below.  
 
Table 8.24 Saleable volumes and gross margins of the best case scenario distributed to species group and
year of harvest.  

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha) 

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 1,048 1,026 1,362 2,165 3,182 8,784Yesquero negro Gross margin (US$) 248,062 245,196 318,491 519,863 748,629 2,080,241
Saleable volume (m3) 3,170 4,973 5,183 6,025 10,419 29,770Ochoó Gross margin (US$) 407,673 662,893 678,362 788,172 1,337,958 3,875,058
Saleable volume (m3) 2,023 1,142 1,081 5,192 2,987 12,425Bibosi Gross margin (US$) 260,319 141,790 140,538 658,200 380,861 1,581,709
Saleable volume (m3) 3,680 3,122 6,789 5,875 10,019 29,487Yesquero blanco Gross margin (US$) 853,241 746,209 1,533,983 1,368,723 2,339,620 6,841,777
Saleable volume (m3) 4,827 5,832 2,694 5,356 7,479 26,188”Rest” Gross margin (US$) 630,645 767,849 335,632 694,639 967,384 3,396,148
Saleable volume (m3) 14,748 16,096 17,110 24,613 34,086 106,654Total Gross margin (US$) 2,399,940 2,563,938 3,007,007 4,029,596 5,774,453 17,774,934 

 
Table 8.25 Percentage change of the saleable volumes and the gross margins of the best case scenario. The
changes are presented per species group. 

  Yesquero 
negro Ochoó Bibosi Yesquero 

blanco ”Rest” Total 

Saleable volume (m3) 8,123 27,725 11,317 26,645 23,707 97,517 Total (free model 
solution) Gross margin (US$) 1,252,081 1,876,092 765,959 4,115,655 1,626,742 9,636,528 

Saleable volume (m3) 8,784 29,770 12,425 29,487 26,188 106,654 Total (best case 
scenario) Gross margin (US$) 2,080,241 3,875,058 1,581,709 6,841,777 3,396,148 17,774,934 

Saleable volume  +8 +7 +10 +11 +10 +9 Percentage change 
Gross margin  +66 +107 +107 +66 +109 +84  
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In the best case scenario the total gross margin amounts to approximately 17.8 million US$ 
which is almost 8 million US$ (84%) more than the free model solution. The total saleable 
volume is 106,654 m3 which is 9,137 m3 (9%) more than in the free model solution (cf. Table 
8.1). 
 
Saleable volumes and gross margins of the worst case scenario are presented in Table 8.26 
and Table 8.27 below.  
 

Table 8.26 Saleable volume and gross margins of the worst case scenario distributed to species group and
year of harvest. 

Species group 
 

Year 1 
(800 ha) 

Year 2 
(1,880 ha)

Year 3 
(2,400 ha) 

Year 4 
(2,400 ha) 

Year 5 
(2,400 ha) Total 

Saleable volume (m3) 854 861 1,138 1,866 2,589 7,309Yesquero negro Gross margin (US$) 65,858 65,027 84,396 137,674 198,304 551,259
Saleable volume (m3) 2,510 4,105 4,286 4,964 8,294 24,158Ochoó Gross margin (US$) 15,679 25,485 26,094 30,318 51,487 149,064
Saleable volume (m3) 1,637 920 882 4,158 2,407 10,005Bibosi Gross margin (US$) 10,047 5,468 5,429 25,414 14,697 61,055
Saleable volume (m3) 3,023 2,560 5,435 4,787 8,217 24,023Yesquero blanco Gross margin (US$) 226,772 198,277 407,646 363,704 621,638 1,818,036
Saleable volume (m3) 4,103 4,579 2,125 4,381 6,144 21,332”Rest” Gross margin (US$) 24,329 29,605 12,941 26,783 37,299 130,957
Saleable volume (m3) 12,127 13,025 13,866 20,158 27,651 86,826Total Gross margin (US$) 342,685 323,861 536,506 583,894 923,425 2,710,371 

 
Table 8.27 Percentage change of the saleable volumes and the gross margins of the worst case scenario. The
changes are presented per species group. 

  Yesquero 
negro Ochoó Bibosi Yesquero 

blanco ”Rest” Total 

Saleable volume (m3) 8,123 27,725 11,317 26,645 23,707 97,517 Total (free model 
solution) Gross margin (US$) 1,252,081 1,876,092 765,959 4,115,655 1,626,742 9,636,528 

Saleable volume (m3) 7,309 24,158 10,005 24,023 21,332 86,826 Total (worst case 
scenario) Gross margin (US$) 551,259 149,064 61,055 1,818,036 130,957 2,710,371 

Saleable volume  -10 -13 -12 -10 -10 -11 Percentage change 
Gross margin  -56 -92 -92 -56 -92 -72  

 
In the worst case scenario the total gross margin amounts to approximately 2.7 million US$ 
around 6.9 million US$ (72%) less than in the free model solution. The total saleable volume 
is 86,826 m3 which is 10,691 m3 (11%) less than in the free model solution (Table 8.1). 
 
Figure 8.9 and Figure 8.10 below, show a comparison of the saleable volumes and gross 
margins of the free model solution, the best case scenario, and the worst case scenario. 
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Figure 8.9 Comparison of the saleable volume of the
free model solution, the best case scenario, and the
worst case scenario. 
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Figure 8.10 Comparison of the gross margins of the 
free model solution, the best case scenario, and the 
worst case scenario. 

 

8.4 Concluding Remarks 
 
The results in this chapter show that the use of the implemented planning model contains the 
potential of extending the planning horizon in relation to harvest scheduling beyond a time 
horizon of one year. In this way it is possible to incorporate knowledge about the potential 
future harvest in the planning process. The composition of the harvest may be altered through 
changes of the harvest schedule. This may lead to a more efficient use of the forest resource 
and enhanced possibilities of meeting present demands. This is likely to increase the value of 
the harvest. Explicit changes of the harvest schedule have not been performed here, but the 
results illustrate how such changes in the future can contribute to an improvement of forest 
planning. 
 
The production stability may be increased through incorporation of e.g. non-declining even-
flow constraints. Also, incorporation of sustainability constraints on an individual species 
level could help secure the long term sustainability of the harvest operations. In addition, use 
of the planning model enables the decision maker to analyze the consequences and 
possibilities of fulfilling management objectives e.g. an increased sawmill capacity. 
Furthermore, by use of the model it is possible to perform sensitivity analyses and construct 
scenarios to evaluate the consequences of changes of input parameters, or uncertainties related 
to these. The sensitivity analyses and scenarios also showed the importance of having 
consistent and correct estimates of the input parameters. 
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9 Sustainability Analysis 
 
 
In order to asses whether a goal of non-declining even-flow of timber is in compliance with 
the current harvest rates in Bolivian concession forestry, estimates were calculated of so-
called sustainable production potentials. 
 
Ignoring mortality, the extractable saleable volume of any given area beyond the initial 
logging comprises: 
 

a) The stock: saleable volume of timber trees above the minimum harvest diameter 
that have been left in the forest during the initial logging operations. 

b) The increment of the stock. 
c) The saleable volume of the trees that have grown above the minimum harvest 

diameter between the harvest operations. 
 
If no stock is left in the forest during the initial harvest operation i.e. if all trees larger that the 
minimum harvest diameter are harvested, the extractable volume of the second harvest 
operation consists only of c) above. Presupposing that the regeneration of a given species is 
adequate, c) above can be interpreted as a sustainable production potential of the given 
species, i.e. the maximum volume that can be extracted in every cutting cycle if a goal of non-
declining even-flow of timber is to be fulfilled. 
 
Comparing the sustainable production potential with the current utilization rate provides a 
basis for evaluating the sustainability of current harvest intensities. The sustainable 
production potential of the five species groups of the case study area has been estimated 
below. The calculations are delineated using yesquero blanco as an example.  
 
Using data from the inventory-1996, all trees with a diameter between 20 cm and 50 cm (the 
minimum harvest diameter) was pooled in one diameter class of which the number of trees 
per hectare was estimated. Figure 9.1 shows the frequency of yesquero blanco in the 20 cm -
50 cm diameter class of the 93 sample plots 
of inventory-1996.  
 
A basic statistical analysis of the data was 
carried out. The results of the analysis are 
shown in Table 9.1. 
 
The mean density (µ) of yesquero blanco 
(20cm < diameter < 50cm) in the case study 
area was estimated to be 1.183 trees per 
hectare, the mean value of the frequency of 
the sample plots. 
 
The 95% confidence level was calculated 
using the equation: 

Observations of yesquero blanco
20 < diameter < 50cm
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Figure 9.1 The frequency of permanent plots 
containing a given number of yesquero blancos. 
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(22) 254.0183.1

93
233.196.1183.196.1 ±⇔±⇒±

n
σµ  

 
The average annual increment of trees in the diameter 
range 20cm-50cm was estimated by integration of 
equation (2) section 7.3.1 above, and dividing by 30 
cm (50 cm - 20 cm). 
 
(23) ∫ +−

50

20

67.0124.0026.0 dddd  = 

 
(0.0742515 × 501.67 – 0.013 × (50 cm)2) – (0.0742515 × 201.67 – 0.013 × (20 cm)2) = 12.697 cm2 / year 

 ⇓  
 yearcm

cmcm
yearcmd /423.0

2050
/697.12 2

=
−

=∆  

 
Thus, in 30 years the trees will have increased their diameter by: 
 
(24) cmyearsyearcmd 697.1230/423.0 =×=∆  
 
Assuming all trees are evenly distributed across the diameter range 20 cm - 50 cm, the 
average number of trees per hectare that would grow past the minimum harvest diameter of 50 
cm can be calculated. 
 
Trees per ha, diameter > 50 cm after 30 years: 
 

(25) Lower limit (95% conf. level): 392.0929.0
2050

697.12
=×⎟⎟

⎠

⎞
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⎝

⎛
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cm  
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⎝

⎛
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The mean diameter of these trees was estimated to:  
 
(28) Mean diameter:  cmcmcm 35.56

2
697.1250 =+  

 
Using the estimated regression functions developed for yesquero blanco (cf. Appendix K), the 
mean height and mean log height of the trees was calculated according to: 
 
(29) Mean height:  mcm 72.224027173566.12)35.56ln(7128319187.8 =−×  
 
(30) Mean log height:  me m 13.99959783608.1 72.220668884537.0 =×  
 
The basal area was calculated to: 

Table 9.1 Main results of the statistical 
analysis of the distribution of Yesquero 
blanco: 20cm<diameter<50cm. 

Mean (µ) 1.182796
Standard error 0.127868
Standard deviation (δ) 1.233114
Sample variance (δ2) 1.52057
Count (n) 93
Confidence level (95%) 0.253957
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(31) Basal area:  2
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Having calculated the log height and the basal area, the saleable volume was calculated to be: 
 
(32) Saleable volume:  32 479.165.013.9249.0 mmm =××  
 
Keeping in mind the estimates of the trees per hectare in equation 25, 26, and 27 above, the 
sustainable production potential was estimated according to, 
 
Sustainable production potential of yesquero blanco:  
 
(33) Lower limit (95% conf. level): ha

m
ha

tree
tree

m 33 580.0392.0479.1 =×  
(34) Mean:   ha

m
ha

tree
tree

m 33 741.0501.0479.1 =×  
(35) Upper limit (95% conf. level): ha

m
ha

tree
tree

m 33 901.0609.0479.1 =×  
 
Thus, in 30 years an estimated 0.741 m3 per hectare of saleable volume above the minimum 
harvest diameter can be expected to be acquired from the current stock of trees below the 
minimum harvest diameter. 
 
In addition to yesquero blanco, estimates were calculated for bibosi, ochoó, yesquero negro, 
and the species group “rest” according to the procedure above. Table 9.2 shows the calculated 
values. 
 
Table 9.2 The estimated sustainable production potentials of bibosi, ochoó, yesquero blanco, yesquero negro, 
and the species group “rest” in the case study area shown as m3 of saleable volume per hectare. The 
corresponding estimates of m3 saleable volume per 2,400 hectares annual harvest area (a.h.a.) are also shown. 

Bibosi  Yesquero blanco 
 m3 per ha m3 per a.h.a.   m3 per ha m3 per a.h.a. 
95% lower limit 0.344 826  95% lower limit 0.580 1,393 
Mean 0.476 1,141  Mean 0.741 1,777 
95% upper limit 0.607 1457  95% upper limit 0.901 2,162 
       

Ochoó  Yesquero negro 
 m3 per ha m3 per a.h.a.   m3 per ha m3 per a.h.a. 
95% lower limit 1.653 3,967  95% lower limit 0.046 110 
Mean 2.116 5,077  Mean 0.101 242 
95% upper limit 2.578 6,187  95% upper limit 0.156 375  

“Rest” 
 m3 per ha m3 per a.h.a. 

95% lower limit 8.845 21,227 
Mean 10.131 24,313 

95% upper limit 11.418 27,402  
 
In Table 9.3 the sustainable production potentials are compared to the current harvest rates. 
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Table 9.3 Comparison of the current harvest rates and the sustainability production potentials of bibosi, ochoó,
yesquero blanco, yesquero negro, and the species group “rest” shown in Table 9.2. On the right, the sustainable 
production potentials are shown as a percentage of the current utilization rates. (a.h.a. : annual harvest area –
2,400 ha). 

Bibosi 
Sustainable potential Current Harvest Rates  

m3 per ha m3 per a.h.a. m3 per ha m3 per a.h.a. Difference 

95% lower limit 0.344 826 0.733 1,760 46 % 
Mean 0.476 1,141 0.733 1,760 64 % 
95% upper limit 0.607 1457 0.733 1,760 82 % 

Ochoó 
Sustainable potential Current Harvest Rates  

m3 per ha m3 per a.h.a. m3 per ha m3 per a.h.a. Difference 

95% lower limit 1.653 3,967 2.200 5,280 75 % 
Mean 2.116 5,077 2.200 5,280 96 % 
95% upper limit 2.578 6,187 2.200 5,280 117 % 

Yesquero blanco 
Sustainable potential Current Harvest Rates  

m3 per ha m3 per a.h.a. m3 per ha m3 per a.h.a. Difference 

95% lower limit 0.580 1,393 2.200 5,280 26 % 
Mean 0.741 1,777 2.200 5,280 34 % 
95% upper limit 0.901 2,162 2.200 5,280 41 % 

Yesquero negro 
Sustainable potential Current Harvest Rates  

m3 per ha m3 per a.h.a. m3 per ha m3 per a.h.a. Difference 

95% lower limit 0.046 110 0.733 1,760 6 % 
Mean 0.101 242 0.733 1,760 14 % 
95% upper limit 0.156 375 0.733 1,760 21 % 
      

“Rest” 
Sustainable potential Current Harvest Rates  m3 per ha m3 per a.h.a. m3 per ha m3 per a.h.a. Difference 

95% lower limit 8.845 21,227 1.466 3,520 604 % 
Mean 10.131 24,313 1.466 3,520 691 % 
95% upper limit 11.418 27,402 1.466 3,520 778 %  

 
Interpreting Table 9.3 it is seen that of the four major timber species only the species of 
ochoó, with an expected annual production of 5,077m3 per annual harvest area, has the 
potential of fulfilling the current annual utilization rate of 5,280 m3 on a sustainable basis. The 
sustainable production potential constitutes 96% of the current annual harvest which lies 
within the limits of the 95% confidence level. 
 
When looking at the other three species depicted in table 1.2, it is seen that the current harvest 
intensities cannot be sustained in perpetuity. The sustainable production potential of yesquero 
blanco only accounts for 34% of the current annual harvest rate, and with a sustainable 
production potential of 242 m3, yesquero negro only has a potential of delivering 14% of the 
current harvest rates on a sustainable basis. In the case of bibosi, the sustainable production 
potential of 1,141 m3 accounts for 64% of the current annual harvest rates of 1,760 m3. 
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The species group “rest” contains a large currently unutilized sustainable production potential 
which is nearly 7 times as large as the current harvest rates.   
 
The economic effect in terms of gross margins of changing the current harvest intensity with 
the sustainable level is computed based on the stumpage prices per species group. The results 
are shown in Table 9.4. 
 
Table 9.4 Economic analysis in terms of the effect on the annual gross margin of changing the current harvest 
rates into a sustained production. Scenario considering an unlimited sawmill capacity. 

Species group 
Stumpage 

price per m3 
(US$/m3)1 

Current  
harvest rates 

 (m3/yr) 

Sustainable 
harvest level 

(m3/yr) 

Annual gross margin change 
based on sustainable harvest 

levels (US$/yr) 
Yesquero negro 155 1,760 242 -235,503 
Ochoó 68 5,280 5,077 -13,731 
Bibosi 68 1,760 1,141 -41,869 
Yesquero blanco 155 5,280 1,777 -543,455 
Rest 68 3,520 24,313 +1,406,438 
All species - 17,600 32,550 +571,880 

1 Rounded off values 
 
It is concluded that sustainability in liquidity terms cannot be fulfilled for the four major 
commercial species groups. However, the remaining species group of less commercially 
attractive species or even non-commercial species possesses the potential to more than 
outweigh the reduction of the gross margin caused by the sustainable production of the four 
major commercial species groups. From an overall point of view the species of the “rest-
group” will be able to sustain the present gross margin even if the production is reduced to 
approximately 65% (corresponding to 15,858m3) of the sustainable production potential 
according to the following calculation: 
 
(36) %65%100)/313,24/)/313,24

/$64.67
/$880,571(( 33

3 ≈×+
− yearmyearm

mUS
yearUS  

 
Or the gross margin may be sustained even if the stumpage price is reduced by 40% to 40 
US$ per m3: 
 
(37) 3

33 /$40
520,3313,24

$880,571$438,406,1 mUS
mm

USUS
≈

−
−  

 
However, whether the potential of the species group “rest” can be fulfilled depends on the 
sawmill capacity. In order to utilize the species group “rest” to its full potential the sawmill 
must have a capacity of 32,550 m3 per year according to Table 9.4. If the sawmill capacity 
remains unaltered at 17,600 m3 per year the company will inevitably suffer a loss from 
conducting the harvest according to the sustainable production potentials because of the low 
stumpage price of the species group “rest” compared to the species groups of yesquero blanco 
and yesquero negro. This is illustrated in Table 9.5. 
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Table 9.5 Economic analysis in terms of the effect on the annual gross margin of changing the current utilization 
intensity into a sustained production. Scenario considering an unchanged sawmill capacity of 17,600 m3. 

Species group 
Stumpage 

price per m3 
(US$/m3)1 

Current 
utilization level 

(m3/yr) 

Sustainable 
harvest level 

(m3/yr) 

Annual gross margin change 
based on sustainable harvest 

levels (US$/yr) 
Yesquero negro 155 1,760 242 -235,503 
Ochoó 68 5,280 5,077 -13,731 
Bibosi 68 1,760 1,141 -41,869 
Yesquero blanco 155 5,280 1,777 -543,455 
Rest 68 3,520 9,363 +395,221 
All species - 17,600 17,600 -439,337 

1 Rounded off values 
 
Thus, the sawmill capacity needs to be increased if the potential of the species group “rest” is 
to be fulfilled. The reduction of the annual gross margins for the species groups of bibosi, 
ochoó, yesquero blanco, and yesquero negro from changing the harvest intensity according to 
the sustainable production potentials, accumulates to 834,558 US$ per year. For this reduction 
to be outweighed by a similar positive change of the gross margin of the species group “rest”, 
a total harvest of 15,858 m3 (corresponding to 65% of the sustainable production potential cf. 
equation (36) above) of the species group “rest” must be conducted annually according to the 
following calculation: 
 
(38) 13

3

3131

858,15
$64.67

$64.673520$558,834 −
−

−−−

×=
×

×××+× yrm
mUS

mUSyrmyrUS  

 
Keeping in mind the sustainable harvest levels of bibosi (1,141 m3/year), ochoó (5,077 
m3/year), yesquero blanco (1,777 m3/year), and yesquero negro (242 m3/year), the result of 
(38) above indicates that the sawmill capacity will have to be expanded to approximately 
24,000 m3 per year. 
 

9.1 Concluding Remarks 
 
The results above indicate that the current harvest rates in the case study area can be 
considered sustainable from a physical (in volume terms) point of view on an aggregated 
species level. However, on an individual species level, the species bibosi, yesquero blanco, 
and yesquero negro are harvested at rates that surpass the estimated sustainable production 
potentials. The species group “rest” containing lesser-used species possesses a large currently 
unfulfilled sustainable production potential. The economic sustainability of the harvest 
operations depends on the incorporation of lesser-used species on the market. It is beyond the 
scope of this study to evaluate the current harvest rates from an ecological and a social point 
of view. 
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10 Discussion 
 
 
Bolivia is a country with substantial forest resources of commercial interest, a thoroughly 
prepared forestry regime, and short-term but progressing forest management planning. In 
resent years a new forestry regime, developed on the basis of external support imposing 
restrictive and controlled regulations and norms, has radically changed the conditions for 
forest management planning in Bolivia. The legislative framework concerning the forestry 
sector is based on the concept of sustainable forest management of which the development of 
forest management plans is an important part.  
 
The number and complexity of the problems forest managers in Bolivian forest concessions 
are facing call for solution methods that can improve the current one year harvest scheduling. 
In this study, five years harvest activities were simulated based on historical pre-harvest 
inventory data in order to assess the potential advantages of an extended planning horizon. 
The simulation was carried out using the annual planning model PEB developed for short-
term optimization of forest management planning in Danish forestry (Tarp 2001). 
Quantitative and economic analyses were presented based on the results of the model. 
 
 
Model Solutions 
 
A so-called free model was solved to find the stock of saleable volume in the forest. The year 
of harvest of each compartment was constrained to simulate the factual harvest succession. 
Large variations were found in the amount of saleable volume and gross margins between the 
annual harvest areas. The saleable volume was found to be approximately 15,700 m3 (6.5 
m3/ha) in the least valuable year whereas the saleable volume in the most valuable year was 
found to be approximately 31,000 m3 (13 m3/ha). In economic terms, the simulated gross 
margins varied from approximately 1.7 million US$ (700 US$/ha) to approximately 3.2 
million US$ (1,300 US$/ha). 
 
The reasons for the large deviations from year to year are unclear. The saleable volume could 
be distributed very irregularly across the concession area and/or the inventories could have 
been inconsistently carried out not giving the true image of the potential harvest. It is likely 
that the pre-harvest inventory in some years has been carried out with the aim of fulfilling the 
sawmill capacity of approximately 17,600 m3 per year and that a part of the harvestable 
volume has been left unregistered in the forest due to it being surplus to requirements. 
Nevertheless, differences in production potential do exist in the concession area, although 
they may not be as profound as the pre-harvest inventory data suggest.  
 
The factual harvest intensity was simulated by solving a model constrained by harvest 
restrictions corresponding to the sawmill capacity of 17,600 m3 per year and the supposedly 
required species distribution (10% bibosi; 30% ochoó; 30% yesquero blanco; 10% yesquero 
negro; 20% “rest”). A comparison of the free model solution and the constrained model 
solution revealed that the potential harvestable volume from some of the annual harvest areas 
exceed the sawmill capacity. Therefore, the annual harvest areas in these years could have 
been considerably smaller in size and still fulfill the sawmill capacity. 
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Harvest Scheduling 
 
A reduction of the annual harvest area could be desirable because the costs per m3 associated 
with harvest operations decrease as the harvest intensity rises. Ideally, the size of the annual 
harvest area would fluctuate from year to year following an optimal harvest schedule. In the 
current situation where the planning horizon only reaches one year ahead this cannot be done. 
Use of the model, however, would allow the planner to adjust the size of the annual harvest 
areas according to the compositional differences of the forest. 
 
A sustainability objective of a non-declining even-flow of timber would be restricted by the 
harvest of the least valuable year. The use of the model would enable the planner to distribute 
the areas composing the annual harvest areas in an optimal manner so that the average annual 
potential harvest could be higher. The current harvest scheduling does not allow for 
consideration of the unequal distribution of harvestable volume and the company runs the risk 
of not being able to fulfill the sawmill capacity when entering areas of low production forest.  
 
Given the current low harvest intensities in the case study area, this does not yet have a 
significant impact on the harvest because even the low production areas in the forest have the 
potential to fulfill a sawmill capacity of 17,600 m3 per year. However, if the company fulfills 
its objective of increasing the sawmill capacity to 30,000 m3 per year, optimization of the 
harvest schedule will be very important because the current approach does not guarantee a 
fulfillment of the objective from year to year. 
 
In relation to optimization of the composition of the annual harvest areas, an advantage could 
be gained by decreasing the size of the individual compartments from the current size of 800 
hectares to e.g. 100 hectares. In this way the annual harvest area of 2,400 hectares could be 
composed of up to 24 different compartments and the possibilities of composing an annual 
harvest schedule that would more accurately reflect the present demands of the market would 
be enhanced. However, this scenario is currently not an option because the Bolivian forest law 
only allows the annual harvesting area of a concession to be divided into a maximum of 3 
individual compartments per year (MDSP 1998, section 4).  
 
 
Changes in Input Parameters 
 
The construction of scenarios and performance of sensitivity analyses indicated the strength 
of the model to evaluate the consequences of probable changes of input parameters, or 
uncertainties related to these. The planner would be able to evaluate the possibilities and 
consequences of fulfilling the management objectives, e.g. a goal of increasing the sawmill 
capacity to a certain level, by answering questions such as “Does the current stock of 
harvestable volume in the forest justify the planned increase in sawmill capacity?” or “What 
are the expected changes in gross margins from the planned increase in sawmill capacity?”.  
 
In this study, the effects of changes of the form factor and log height estimations were 
analyzed. The results revealed that by changing the form factor of yesquero blanco and 
yesquero negro from 0.65 to 0.52 as suggested by Dauber (2001), the total gross margin of the 
five year planning period was reduced by approximately 362,000 US$ (5 %). A misjudgment 
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of the log height by 10 percent would also cause a misjudgment of the volume and gross 
margin estimates of 10 percent.  
 
Also, the effect of changes in sales prices and assortment costs were examined. It was found 
that an increase in sales prices of 10 percent would cause a 24 percent increase in the total 
gross margin of the five year planning period. Even though the planner is unable to influence 
the changes in sales prices he is able to evaluate the consequences of what he deems to be a 
likely scenario in relation to the development of the sales prices.  
 
While the sales prices cannot be influenced by decisions of the planner, he could have an 
influence on the assortment costs. A 10 percent reduction of the assortment costs was found to 
cause an increase in the total gross margin by 14 percent. Thus, the model enables the planner 
to get information on bottom line increases caused by potential savings in assortment costs. 
Any number of analyses like these could, by using the model, be carried out enabling the 
planner to obtain information of the future effects of changes in input parameters. 
 
 
General Evaluation of the Model 
 
In general, the implementation of the annual planning model in the case study area and the 
economic and quantitative analyses showed the need and possibilities of moving forest 
management planning in Bolivian concession forestry beyond the current one year planning 
horizon. The obtained results show that forest management planning based on the use of the 
model increases the insight compared to the present approach where the inventory 
information is limited to data for the next annual harvest area. It is possible to take advantage 
from knowledge about the potential future harvest which cannot be done using a one year 
planning horizon.  
 
The advantages could include increased possibilities of meeting present demands which may 
lead to an increase of the value of the harvest. The composition of the harvest may be altered 
through changes of the schedule of the annual harvest areas based on analysis of inventory 
data. In addition, use of the planning model may increase the production stability through 
incorporation of non-declining even-flow constraints or other sustainability goals. Analysis of 
explicit changes of the forest harvest schedule has not been performed here but the results 
illustrate how such changes in the future can contribute to an improvement of forest 
management planning. 
 
 
Improving the Model to Suit Bolivian Conditions 
 
The implementation of the planning model was not straightforward. Because the PEB 
program primarily is targeted at single species stands, alterations are required when dealing 
with multi-species natural forests in the tropics. In this study, artificial single species areas 
were assigned to the different compartments because the model is not designed to handle 
multiple species in the same compartment. This means that area values in the model must be 
interpreted with caution. Ideally, the model should allow for consideration of several species 
in the same compartment. 
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Furthermore, the rounding off of the per hectare values of the saleable volume in the model 
turned out to be of relatively large importance when applied in the case study area. Because of 
the relatively small amounts of harvestable volume per hectare in the Bolivian natural forests, 
the per hectare values should not be rounded off by the model as this causes inaccuracies in 
the model results. 
 
Problems would be expected when a planning model is implemented under conditions 
different from the ones it has been developed for. Dealing with such problems is important in 
order to improve the consistency of the results. While some problems are easily solved others 
may require reprogramming and detailed knowledge of the coherence of the model. The 
problem of rounding off of the per hectare values of the saleable volume should be relatively 
easy to solve while the problem of area designation will most likely require additional 
programming. 
 
 
The Importance of Collection of Data 
 
In Bolivian forest management planning today, important decisions such as the length of the 
cutting cycle and estimation of the annual allowable cut are mainly based on the minimum 
demands of the law. Thus, 7 out of 10 of the largest forest concessions in Bolivia use a cutting 
cycle of 20 years (Appendix A) and compute the annual allowable cut by dividing the 
estimated harvestable stock of the forests by the duration of the cutting cycle. However, living 
up to the minimum demands of the law does not ensure sustainable management in itself. 
Forest management plans based on minimum requirements might be legal but there is no 
guarantee that the plans represent optimal and sustainable solutions. 
 
Lack of knowledge regarding the complex ecosystem of the natural forests and lack of 
solution methods that can simulate and optimize forest management alternatives are plausible 
explications of today’s choice of management actions. All of the general management plans 
of the large concessions state that the length of the cutting cycle will be reconsidered once 
local growth data are acquired. However, seven years after the implementation of the Forest 
Law, fewer than 10 percent of the managed forests have collected any useful growth data 
(Fredericksen 2003b) despite of the legal requirements to establish permanent plots to ensure 
the collection of local data (MDSP 1998, section 3.11). 
 
This study has shown the importance of collection of local data by showing possible 
advantages that can be gained in the planning process from an increased knowledge of the 
production foundation. The collection of local data combined with the use of forest modeling 
planning tools may improve the sustainability of forest management in ecological terms, e.g. 
by applying harvest restrictions based on local growth conditions, and economical terms, e.g. 
by designing a harvest schedule that meets the present demand.   
 
Thus, the establishment of permanent sample plots is very important to improve sustainable 
forest management planning in Bolivia. Additional data in the form of pre-harvest inventory 
data for more than one annual harvest area could also contribute to an increase in the 
knowledge of the local production foundation. Pre-harvest inventory data for more than one 
annual harvest area could be achieved by hiring additional inventory teams. However, this 
approach would be limited by the problem of hiring sufficient qualified inventory teams. 
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Resent research in the science of remote sensing indicates that large area inventories with an 
acceptable degree of accuracy will be possible in the near future (Maltamo et al. 2004). If 
economic feasible for companies involved in concession forestry in Bolivia, such inventories 
could provide the foundation for long-term planning. 
 
Because of the lack of local growth data from the case study area, the growth modeling used 
in this study was based on growth data from another area in Bolivia. In its present appearance 
the model is based on the best accessible growth data on the species and forest types in 
question. As the knowledge of local growth patterns and regeneration characteristics of the 
commercial timber species of the case study area increases it can easily be incorporated in the 
model. 
 
 
The Sustainability Analysis 
 
In the sustainability analysis, estimates were calculated of the so-called sustainable production 
potentials. The results showed that, when looking at the commercial and potentially 
commercial timber species in the case study area altogether, the current utilization levels lies 
within the limits of the sustainable production potential, and therefore the current utilization 
levels, on an aggregated species level, can be considered sustainable from a physical (in 
volume terms) and economical point of view. The current harvest levels can be expected to be 
upheld during the next cutting cycle and, presupposing adequate regeneration of the species in 
question, current harvest levels can be expected to be upheld in perpetuity. 
 
However, when looking at the four species currently composing 80% of the turn-over in the 
case study area, i.e. bibosi, ochoó, yesquero blanco, and yesquero negro, only the current 
harvest level of ochoó can be considered to be sustainable. Current harvest levels of bibosi, 
yesquero blanco, and yesquero negro all surpass the limits of the estimated sustainable 
production potentials. This is especially true for yesquero blanco and yesquero negro which 
are economically important species due to the relatively high stumpage prices. Current harvest 
levels of bibosi, yesquero blanco, and yesquero negro cannot be expected to be upheld during 
the next cutting cycle, and thus cannot be considered sustainable from an individual species 
point of view.  
 
 
Realizing the Potential of Lesser-Used Species 
 
The species group “rest” containing lesser-used species was shown to contain a large 
currently un-fulfilled sustainable production potential, nearly seven times as large as the 
current harvest levels. The realization of this potential is the key to ensure a sustainable 
harvest in the case study area. If the harvest levels of bibosi, yesquero blanco, and yesquero 
negro are adjusted according to the sustainable production limits, the loss in volume and 
economic terms may be offset by realizing the sustainable production potential of the lesser-
used species. 
 
Whether it is possible to realize the potential of the lesser-used species depends on whether 
the quality of the wood of these species is acceptable and whether a market demand exists or 
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can be expected to be developed for the species in question. As for wood quality, all species 
in the species group “rest” are considered by the company to be of a marketable quality (La 
Chonta 1998) and currently, approximately 20% of the volume harvested in the case study 
area comes from the species group “rest” (La Chonta 2003). The company already has 
experience in utilizing lesser-used species and experience is increasing.  
 
Therefore, it should be possible to incorporate the species of this species group into the 
production chain and gain marketable products. For Bolivia in general, research and 
experience in utilizing lesser-used species has been increasing rapidly over the last decade and 
today more than 100 different species are harvested for wood production (Fredericksen 2000). 
Barany et al. (2003) suggest that, in many cases, the limiting factor of utilization of lesser-
used species is not wood properties or insufficient research but rather the poor distribution of 
information to manufacturers and wood buyers. Therefore, it is required that information 
regarding wood properties is made easily accessible for the processors and buyers of the end 
products to become familiar with the currently lesser-used species. 
 
Assuming that the lesser-used species hold appropriate wood properties for the desired end 
uses the question of realizing the production potential of this group ultimately depends on 
whether these species will be accepted by the market. The most important markets for 
Bolivian forest products are the ones in of South and North America. The United States 
currently imports a variety of 99 South American timber species (Metafore 2004) and it 
remains to be seen to what extend there are room for more. Timber trading is a conservative 
business and markets are slow to change. Marketing will be of key importance to acceptance 
of new species by the market (Youngs and Hammett 2001). In the case of sawn wood it may 
be difficult for lesser-used species to compete with well known species because potential 
buyers will have a low affinity for experimenting with new species and will tend to stick to 
what is known i.e. well known trade-names. 
 
It might be easier to gain market acceptance of new species when it comes to value-added 
products especially end-products such as door and window frames because the trade-name of 
the utilized wood will be of a lesser importance compared to the general appearance of the 
product (Barany et al. 2003). Certification may also help gain access to markets that would be 
more open to incorporation of lesser-used species than the traditional markets. 
 
 
Critique of the Sustainability Analysis 
 
The results of the analysis should be viewed as indications of the reality and not as reflections 
of the exact reality because uncertainty applies since the analysis is based on relatively low 
intensity inventory data. The analysis was based on inventory data from 93 sample plots with 
an area of 1 hectare in a forest with an area of 100,000 hectares corresponding to an intensity 
of less that 0.1 %. Therefore, the results must be interpreted as indications of the reality and 
not as reality in itself. To provide some room for interpretation and to reflect the uncertainty, 
95% confidence levels were calculated of the estimates of sustainable production potentials. 
 
Also, three important assumptions must be kept in mind when interpreting the results of the 
sustainability analysis. Firstly, the sustainability analysis was based on the assumption that the 
mortality rates are 0 for trees in the diameter range from 20 cm to the minimum harvest 
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diameter. This assumption was made in order to keep the analysis simple and because no data 
exist on the mortality rates of the timber species of the case study area. Guesstimates of the 
mortality rates could have been used in the analysis but the potential improvement of the 
results of the analysis was judged to be small when taking into account the uncertainty that 
applies due to the low intensity inventory data. Accordingly, the overestimation of the 
sustainable production potentials that arises from ignoring mortality was judged to be of little 
significance compared to uncertainty of the inventory data. 
 
Secondly, the trees in the diameter range between 20 cm and the minimum harvest diameter 
were assumed to be evenly distributed across the entire diameter range. Thus, the number of 
trees per hectare in the high end of the diameter range is likely to be overestimated whereas 
the number of trees in the low end of the diameter range will be underestimated since the 
“real” diameter distribution is likely to contain a greater number of trees with a diameter of 20 
cm than 50 cm or 70 cm. This assumption is expected to result in an overestimation of the 
sustainable production potentials but again the significance was judged to be of relatively 
little significance compared to the uncertainties related to the low intensity of the inventory 
data. The assumption would have been unnecessary if the different species could be divided 
into more detailed diameter classes e.g. 10 cm diameter classes. However, due to the low 
intensity inventory data, calculations based on such a detailed diameter class division was not 
found to be justifiable.  
 
Thirdly, it was assumed that the regeneration of the species is adequate to ensure that the 
current species mix and current increment levels can be sustained in perpetuity. In the long 
run this may be an unrealistic assumption given that harvest operations will inevitably cause 
changes in the forest ecology that will favor some species and impair others. Also, Mostacedo 
and Fredericksen (1999) found that regeneration could be deemed inadequate to replace 
harvested trees for 78 percent of the commercial species in Bolivia.  
 
A likely scenario in the case study area would be that species that regenerate well in disturbed 
sites e.g. light demanding species like ochoó, verdolago (Terminalia oblonga), and serebó 
(Schizolobium parahyba) will be more and more dominant in the forest compared to shade 
tolerant species (Justiniano and Fredericksen 2000; Justiniano et al. 2001; Justiniano et al. 
2002). However, even if the composition of the forest in the long run is uncertain, the 
sustainable production potentials estimated in this study will be valid for at least the duration 
of the present and the proximate cutting cycles since they are based on sample plot data i.e. 
trees that are already present in the forest. It will be possible to adjust the future harvest limits 
as future research reveal the extend of the probable compositional changes in the forest. 
 
 
Implications for Sustainable Forest Management 
 
The results of the sustainability analysis hold some important implications for sustainable 
forest management planning. The results show the importance of incorporating lesser-used 
species in the market. The estimated sustainable production potential of the bibosi, ochoó, 
yesquero blanco, and yesquero negro i.e. the currently most important species accumulates to 
approximately 8,200 m3 per annual harvest area of 2,400 hectares (3.4 m3/ha) whereas the 
potential group of lesser-used species amounts to approximately 24,000 m3 (10 m3/ha). Also, 
the stated goal of increasing the sawmill capacity to 30,000 m3 (12.5 m3/ha) (La Chonta 1998) 
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seems to be a realistic target given that the total sustainable production potential per annual 
harvest area was estimated to approximately 32,550 m3 (13.6 m3/ha). 
 
The sustainable production potentials were calculated as estimates of the saleable volume of 
the trees that have grown above the minimum harvest diameter between the harvest 
operations. However, because the current cutting cycle represents the first “round” of logging 
in the forest, apart from the earlier creaming of mahogany, Spanish cedar, and Spanish oak, 
the forest currently holds a stock of harvestable trees above the minimum harvest diameter as 
well. The free model solution of the quantitative analysis showed that the registered stock of 
harvestable trees currently larger that the minimum harvest diameter lay in between 15,700 
and 31,100 m3 per annual harvest area (6.5 – 13.0 m3/ha). 
 
Assuming that the harvestable stock of trees larger than the minimum harvest diameter 
amounts to approximately 30,000 m3 per annual harvest area (12.5 m3/ha), the current harvest 
rates can be considered to be sustainable from a physical (in volume terms) point of view 
even from an individual species point of view. However, if the company pursues it’s objective 
of increasing the sawmill capacity to 30,000 m3 the current harvest levels cannot be 
considered sustainable on an individual species level and will have to be adjusted according to 
the sustainable production potentials. 
 
The volume of the harvestable stock and the estimates of the saleable volume of the trees that 
have grown above the minimum harvest diameter between the harvest operations are 
estimated to be equivalents. Intuitively, the volume of the stock would be expected to be 
higher. However, the stock has been deducted 20 percent to be left in the forest as seed trees. 
This has not been deducted from the sustainable production potentials since it is assumed that 
the trees left over from the stock can also be left as seed trees during the proximate cutting 
cycle. Also, trees with a diameter larger than 130 cm have been left out of the calculations of 
the stock volume, since they cannot be utilized because the sawmill is unable to saw logs 
larger than 130 cm in diameter. 
 
 
The Sustainability Analyses on a Bolivian Scale 
 
Assuming that the results of the sustainability analysis from the case study area are 
representative on a Bolivian scale, the sustainable production potential of the Bolivian forest 
concessions is estimated to approximately 0.45 m3 per hectare per year, corresponding to 13.6 
m3 per hectare of the annual harvest area using a 30 year cutting cycle or 9 m3 per hectare 
using a 20 year cutting cycle. Thus, the 5.4 million hectares of forests currently under 
concession in Bolivia is estimated to have a sustainable production potential of approximately 
2.42 million m3 of log wood per year.  
 
The harvest rates in 2002 only amounted to approximately 221,000 m3 (Superintendencia 
Forestal 2004a) and thus the current harvest rates in Bolivia, when looking at all species 
together, can be considered sustainable from a physical point of view. However, from an 
individual species point of view there may be several species that are currently being 
harvested at intensities that surpass the sustainable production potentials.  
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It is estimated that the Bolivian forests possesses a sustainable production potential of nearly 
11 times the current harvest rates. However, a substantial part of this potential constitutes 
lesser-used species and the fulfillment of the potential depends on the success of incorporating 
these species in the production chain. 
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11 Conclusion 
 
 
Regarding the Implementation of the Planning Model 
 
The implementation of the proposed planning model in the case study area revealed the 
potential of enhancing forest management planning in Bolivian concession forestry. Because 
it is possible to incorporate knowledge of the potential future harvests in the model, the 
planning horizon can be expanded compared to the current approach where the planning 
horizon is limited to one year.  
 
The harvest schedule can be optimized in order to meet the present demands of the market. 
This is likely to increase the value of the harvest. Optimization of the harvest schedule could 
include alteration of the sizes of the annual harvest areas which would prevent logging of 
unnecessarily large areas which may reduce the assortment costs. 
 
The harvest may be stabilized through integration of harvest constraints, such as non-
declining even-flow constraints, reflecting the capacity of the processing facilities. Additional 
sustainability constraints, such as harvest limits of individual species, can be incorporated to 
ensure the long term productivity of the forest. 
 
The use of the model enables the planner to conduct quantitative and economic analyses and 
to analyze the consequences of changes in input parameters e.g. changes in sales prices, 
assortment costs, volume estimates etc. Thus, the planner gains increased insight and is able 
to evaluate and compare management alternatives. In this way, the use of the model enables 
the planner to predict the future consequences of present management actions and decisions 
with a higher degree of certainty. 
 
Summarizing, the planning model could be used in forest management planning of concession 
forestry in Bolivia to improve long-term planning decisions. However, the use of the model 
requires an increased knowledge of the production foundation. Installation of permanent 
sample plots, increasing the intensity of pre-harvest inventories, and remote sensing may be 
possible means of expanding current knowledge. 
 
 
Regarding the Assessment of Whether Current Harvest Rates are in Compliance with a Goal 
of Non-Declining Even-Flow of Timber 
 
The sustainability analysis revealed that the current harvest rates in the case study area can be 
considered sustainable, on an aggregated species level, from a physical (in volume terms) 
point of view. It was estimated that the so-called sustainable production potential of timber in 
the case study area is approximately 32,550 m3 of logs per 2,400 hectares annual harvest area 
corresponding to an intensity of 13.6 m3/ha. Current harvest intensities reach approximately 
17,600 m3 of logs per annual harvest area corresponding to an intensity of 7.3 m3/ha. 
 
However, three of the four currently most important timber species in the case study area, 
namely bibosi, yesquero blanco, and yesquero negro are harvested at intensities that surpass 
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the sustainable production potentials. The sustainable production potentials of these three 
species are estimated to amount to 64% (bibosi), 34% (yesquero blanco), and 14% (yesquero 
negro) of the current harvest intensities. Thus, the current harvest levels of these three species 
cannot be considered sustainable from an individual species point of view. 
 
Current harvest intensities of bibosi, yesquero blanco, and yesquero negro cannot be expected 
to be maintained during the proximate cutting cycles and the harvest intensities would have to 
be altered in accordance with the sustainable production potentials of the individual species. 
 
The group of lesser-used species possesses a large currently not fully utilized sustainable 
production potential of approximately 24,000 m3 per annual harvest area corresponding to 10 
m3/ha or 7 times the current harvest intensity. Thus, this species group contains the potential 
to more than outweigh the loss in volume that would occur from lowering the harvest 
intensities of bibosi, yesquero blanco, and yesquero negro. 
 
However, because of the relatively low sales prices of the lesser-used species the sawmill 
capacity will have to be increased from 17,600 m3 per year to an estimated 24,000 m3 per year 
to offset the economic loss that would occur from lowering the harvest intensities of the 
relatively valuable species yesquero blanco and yesquero negro. 
 
The company goal of expanding the sawmill capacity to 30,000 m3 per year (12.5 m3/ha) lies 
within the limits of the estimated total sustainable production potential of 32,550 m3 per 
annual harvest area (13.6 m3/ha). 
 
On a Bolivian scale, the sustainable production potential of the 5.4 million hectares of 
concession forests is estimated to 2.42 million m3 of log wood per year corresponding to a 
production of 0.45 m3 per hectare per year. The harvest rates in 2002 reached only 221,000 m3 
corresponding to 0.04 m3/ha. Thus, the current harvest rates in Bolivian concession forestry 
can be considered to be in compliance with a goal of non-declining even-flow of timber. 
There may, however, be several species that are currently being harvested at intensities that 
surpass the sustainable production potentials of the individual species. 
 
It is estimated that Bolivian concession forestry contains a potential of increasing the 
production output up to 11 times, within the limits of the sustainable production potentials. 
However, a large part of this potential comprises lesser-used species and therefore the 
realization of the production potential, and the future sustainability in physical and 
economical terms of Bolivian concession forestry depend on incorporation of the lesser-used 
species in the production chain. 
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12 Closing Remarks 
 
 
This study is brought to a close by commenting on some issues raised by the conclusions.  
 
It has been concluded that the use of the planning model proposed in this study holds the 
potential of enhancing the current forest management planning in Bolivian concession 
forestry. However, the use of the model is dependent on specific knowledge about the 
production foundation that is often not available to the concessionaries. The establishment of 
permanent plots and increased inventorying are important means to provide the lacking 
information.  
 
The Bolivian Forest Law demands establishment of permanent plots in forest concessions 
(MDSP 1998, section 3.11). This study has emphasized the importance of this demand by 
showing the possible advantages that could be gained in forest management planning of 
concession forestry in Bolivia, from an increased knowledge of the production foundation. 
Today, few managed forests have established, or collected any useful data from, permanent 
plots. 
 
There are two main reasons for this. Firstly, because of the high interest rate in Bolivia the 
concessionaries are reluctant to invest in management initiatives that may not yield an 
economic benefit in the foreseeable future. Secondly, the authorities i.e. the Forest 
Superintendence, lack the necessary resources and political power to enforce existing law 
(Fredericksen et al. 2003). 
 
Therefore, we recommend that an increased effort, both from the concessionaries and the 
authorities, is made to ensure establishment and data collection from permanent plots. The 
concessionaries must move away from the traditional short-term planning and realize the 
potential benefits of long-term management planning. The power of the Forest 
Superintendence must be reinforced so that it may effectively enforce the law. The latter will 
require a political will from the highest level in Bolivia to channel resources to the Forest 
Superintendence. 
 
A large part of the production potential of the Bolivian tropical forests was concluded to 
consist of lesser-used species. In addition, it was concluded that an increased utilization of 
lesser-used species is important to keep the harvest levels in Bolivian concession forestry on a 
sustainable level on an individual as well as an aggregated species level.  
 
Previous studies have also highlighted the importance of increasing the utilization of lesser-
used species. Youngs and Hammett (2001) conclude that utilization of lesser-used species is 
of key importance in achieving sustainable use of the global forest resources. On a Bolivian 
scale, Barany et al. (2003) state that inclusion of lesser-used species is of vital importance to 
realize the large production potential of the Bolivian tropical forests and to ensure that the 
Bolivian forestry sector can contribute to the growth of the national economy. 
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This study has reiterated the importance of increasing the utilization of lesser-used species, 
and we therefore recommend that utilization of lesser-used species is given a high priority in 
Bolivian forestry. 
 
Bolivia has the potential to become one of the world’s leading producers of tropical wood. A 
prerequisite of realizing this potential is successful implementation of sustainable forest 
management principles. We hope that this study can contribute to sustainable forest 
management in Bolivian concession forestry. 
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1 Average of the annual harvest areas scheduled for the years 1998 to 2002. The areas vary from 5,396 to 5,823 hectares.  
2 Average of the annual harvest areas scheduled for the years 1997 to 2007. The areas vary from 10,950 to 11,474 hectares. 
3 Includes 5% of the area reserved for protection. Thus, for calculating the annual allowable harvest an area of 6,257 hectares is used. 
 
 

Name of Concession Location  Total Area 
(ha) 

Productive 
Area (ha) 

Harvest Rotation 
Length (years) 

Annual Harvest 
Area (ha) 

Empresa Agroindustrial La 
Chonta Ltda. 

Department: Santa Cruz 
Province: Guarayos 100,000 71,200 30 2,373 

Aserradero ”Lago Rey” Ltda. Department: Santa Cruz 
Provinces: Ñuflo de Chávez and Velasco 120,000 92,901 30 3,097 

Industria Forestal Paraguá 
Ltda. 

Department: Santa Cruz and Beni 
Provinces: Velasco and Itenez 112,954 110,102 20 5,505 

Industria Maderera ”SUTO” 
Ltda. 

Department: Santa Cruz 
Provinces: Chiquitos, Ángel Sandóval and 
Germán Busch 

100,002 79,332 20 3,967 

Aserradero Oquiriquia S.R.L. Department: Santa Cruz 
Province: Ñuflo de Chavez 124,418 57,991 20 2,900 

Aserradero SURUTU Department: Santa Cruz 
Provinces: Velasco and Chiquitos 111,731 92,004 20 4,600 

Empresa Maderera Vasber 
Internacional S.R.L. 

Department: Santa Cruz 
Provinces: Guarayos and Ñuflo de Chávez 137,781 120,999 20 6,050 

Compañía Industrial 
Maderera ”CIMAL Ltda.” 

Department: Santa Cruz 
Province: Ángel Sandoval 372,130 207,345 35 5,4991 

Aserradero San Martin, 
Aserradero Daher, Empresa 

Maderera Don Victor 

Department: Pando 
Provinces: Manuripi and Nicolas Suarez 254,283 225,355 20 11,3752 

Compañía Comercial e 
Industrial ”CIMAGRO” 

Ltda. 

Department: Pando 
Province: Abuna 146,100 131,730 20 6,5873 
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Appendix B. Forest Management Certificates and
   Chain of Custody Certificates Issued 
   in Bolivia 
 
 
Forest management certificates (Table A.1) and chain of custody certificates (Table A.2) 
issued in Bolivia. The tables are based on FSC-info (2004).  
 

Table A.1 Forest management certificates issued in Bolivia. The 13 holders of forest management certificates in Bolivia comprise 11 
forest concessions on public land, 1 communal territory, and 1 private property. 

Holder of 
Certificate Tenure Department Area (ha) FSC-Code Issue 

Date 
Expiry 
Date 

Accreditation 
Company 

CIMAL/IMR Ltda. 
(Guarayos) 

Forest 
concession on 

public land 
Santa Cruz 181,750 SW-FM/CoC-

142 15/5/2001 14/5/2006 Smartwood Program 
/ Rainforest Alliance 

Aserradero San 
Martín SRL. 

(CINMA Pando) 

Forest 
concession on 

public land 
Pando 166,228 SW-FM/CoC-

123 1/10/2000 30/9/2005 Smartwood Program 
/ Rainforest Alliance 

CIMAL/IMR Ltda. 
(Velasco) 

Forest 
concession on 

public land 
Santa Cruz 154,495 SW-FM/CoC-

036 15/3/1998 14/3/2008 Smartwood Program 
/ Rainforest Alliance 

Empresa 
Agroindustrial la 

Chonta Ltda. (Lago 
Rey) 

Forest 
concession on 

public land 
Santa Cruz 120,000 SW-FM/CoC-

050 15/10/1999 14/10/2004 Smartwood Program 
/ Rainforest Alliance 

Aserradero San 
Martin SRL 

(CINMA-San 
Martin) 

Forest 
concession on 

public land 
Santa Cruz 119,200 SW-FM/CoC-

086 1/8/1999 31/7/2004 Smartwood Program 
/ Rainforest Alliance 

Empresa 
Agroindustrial La 
Chonta Ltda. (La 

Chonta) 

Forest 
concession on 

public land 
Santa Cruz 100,000 SW-FM/CoC-

093 15/10/1999 14/10/2004 Smartwood Program 
/ Rainforest Alliance 

CIMAL/IMR 
Ltda.(Marabol) 

Forest 
concession on 

public land 
Santa Cruz 75,500 SW-FM/CoC-

260 15/5/2003 14/5/2008 Smartwood Program 
/ Rainforest Alliance 

INDUSMAR 
(Selva Negra) 

Forest 
concession on 

public land 
Pando 67,402 SW-FM/Coc-

259 15/6/2003 14/6/2008 Smartwood Program 
/ Rainforest Alliance 

Empresa SAGUSA 
SRL. 

Forest 
concession on 

public land 
Pando 66,060 SW-FM/CoC-

1095 14/12/2003 13/12/2008 Smartwood Program 
/ Rainforest Alliance 

Industria Maderera 
San Luis SRL 

Forest 
concession on 

public land 
Beni 60,588 SW-FM/Coc-

116 8/1/2000 7/31/2005 Smartwood Program 
/ Rainforest Alliance 

Territorio 
Comunitario de 
Origen Yuqui -

CIRI 

TCO Santa Cruz 51,390 SW-FM/Coc-
1178 17/3/2004 16/3/2009 Smartwood Program 

/ Rainforest Alliance 

Industria Maderera 
Pando Imapa S.A. 

Forest 
concession on 

public land 
Pando 38,000 SW-FM/CoC-

202 15/7/2002 14/7/2007 Smartwood Program 
/ Rainforest Alliance 

INPA PARKET 
Ltda. 

Private 
property Santa Cruz 29,952 SW-FM/CoC-

058 1/1/1999 1/2/2004 Smartwood Program 
/ Rainforest Alliance 

Total   1,230,565      
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Table A.2 Chain of custody certificates issued in Bolivia. Of the 17 holders of chain of custody certificates,
14 are fabrics producing various products e.g. parquet floor, furniture, doors, windows etc., 2 are
producing handicrafts, and 1 is a marketing company. 

Holder of Certificate FSC-Code Issue 
Date 

Expire 
Date 

Certified 
Products 

MEDEX S.R.L. IMO-COC-23452 4/2/2004 23/2/2009 Marketing 
BOLHOTZ S.A. SW-CoC-197 15/9/1999 14/9/2004 Various products 
Carpinteria don Fernando SW-CoC-488 15/4/2001 14/4/2006 Various products 
CIMAL / IMR (Division Industrial) SW-CoC-676 1/3/2002 28/2/2007 Various products 
CIMAL / IMR (Division Muebles) SW-CoC-034 3/1/2002 28/2/2007 Various products 
Empresa Agroindustrial la Chonta Ltda. (Lago Rey) SW-CoC-284 15/4/2000 14/4/2005 Various products 
Ever Green Bolivia Srl. SW-CoC-300 15/5/2000 14/5/2005 Various products 
INPA PARKET Ltda. SW-CoC-759 15/8/2002 14/8/2007 Various products 
JOLYKA Bolivia Srl. SW-CoC-021 20/12/2001 19/12/2006 Various products 
Maderera Boliviana EtienneS.A. (MABET S.A.) SW-CoC-563 1/9/2001 31/8/2006 Various products 
Martinez UltraTech Doors Ltda. SW-CoC-277 15/22000 14/2/2005 Various products 
Sociedad Agroforestal Santa María Ltda. SW-CoC-712 24/5/2002 23/5/2007 Various products 
Sociedad Boliviana Maderera Sobolma SRL SW-CoC-933 15/5/2003 14/5/2008 Various products 
Taller Artesanal Bolivia  SW-CoC-875 1/2/2003 31/1/2008 Handicrafts 
Taller Artesanal Hermanos Guasase SW-CoC-876 2/2/2003 31/1/2008 Handicrafts 
Tecnocarpintería Amazonas SW-CoC-604 15/11/2001 14/11/2006 Various products 
Tecnocarpintería San Pedro SW-CoC-508 15/5/2001 14/5/2006 Various products  
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Appendix C. Bibosi (Ficus sp.) 
 
 
The information in this appendix is derived from Fredericksen et al. (1998) and CADEFOR 
(2004b)  
 
Bibosi is a gathering name for trees of the genus Ficus which comprises more than 900 
different species worldwide. Around 150 different species are found in South America. 
Bibosis exist in a variety of life forms from hemi-epiphytes to non epiphytic trees. The 
species utilized for commercial use in Bolivia are first of all the non epiphytic Ficus glabrata 
(bibosi colorado), Ficus insipida, and Ficus maxima. Other common species of bibosi in 
Bolivia, although only occasionally used commercially, are the hemi-epiphytes Ficus 
gomelleira and Ficus catappifolia.  
  
The bibosis are important components of the complex ecosystem in the tropical forests. In 
Bolivia its wood serves as a source of timber and a large number of frugivors depend to some 
extent on its fruits as a source of alimentation. In times of scarcity of other alimentation the 
bibosi fruit can be vital to some frugivors. Thus, commercial use of the bibosis may cause a 
reduction of frugivors. The bibosis are dependent on a fig wasp for pollination and 
reproduction. For almost every single species of bibosi there is a specific species of wasp. 
This makes the bibosis vulnerable to population collapse when low in density and excessive 
utilization of local populations may cause their extinction.   
  
SPECIES IDENTIFICATION (of Bibosi colorado) 
Scientific name Ficus glabrata H.B.K.  
Family   Moraceae  
Bolivian name Bibosi colorado 
Commercial name  Fig tree  
Distribution in Bolivia    Very frequent in Choré, Bajo Paraguá, Guarayos, Amazonian 
  foothills  
  
TREE DESCRIPTION  
Treetop   Large, parasol-shaped, light green foliage, simple alternate leaves,
  evergreen  
Trunk   Conical and uniform, commercial heights up to 50 m, diameter up  
 until 4 m  
Bark  Gray color, coarse texture, exudes white latex  
 
GENERAL FEATURES  
Sapwood Color  Pale yellow   Heartwood Color  Light brown  
Odor   Indistinct   Taste  Indistinct  
Luster   Medium   Grain   Interlocked  
Texture   Medium  
  
PHYSICAL PROPERTIES  
Moisture content (Green lumber)  95 %  
Basic density  0.48 g/cm3  
Density (12% moisture content)  0.59 g/cm3  
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Radial shrinkage   3.6 %  
Tangential shrinkage   7.4 %  
Volumetric shrinkage   11.1 %  
Rate T/R    2.1 stable wood 
  
MECHANICAL RESISTANCE  
Modulus of elasticity   72,000 kg/cm2  
Modulus of rupture   475 kg/cm2  
Compression parallel to grain  393 kg/cm2  
Quarter sawed   74 kg/cm2  
Lateral hardness   323 kg  
Impact bending   1.03 kg-m  
 
TECHNICAL CONDITIONS FOR PROCESSING  
Machining   Plane, molding and turning is good to excellent. Boring, sanding 
  and finishing are good. Blunting effect is low  
 
END USES  
Doors, windows, furniture, construction, plywood 
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Appendix D. Ochoó (Hura crepitans) 
 
 
The information in this appendix is derived from Justiniano and Fredericksen (2000) and 
CADEFOR (2004b). 
 
The ochoó (Hura crepitans) is the only representative of the genus Hura in Bolivia. The 
species dominates large parts of the humid and semi-humid neo-tropical forests, especially in 
the Amazon Basin. The ochoó is semi-deciduous to deciduous, very leafy, and often appears 
as a very large trees with heights of 40-45 m or more, diameter at breast heights of 100 cm or 
more, and up until 2500 m2 of crown cover. Thus, the ochoó is often dominating the upper 
crown layers. The ochoó has been utilized in Central America and the Caribbean for about 40 
years and in Bolivia for about 30 years. The utilization has been limited due to the softness of 
the wood and its susceptibility to fungi. These characteristics require special attention in the 
process of drying, fumigation, and storing. As a consequence of the establishment of 
laminating companies in Santa Cruz (ochoó has good characteristics for gluing) and the 
diversity of products made from ochoó (doors, windows, furniture, gates, coffins etc.) the 
price and demand (especially export) has increased. 
           
A special characteristic of ochoó is its sap. The sap provokes inflammation of the eyes, ulcers 
or allergic reactions when in contact with eyes, mucous membranes or skin. Also, the cortex 
ought to be removed before sawing because the sap blunts the saw. In pre-Columbian times 
the sap was used for poisoning the water when fishing. In spite of the toxicity of the sap, the 
wood has a low resistance to humidity and is therefore susceptible for fungi, termites, and 
other insects.  
 
SPECIES IDENTIFICATION  
Scientific name  Hura crepitans L.  
Family   Euphorbiaceae  
Bolivian name Ochoó 
Commercial name Possumwood 
Other names  Hura, Assacu, Sandbox, Sapwood  
Ecological distribution  Transition from humid tropical forest to humid sub-tropical forest. 
Distribution in Bolivia  Provinces of Santa Cruz, Beni, Cochabamba, La Paz y Pando. 
  Very frequent in Guarayos, Choré and Amazonian foothills  
 
TREE DESCRIPTION 
Treetop   Large, intense green foliage, alternate leaves 
Trunk   Conical and uniform, commercial heights up to 50 m 
Bark   Light brown to grayish, smooth texture; it exudes caustic latex, 

 which is dangerous for the eyes and can cause ulcers and allergic 
 reactions when in contact with mucous membranes or skin. 

   
GENERAL FEATURES  
Sapwood color  White  Heartwood color  Light yellow  
Odor   Indistinct  Taste   Caustic / alkaline  
Luster   Medium  Grain   Straight to Interlocked  
Texture   Medium  
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PHYSICAL PROPERTIES  
Moisture content (Green lumber)  84 %  
Basic density   0.44 g/cm3  
Density (12% moisture content) 0.55 g/cm3  
Radial shrinkage   3.9 %  
Tangential shrinkage   5.7 %  
Volumetric shrinkage   9.7 %  
Rate T/R    1.5 stable wood  
 
MECHANICAL RESISTANCE  
Modulus of elasticity   99,000 kg/cm2  
Modulus of rupture   685 kg/cm2  
Compression parallel to grain  445 kg/cm2  
Quartered sawed   81 kg/cm2  
Lateral hardness   364 kg  
Impact bending   1.88 kg-m 
 
TECHNICAL CONDITIONS FOR PROCESSING  
Machining   Machines easily (planing, molding, sanding, boring and turning) 
  and finishes well, but it may have tension wood zones that produce  
 fuzzy and torn surface in planing. It also weathers very well and   has 
very well to excellent gluing properties. Low blunting effect. 
Preservation  Rather permeable  
Natural durability  Low durability. Is moderately permeable, good absorption. The 

wood is susceptible to blue stain. 
Drying    Kiln Drying Schedule: USA T6-D2(4/4,5/4,6/4); USA T3-D1  (8/4); 
British Schedule E (4/4, 5/4, 6/4). 
 
END USES  
Doors and door frames, windows frames, furniture, veneer, crating, construction, moldings, 
coffins, boxes, fiber boards, particle boards, toys, plywood, and joinery 
 
 



Appendix E 

 A-8

Appendix E. Yesquero blanco (Caraniana 
ianarensis) 

 
 
The information in this appendix is derived from Justiniano and Fredericksen (1999) and 
CADEFOR (2004b). 
 
Until 1999 both yesquero blanco and yesquero negro were in spite of clear morphological 
differences categorized as a single species (Caraniana estrellensis). Yesquero blanco was 
categorized as an independent species due to a new registering of the Bolivian flora. 
 
Yesquero blanco is a semi deciduous tree reaching diameters at breast height of 
approximately 130 cm and heights of about 37 m. Mature trees are co-dominants of the upper 
crown layers. Characteristic for yesquero blanco is its cylindrical, hollow and durable fruits. 
Another special characteristic is the strong fibers of the inner cortex. The fibers are used for 
making rope.    
 
Since the mid 1990’s yesquero blanco has been an important species for a large part of the 
wood manufacturing companies in Santa Cruz though the species is poorly known in the 
country because of its restricted distribution and confusion with yesquero negro. Thanks to a 
relatively high abundance, the dimension of the trees and the quality of the wood yesquero 
blanco is considered as a valuable species. In combination with its relatively fast growth in 
comparison with other timber tree species yesquero blanco is suitable for sustainable 
utilization in Bolivian forestry.    
 
SPECIES IDENTIFICATION  
Scientific name  Cariniana ianarensis R. Knuth  
Family   Lecythidaceae  
Bolivian name Yesquero blanco 
Commercial name  Jequitiba, Yesquero blanco  
Distribution in Bolivia  Frequent in Guarayos  
 
TREE DESCRIPTION  
Treetop   Small size, light foliage, simple- alternate leaves  
Trunk   Conical and uniform 
Bark   Corrugated with large thin plaques  
   
GENERAL FEATURES  
Sapwood color  Pale brown  Heartwood color Pale brown to yellowish  
Odor   Indistinct  Taste  Indistinct  
Luster   Medium  Grain   Straight to interlocked  
Texture   Medium superposed arches    
   
PHYSICAL PROPERTIES  
Density (12% moisture content)  0.78 g/cm3  
Radial shrinkage   3.9 %  
Tangential shrinkage   8.4%  
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Volumetric shrinkage   13.8 %  
 
MECHANICAL RESISTANCE 
Modulus of elasticity   148,000 kg/cm2  
Modulus of rupture   1316 kg/cm2 
Compression parallel to grain  593 kg/cm2  
Lateral hardness   604 kg  
 
TECHNICAL CONDITIONS FOR PROCESSING  
Machining   Easy machining. Plane, molding, sanding, boring, turning and 
 finishing good.  
Preservation Permeable  
Natural durability  Low durability  
Drying   Air drying is rather quick. Risks for twisting and curving. A severe kiln 

schedule is recommended. T3-D2 and T3-D1 (USA).  
 
END USES 
Doors and flooring  
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Appendix F. Yesquero negro (Cariniana 
estrellensis) 

 
 
The information in this appendix is derived from Justiniano and Fredericksen (1999), 
CADEFOR (2004b), and BOLFOR (2004). 
 
Of the genus Cariniana, yesquero negro has the widest distribution in the neotropics. Despite 
morphological differences the growth patterns of yesquero negro are quite similar to the 
growth patterns of yesquero blanco.  
 
 
SPECIES IDENTIFICATION  
Scientific name  Cariniana estrellensis (Raddi) Kuntze 
Family   Lecythidaceae  
Bolivian name Yesquero negro 
Other names Albarco, Jequitiba, Jequitibá-rosa, Estopeir, Papelillo caspi, 
 cachimbo caspi, Kai kay'gua, Abarco   
Ecological distribution Very humid and humid, sub-tropical forest. 
Distribution in Bolivia  Provinces of Santa Cruz, Beni, Pando, Cochabamba and La Paz. 

Frecuent in Bajo Paraguá, Guarayos, Choré, Amazonian foothills 
and Amazonia  

 
TREE DESCRIPTION  
Treetop   Round and large size, intense green foliage, simple-alternate 
 leaves  
Trunk   Conical and uniform 
Bark   Blackish color, corrugated, with large thin plaques  
  
GENERAL FEATURES  
Sapwood color  Light pink/grey Heartwood color  Pale pink to  

   brown/grey  
Odor   Similar to vanilla  Taste   Indistinct  
Luster   Medium   Grain   Straight to  
    interlocked  
Texture   Medium  
  
PHYSICAL PROPERTIES  
Moisture content (Green lumber)  69 %  
Basic density   0.56 g/cm3  
Density (12% moisture content)  0.68 g/cm3  
Radial shrinkage   4.4 %  
Tangential shrinkage   7.2 %  
Volumetric shrinkage  11.5 %  
Rate T/R    1.6 stable wood  
 
MECHANICAL RESISTANCE  
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Modulus of elasticity   107,000 kg/cm2  
Modulus of rupture   846 kg/cm2  
Compression parallel to grain  514 kg/cm2  
Quartered sawed   99 kg/cm2  
Lateral hardness   735 kg  
Impact bending   2.97 kg-m  
 
TECHNICAL CONDITIONS FOR PROCESSING  
Machining  Easy to process mechanically, good to very good machining properties, 

good and smooth surface finish and stable, fair to good splitting resistance in 
nailing and screwing, very good to excellent  nail and screw holding ability, 
good to very good gluing  properties.   

Preservation  Permeable  
Natural durability   Wood is difficult to treat. Natural durability is good, especially 

when not in contact with soil, and resistant to dry-wood termites.  
Drying    Kiln drying schedule: USA T3-D2 (4/4,5/4,6/4), USA T3-D1  (8/4); 
British Schedule D: (4/4,5/4,6/4). 
 
END USES  
Doors, windows, windows frames, furniture, flooring, parquet, veneer, moldings, turnery, 
cabinetry, coffins, tool handles, athletic equipment, musical instruments, matchsticks, and 
pencils  
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Appendix G. List of Species Included in the 
Species Group “Rest” 

 
 
The species group “rest” is composed by the following species: 
 
Ajo ajo - Gallesia integrifolia (Sprengel) Harms 
Ajunao - Pterogyne nitens Tul 
Blanquillo - Ampelocera ruizii Klotzsch 
Coquino - Ardisia cubana A.DC. 
Guayabochi - Calycophyllum spruceanum Benth. 
Hoja de yuca - Ceiba spp. 
Jichituriqui - Aspidosperma polyneuron Müll.Argentina 
Mani - Sweetia fruticosa Spreng. 
Mapajo - Ceiba pentandra (L.) Gaertner 
Momoqui - Caesalpinia pluviosa DC. 
Mora - Morus alba L. 
Ocorocillo - Oxalis Grisea  
Ojoso colorado - Pseudolmedia laevis (Ruiz & Pav.) JF Macbr. 
Pacay - Inga edulis Martius 
Paquió - Hymenaea courbaril L. 
Sauco - Zanthoxylum rhoifolium Lam 
Serebo - Schizolobium parahyba (Vell.) Blake 
Tajibo - Tabebuia impetiginosa (Mart. Ex DC.) Standley 
Tarara - Centrolobium microchaete 
Verdolago - Terminalia oblonga (Ruiz & Pavón) Steudel 
Yesquero colorado - Cariniana domestica (Mart.) Mires. 
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Appendix H. Minimum Demands for the Content of 
General Forest Management Plans 

 
 
Based on MDSP (1998). 
 

1. Introduction 
a. Title page 
b. Statement of responsibility 
c. Abstract   
d. Table of contents 
e. Cartographic information (maps) 

 
2. Justification of the Company 

 
3. General Description 

a. Biophysical aspects 
i. Infrastructure and access  

ii. Current land use 
iii. Geology  and soil 
iv. Climate 
v. Ecological zoning 

vi. Interferences and disturbances (current and previous) 
vii. Characteristic fauna for the region 

viii. Hydrography 
 
4. Socioeconomic and Demographic Aspects 

a. Human-enforced pressure on the concession and its impacts on the 
management 

b. Indigenous communities and farmers with relation to the concession 
c. Quantity and quality of the available workforce 
 

5.  Objectives 
a. Objectives of the management in accordance with the management proposed in 

the following chapters 
  
6. Background Information for the Proposed Management 

a. Structure and composition of the forest 
b. Analysis of the inventory and the minimum harvest diameter 
c. Management system and method for regulations  
 

7. Classification  
a. Administrative divisions 
b. Harvest rotation length 
c. Key species 
d. Estimation of annual harvest intensity 
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8.  General Dispositions Concerning the Utilization 
a. Necessary actions related to the utilization 
b. Roads  
 

9. General Dispositions Concerning Non-Wood Products 
 
10. General Dispositions Concerning the Silviculture 

 
11. Necessary Actions for the Administration of Management Units 

 
12. Duration and Revision of the Plan  
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Appendix I. Outline of the Annual Operational 
   Forest Plan of La Chonta 
 
 
Below follows the outline of the 2003 annual operational forest plan of the La Chonta 
concession (La Chonta 2003a). 
 

1. Introduction 
 
2. Objectives 

 
3. Planned Activities 

a. Inventory of the annual harvest area 
b. Harvest activities 

 
4. Sawmill and Drying Facilities 

a. Sawmill 
b. Drying 
 

5. Personnel 
a. Sanitary facilities 
b. Instruction/education 
c. Promotion 
 

6. Relations to Other Institutions 
 
7. Research 

 
8. Appendices  

a. Timetable for the scheduled activities 
b. Map showing previous and scheduled annual harvesting areas 
c. Abstracts of ongoing and previous projects carried out by BOLFOR (Proyecto 

de Manejo Forestal Sostenible) 
d. Terms of reference for conducting inventories of the annual harvesting areas 
e. Terms of reference for the harvest operations 
f. Nomenclature and numbering of the sawn wood 

 


