
ABSTRACT 

KANIESKI DA SILVA, BRUNO. Market Imperfections and Competitive Practices in the Forest 
Sector: From International Trade to Regional Timber Prices Dynamics. (Under the direction of 
Dr. Frederick W. Cubbage and Dr. Robert C. Abt). 

 
Forest market is composed of a complex web of heterogeneous stakeholders trading a 

range of products and services. Governments and private corporations have a strong interest on 

the effects of regulations and market structure on supply and demand of timber and non-timber 

products. This dissertation analyzes three topics on forest market: (i) The impact of forest 

certifications on international trade, (ii) spatial transmission of pulpwood stumpage prices in the 

U.S. South and (ii) oligopsony and market power on pulpwood in the U.S. Forest Certification 

(FS) is a volunteering market initiative to improve accountability in the management of forest 

resources. The economic benefits of FC are however unclear; the increase in costs due to new 

regulations required by the certification schemes might overcome any additional revenue and 

marketing advantages. In addition, product standards like FS also could restrict access to 

international markets and work as a Non-Tariff Barrier (NTB). Using a gravity equation, we 

analyze the role of different forest certifications affect the flow of forest products. Our results 

indicate FS can facilitate the trade of forest products, mainly when forest goods are imported by 

high-income countries. In the second topic, we investigate the dynamics of pulpwood stumpage 

prices in the U.S. South as well as the drivers of pulpwood market cointegration. We adopted a 

Smooth Transition Autoregressive Model (STAR) to study pulpwood prices behavior after 

external shocks and market linkages over time. The findings indicate that the pulpwood market is 

not only composed of market clusters but also these clusters are linked and unlinked over time; 

this market linkage is strongly affected by the distance and their timber market size. In the third 

and last topic, the oligopsony power of pulpmills in the Southern and Northern states of the U.S. 



was investigated. We estimated the Conjectural-Elasticity (CE) using a translog cost function 

and firm level data for delivered pulpwood prices in the Southeast and Northeast and aggregate 

data for stumpage prices in the Southeast. The price elasticities and elasticities of substitution as 

well as the welfare effect of oligopsony were estimated from the translog coefficients. Pulpmills 

have oligopsony power in every market studied; Northern firms have greater market power in 

comparison to Southern pulpmills. Stronger evidences of oligopsony power is also found on 

delivered pulpwood prices than in the stumpage prices in the Southeast U.S.  
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Chapter 1 :  Introduction 

1. Forest Resources and Markets   

The interaction between consumers and firms are an enduring subject of study among 

economists and social scientists. As first noted by Adam Smith (1776) individuals endeavor to 

maximize their utility by optimally allocating their income into the consumption of goods, 

whereas firms allocate their production to receive the highest return from their investments. This 

complex and dynamic relation reach an equilibrium when the quantity consumed and supplied 

are at the same level. At this point, firms and consumers voluntarily agree about the price of 

exchange of good and services.  

From this definition of markets, a massive literature in economics was developed and 

divided into many branches, from macroeconomics and finance to microeconomics and 

behavioral economics. Forest economics is an additional branch of economics science that 

studies the relationship between society and the direct and indirect benefits from natural 

ecosystems, including timber and nontimber products. Forest resource economists have therefore 

a large field where they can test economic theories and propose policies to enhance forest 

conservation and production.  

The challenges faced by forest resource economists are, among others, the long-term 

commitment and to balance preservation and production goals of forest resources. Historically, a 

perfect balance is not common; many civilizations explored forest products in an unsustainable 

fashion. Many of who somehow foresaw the importance of preserving forestland prevailed 

whereas others did not have the same luck and vanished, (e.g., Marsh 1864). In the recent  

centuries though, the impact of misallocation of natural resources has become global, 

extreme temperatures break records year after year, and natural disaster have become more 
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frequent. There is a consensus among the scientific community that restoring forestland and 

reducing deforestation are among the best solutions to mitigate the effects of climate anomalies.  

To address large-scale issues though, local approaches could trigger a chain reaction that 

eventually could scale up to a global proportion. Hence it has become essential to understand the 

minutiae of the market structure and the main components of the forest sector in different levels 

to build a strong foundation for decision makers. This thesis contributes to this large subject by 

focusing on three essential aspects of forest resources management: (i) Forest Certification: non-

tariff barrier or trade incentive, (ii) Spatial price transmission and structural change in the 

stumpage prices and, (iii) Oligopsony power in the U.S. the pulpwood market.  We briefly 

describe each one in the next topics; the goal is this section to give a small flavor to the reader 

about the upcoming chapters.  

 

2. Forest Certification: Non-Tariff Barrier or Trade Incentive 

International trade is often discussed directly or indirectly in the news. Globalization has 

linked humankind in a way never expected before. Between 1995 and 2014 there was an increase 

of 313% (from $1,179 to 4,872 billion) in exports of commercial services and 267% (from 

$5,168 to $19,002 billion) in merchandise exports worldwide (WTO 2015). During the same 

period, the ratio of trade to GDP expanded from 20% to 30%, bringing more benefit for producer 

and consumers. 

Economists agree that free trade usually improves the overall welfare of all partners 

involved. The interest in international trade has growth after David Ricardo’s publication on 

comparative advantage (Ricardo 1817). According to Ricardo, comparative advantage is the 

capacity of an economy to produce goods or services at a lower opportunity cost than the trade 
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partners. Countries, therefore, export goods which they have a comparative advantage and vice-

versa.  

Production factors like labor, capital and land define the goods traded. Regions with 

abundant and cheap labor tend to export labor-intensive goods, whereas countries rich in capital 

tend to export capital-intensive goods. Of course, this dynamic is intensified by political 

interventions and a complex supply chain, where many components are produced in more than 

one country. In the forest sector, countries with large areas of suitable land (forest endowment) 

are the ones with higher ability to produce and export forest products.  

Many studies have shown a positive effect of forest endowment on the export of forest 

products. For instance, Uusivuori and Tervo (2002) indicated that an increase of one percent of 

roundwood production increases the ratio between exports to imports of industrial roundwood 

and an aggregated of forest products in 0.74% and 0.86% respectively in the OECD-countries 

between 1977 and 1998.  Similar results are also found in Europe (Koebel et al. 2016) and a 

worldwide analysis (Bonnefoi and Buongiorno 1990).   

The flow of forest products across different countries have expanded the integration 

among markets, but also, alerted conservationists regarding the environmental spillovers of trade.  

Studies on free trade and sustainable forest management have mixed results. Ferreira (2004) 

found an inverse relationship between trade and deforestation after interacting with indices of 

government quality; strong government combined with free trade would then reduce 

deforestation. On the other hand,  Rodrigues and Nunes (2016) indicate that trade has a positive 

relation with deforestation in the Brazilian Amazon. These studies, however, have not assessed 

the direct effect of forest products trade and deforestation. Both studies aggregated primary 

goods; it is not clear if the deforestation drivers are from agriculture and timber good exports.  
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To improve accountability in the international trade of forest products and promote 

sustainable forest management, conservationists have built a system to certify the timber and 

nontimber products supply chain and guarantee they are from a sustainable managed forest. The 

two main Forest Certification (FC) schemes are Forest Stewardship Council (FSC) and 

Programme for the Endorsement of Forest Certification (PEFC). In countries where government 

institutions are constantly supervising the timber management practices, FC has not changed 

forest practices as much as in countries where environmental governance is weak.  

FC can improve the products supply chain by building credibility and improving the 

environmental process (e.g., Awang et al. 2015); however, ecological labels are also often 

criticized because they might act as a non-tariff trade barrier (Rytkonen 2003). Producers must 

adapt to regulation often more rigid than local laws, thereby increasing costs and diminishing 

their comparative advantage in the global market.  

In the second chapter, we investigate the impact of FC in the international trade of forest 

products. We hypothesize that FC has a larger effect on the international trade of primary timber 

products (e.g., roundwood) than in products with greater value-added (e.g., paper and lumber). 

We also analyzed the influence of income and the forest type on the trade of forest product. The 

results indicated mixed outcomes, while FC facilitated trade when both countries have part of 

their companies certified, it has a negative effect when companies in only one of the bilateral 

partners are certified. Regarding countries wealth status, high-income countries are more likely 

to import certified products than their developing ones and tropical regions are more likely to 

export certified timber products than otherwise. Overall, FC does not act as a Non-Tariff 

Product, on the contrary, policymakers and certification schemes should work on decrease costs 

and use FC as a tool to expand producer markets and guarantee sustainable forest management.  
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3. Spatial price transmission and structural change in the stumpage prices 

In the third chapter, we investigate the spatial patterns on the timber market in the U.S. 

South. We study the spatial market linkage and price transmission of stumpage pulpwood by 

analyzing the structural changes in the pulpwood market over time. Our hypothesis is the linkage 

between markets is non-linear, and prices move at different speed after external shocks.  

Price transmission has the same definition as price co-integration; both refer to market 

linkages. Two markets are co-integrated if at least the price in one region is affected by price 

movements in other regions (Fackler and Goodwin 2001). Having this information is essential to 

forest landowners and timber consumers to forecast prices. Previous studies have shown 

stumpage prices are cointegrated across regions in the U.S. South (Hood and Dorfman 2015; 

Prestemon and Holmes 2000; Yin, Newman, and Siry 2002). However, macroeconomic 

conditions and industrial investments might change the cointegration process over time.  

For instance, the US South has been among the leading wood pellets suppliers to 

European power plants. Between 2012 and 2016, wood pellet exports from the US to Europe 

went from $267 million to $607 million (US Census Bureau 2017). At the same period, 16 new 

pellet mills were installed in the US South, which if added to the plants under construction, can 

achieve the potential to produce 7.4 million metric tons of pellets or 17.12 million tons of wood 

fiber (Forest2Market 2015).  

Another effect that is less explored by forest economists is the possible structural changes 

on timber market caused by the pellet facilities. Sudden shocks on demand or supply might 

change market linkages, generating opportunities for riskless profits and misinforming economic 

agents. Among others, distance, volume and market concentration have strong effect on 

cointegration of pulpwood and sawlogs (Bingham et al. 2003).  
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Our study does not impose linearity on prices relationship often assumed in previous 

research on stumpage prices. A common practice is to adopt a regime shifting model to capture 

this non-linear behavior. Regime shifting models assume prices do not follow the same 

correlation over time; these models estimate more than one regime in the data generating process 

in contrast to the simple linear models.  

To clarify how regime shifting process, consider the panel (A) in the Figure (1.1), it is 

reasonable to say 𝑦𝑦 has an “predictable” behavior with ups and downs. In Panel (B) on the other 

hand 𝑦𝑦 “jumps” often from the average trend; these extreme values can be modeled by adding a 

threshold in the model to shift regimes once activated.  

Panel (B) in Figure (1.1) could be estimated for instance by the Equations (1.1).  

 

𝑦𝑦𝑡𝑡 =  �
𝜑𝜑0,1 +  𝜑𝜑1,1𝑦𝑦𝑡𝑡−1 (1 − 𝐼𝐼[𝑦𝑦𝑡𝑡−1 > 𝑐𝑐])  +  𝜀𝜀𝑡𝑡   𝑖𝑖𝑖𝑖 𝑦𝑦𝑡𝑡  ≤ 𝑐𝑐
𝜑𝜑0,2 +  𝜑𝜑1,2𝑦𝑦𝑡𝑡−1 (𝐼𝐼[𝑦𝑦𝑡𝑡−1 > 𝑐𝑐])    + 𝜀𝜀𝑡𝑡           𝑖𝑖𝑖𝑖 𝑦𝑦𝑡𝑡  > 𝑐𝑐                              (1.1) 

 

Equation (1.1) is a Self – Exciting Threshold Model (SETAR) composed by an Autoregressive 

Model (AR) of order (1) in 2 regimes. 𝐼𝐼[𝑦𝑦𝑡𝑡−1 > 𝑐𝑐] is an indicator function with  𝐼𝐼[𝑦𝑦𝑡𝑡−1 > 𝑐𝑐] = 1 

if the event that trigger the regime shift occurs and 𝐼𝐼[𝐴𝐴] = 0 otherwise. 𝜀𝜀𝑡𝑡   are assumed to be an 

i.i.d. white noise sequence. Clearly, the predicted value (𝑦𝑦𝑡𝑡� ) depends on the threshold value 𝑐𝑐 to 

shift regime.  

In the third chapter, we use a more gradual transition than the indicator function 

 (𝐼𝐼[𝑦𝑦𝑡𝑡−1 > 𝑐𝑐])   in Equation (1.1). We substituted the indictor function (𝐼𝐼[𝑦𝑦𝑡𝑡−1 > 𝑐𝑐]) by a 

continuous function called 𝐺𝐺(𝑠𝑠𝑡𝑡; 𝛾𝛾; 𝑐𝑐), where 𝐺𝐺(. ) could be a logistic or exponential function, 𝑠𝑠𝑡𝑡 

is the transition variable, 𝛾𝛾 the smoothness of the change between regimes and 𝑐𝑐 can be 
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interpreted as the threshold between regimes. Under these changes, Equation (1.1.) becomes a 

Smooth Transition Autoregressive Models (STAR).  

 The crucial part is to estimate STAR models is to define the variable that best represents 

the threshold and the way it shifts among regimes. Threshold variables can be exogenous or 

endogenous to prices; it depends on the research question and the economic rationality. In our 

research, we are interested in studying the change in regimes between a pair of the market. We 

choose the Smooth Transition Autoregressive model (STAR) since pulpwood market is 

heterogeneous and structural changes, like cointegration, tend to be smooth over time. Also, the 

STAR model can also capture discrete changes (e.g., hurricanes, wild fires etc…) as in the 

threshold models.   

Our contribution to the forest science goes from using a more disaggregate and updated 

pulpwood stumpage prince in the U.S. South to a non-linear model approach where linkages 

between markets can be captured over time other than only testing it as in the traditional 

autoregressive model. A logistic model was fitted to estimate market linkages as a function of 

market distances, industry concentration and capacity of pellet wood production. Results show 

that US South is composed of different market clusters and their configuration varies over time. 

Distance and Wood Pellet production capacity are the only factors driving market linkages; the 

Pulp and Paper industries did not affect market structure changes. Our research suggests spatial 

price transmission varies over time and pellet mills have not caused a structural change in the 

pulpwood market in the US South. 
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4. Oligopsony power in the pulpwood market   

It is relatively simple to disprove the assumption of perfectly competitive markets. There 

are very few markets where either an individual or a group of suppliers or consumers cannot 

affect prices. In the U.S. South and Scandinavian countries, forest markets have a natural 

oligopsony structure, with few buyers and many suppliers (e.g., Brannlund 1989; Murray 1995). 

This characteristic is more evident in the pulpwood market which in pulpmills investments are 

capital intensive and transportation is expensive relative to the pulpwood value. There therefore 

stronger incentives for the pulpmills to reduce costs by exercising their market power.  

Figure 1.2 – A shows how a monopolist determines prices. In a competitive environment, 

companies would consume 𝑋𝑋𝑝𝑝𝑤𝑤 and pay 𝑤𝑤𝑝𝑝𝑤𝑤 for an input. However, since there are no 

competitors, a monopsonist would set prices where the Marginal Resource Costs (MRC) equals 

the Supply Curve (S) (𝑤𝑤𝑝𝑝𝑤𝑤), instead of where Marginal Resource Costs equals the Marginal 

Revenues of Pulpwood(𝐷𝐷𝐷𝐷𝑚𝑚𝐷𝐷𝐷𝐷𝐷𝐷 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷 −  𝑀𝑀𝑀𝑀𝑃𝑃𝑀𝑀). The monopsony price (𝑤𝑤𝑝𝑝𝑤𝑤) and quantity 

(𝑋𝑋𝑝𝑝𝑤𝑤) are lower than in the competitive levels. Also, the welfare effect would be a reduction of 

producer surplus (area A and C), increase of consumer surplus (Area A minus B), and the total 

social loss would be the area of B plus C.  

This straightforward representation of monopsony becomes more complex in a spatial 

framework. For instance, in equilibrium, landowners located near pulpmill 𝑖𝑖 would receive 

higher stumpage prices (𝑚𝑚𝑖𝑖) because of the lower transportation costs (Figure 1.2 – B). Prices 

would decrease as the distance between the plant and pulpwood stocks increases. However, at a 

distance 𝐷𝐷(𝑖𝑖,𝑖𝑖), producers would have an option to negotiate prices with pulpmill 𝑗𝑗, since the 

market of  𝑖𝑖 and 𝑗𝑗 overlaps, prices would be in a more competitive environment and pulpwood 
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consumption in 𝑖𝑖 would depend not only on distance but also on the consumption decisions of 

pulpmill 𝑗𝑗.  

Pulpmills, therefore, have a natural oligopsony power which varies according to location, 

mills capacity, and stock of pulpwood. The assessment of market power often is done by 

estimating the conjectural elasticity. Conjectural elasticity is the changes caused by one firm on 

the overall market quantity. The higher the conjectural elasticity, the higher the market power.  

In the fourth chapter, we estimated the conjectural elasticity of pulpwood market on three 

different frameworks: (i) Southeast U.S. at the mill (Softwood), (ii) Northeast U.S. at the Mill 

(Hardwood), and (iii) Southeast Stumpage Prices (Softwood). We estimated the conjectural 

elasticity, elasticities of substitution and price elasticities from a translog cost function in the 

Southeast and the Northern States. Our dataset is composed of price and quantity consumed of 

Labor, Energy, Chemical Products and Wood at firms’ level from Q4/2016 to Q4/2017. The 

results reveal that oligopsony power in the Northern States is higher than in the Southeast. 

Conjectural elasticities have non-linear relation with Herfindahl-Hirschman Index (HHI) market 

power index. Price and elasticities of substitution also presented different values between 

Southeast and the Northern States; pulpwood price elasticity delivered to the mill was much 

more elastic in the North than in the pulpwood market in the South. 
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5. Figures and Tables 

 

Figure 1-1 (A) Simulated Autoregressive Model – Data Generating Process. (B) 

Simulated Threshold Autoregressive Model – Data Generating Process. 
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Figure 1-2 (A): Representation of the Welfare Losses in a monopsony market. MEW = 

Marginal Expenditure of Pulpwood, MRPW = Marginal Revenue of Pulpwood, D = Pulpwood 

Demand, S = Pulpwood Supply, 𝑤𝑤𝑤𝑤𝑖𝑖 = pulpwood price at MRC equals MRP, 𝑤𝑤𝑝𝑝𝑤𝑤 = pulpwood 

price at competitive market, 𝑤𝑤𝑚𝑚𝑤𝑤 = pulpwood price at monopsony market, 𝑋𝑋𝑚𝑚𝑤𝑤 = quantity of 

pulpwood at monopsony market, 𝑋𝑋𝑝𝑝𝑤𝑤 = quantity of pulpwood at the competitive market. (B): 

𝐷𝐷(𝑖𝑖,𝑖𝑖) = Expected Distance between mill 𝑖𝑖 and 𝑗𝑗, 𝑚𝑚𝑖𝑖(𝑖𝑖) = price at mill 𝑖𝑖(𝑗𝑗), 𝑃𝑃 = stumpage price in 

equilibrium, 𝑂𝑂𝑖𝑖(𝑖𝑖) = Original location of mill 𝑖𝑖(𝑗𝑗).   
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Chapter 2 : Forest Stewardship Standards: Voluntary Governance as a Trade Facilitation 

Strategy? 

Abstract: Voluntary forest certification (FC) has become an essential signal to buyers of non-

wood and wood goods about a company’s commitment to sustainable development. Forest 

enterprises have invested in FC to gain market share, increase profits, and acceptance in other 

countries.  However, the competitiveness for firms in the international trade might become 

compromised due to the restriction on forest management and the costs in adapting the 

production system. A gravity model was used to analyze the extent to which, if any, two major 

forest industry certifications, the Forest Stewardship Council (FSC) and Programme for the 

Endorsement of Forest Certification (PEFC), affect the international flow of timber products. 

Timber trade is examined in aggregate, by standard, product type, and by the economic status of 

trading partners. The results indicate mixed outcomes. While FC facilitated trade when both 

countries have some of their forest industry companies certified, it has an adverse effect when 

companies in only one of the bilateral partners are certified. Regarding country wealth status, 

high-income countries are more likely to import certified products than developing ones. 

Moreover, tropical regions are more likely to export certified timber products than otherwise. 

Overall, FC does not impact negatively trade of forest product. In fact, policymakers and 

certification schemes should work to decrease costs and use FC as a tool to expand producer 

markets and guarantee sustainable forest management.  

Keywords: Forest Certification, Environmental Policy, International Trade, Gravity Model, 

Sustainability.  
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1. Introduction 

International institutions, local communities, and consumers have encouraged 

governments to impose restrictions on timber production based on ecological and social-

economic criteria. In addition, businesses and end-consumer concerns about the poor public 

governance of natural resources and their desire for further forest industry accountability have 

created an opportunity to start a market-based certification system. These market certification 

systems work as a signal to consumers about firm’s environmental and/or socially responsible 

behavior.  

Forest certification (FC) was first introduced in 1993 as a marketing instrument designed 

to help to combat deforestation and promote sustainable management of tropical forests 

(Heissenbuttel et al. 1995). Since then, the scope of the FC has included temperate forests and 

chain of custody (COC) of forest products. Two major forest industry certification schemes have 

emerged – the Forest Stewardship Council (FSC) and Program for the Endorsement of Forest 

Certification (PEFC). Whereas they have similar foundation goals in promoting and supporting 

sustainable forest management, these schemes differ in the specific criteria used to assess 

sustainable forest management and their administrative structure. Firms have adopted these 

standards in more than 125 countries and certified over 400 million hectares of forest.  

Through adopting a forest certification, practitioners have improved several aspects of 

forest management, including conservation (Acharya et al. 2015; Auld et al. 2008; Elbakidze et 

al. 2011; Gullison 2003), productivity ( Rametsteiner and Simula 2003),  and governance 

(Cashore and Stone 2012).  FC has become essential for some forestry companies to access new 

markets and to satisfy forest industry buyer and other stakeholder requirements (Auld, Bernstein, 

and Cashore 2008; Hrabovsky and Armstrong 2005; Owari et al. 2006). For instance, the Global 
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Forest & Trade Network, which represents 157 forest products buyers and suppliers from dozens 

of countries, requires from the new members to convert 100% of their traded products to be 

certified within five years for the members who are wood consumers, and ten years for the wood 

suppliers. Green building associations and global events such as the Summer Olympic Games in 

UK 2012,  Brazil 2016, and Tokyo 2020 committed to using only certified wood (Chen et al., 

2010; London 2012 Organizing Committee, 2012; Rio 2016 Organizing Committee, 2014; 

Tokyo 2020 Organizing Committee,2017). Similarly, some large retailers such as Ikea, 

Carrefour, Tesco, M&S and Otto Group have acquired certified products to provide eco-friendly 

products to their clients (Perera et al. 2008; Styles, Schoenberger, and Galvez-Martos 2012).  

The financial benefits offered by adopting FC, however, are not as clear. In some 

jurisdictions, owners of certified forests may be eligible for lower tax rates and, due to the 

certification requirements, may save on costs of government mapping and planning services. In 

addition, certified forests may be able to generate alternative sources of revenue through, for 

example, grants and revenue from eco-tourists.  The price premiums earned by those who adopt 

forest certifications vary and are dependent on the consumer’s income, the type and origin of the 

wood, and the extent of processing (Aguilar and Cai 2010; Aguilar and Vlosky 2007a; Cai and 

Aguilar 2013). For instance, wood exported from Brazil and Bolivia had 5% and 51% price 

premium respectively, over comparable, non-certified products (Espach 2006; Nebel et al. 

2005) 1. 

                                                 

1These estimates may be lower now due to increased competition from additional certified firms. 
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On the other hand, the price premium of hardwood products from certified U.S. forests 

were less than 1% (Hrabovsky and Armstrong 2005) and 4% in the Japanese market (Yamamoto, 

Takeuchi, and Shinkuma 2014). 

Studies have identified substantial variance on the direct and indirect costs of becoming 

certified and the returns to certification based upon the climatic zone, natural or plantations, and 

the operation size. Using data from 11 companies located in four continents Breukink et al. 

(2015) found that certified investments located in boreal and temperate zones had negative Net 

Present Value whereas those located in tropical areas offered positive returns. Cubbage et al. 

(2010) find evidence that small landowners and forest enterprises must spend more to adhere to 

FC standards.  

Given the nature of timber product supply chains and the increasing requirement for 

“greener” forestry products, forest industry certification could impact the international trade of 

forest products. In an analysis focused on forest companies in Canada and the U.S., Moeltner and 

Kooten (2003) found that a firm’s likelihood of adopting a FC is directly proportional to their 

export volume, mainly when exporting to Asian and European markets. However, the impact of 

FC standards on international trade is not clear overall.  

There are two broad types of concerns regarding standards. First, standards tend to be 

more prescriptive or restrictive than government regulations. Second, different requirements 

between countries can result in a substantial cost for producers and the exclusion of foreign firms 

from markets. International trade agencies do not have an explicit restriction on environmental 

policies. The World Trade Organization (WTO) has a committee to study the relationship 

between environment and trade and to make recommendations about eventual change in the 

trade agreements due to environmental aspects. This trade committee recognizes that 
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environmental protection has no conflict with WTO principles, and the best way to mitigate 

bilateral disagreements on this issue is by local environmental agencies. However, there is a 

possibility that the high cost of forest certification leads to discrimination between developing 

and developed countries, which is against WTO’s fundamental principles.  

Many of the world’s forest resources are located in less economically developed areas, 

and companies located in developing countries are likely to face more challenges to meet 

management and social requirements of forest certifications (Chen, Innes, and Tikina 2010). 

While FC the standard bodies have taken steps to facilitate the adoption of these FCs by smaller 

(and typically less competitive) firms, it is not clear if these measures have had any effect in 

diminishing the gap between large and small companies. To date, no comprehensive, ex-post, 

empirical analyses have examined the aggregate impact of the adoption of voluntary forest 

industry certifications on the international trade of wood and wood products.   

Our study contributed to the current literature by investigating the role of forest 

certification on international trade of forest products. Here, we use a gravity model to study FC 

impacts on trade in different levels of aggregation, certification scheme (FSC and PEFC) and 

product. We used four model specifications: (1) we investigated if the presence of FC has any 

effect on bilateral trade in the aggregated forest products, (2) we assessed the impact of the area 

certified and/or the number of companies certified under the Chain of Custody (COC) using 

aggregated data, (3) we analyzed the impact of the interaction between high income countries 

and FC and (4) we analyzed the impact of certified area and number of companies certified under 

COC on Sawlog and Sawnwood markets of coniferous and non-coniferous species.  

The initial results indicate FC has a positive impact on trade when both trading partners 

have certified products in their markets. Both schemes (FSC and PEFC) show a similar 
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magnitude in the different models analyzed. Income had a positive impact on forest certification 

in the sawlog and sawnwood model.  

This paper is structured as follows: First, we present the market for forest certification 

across countries, we focus on the two central schemes: (i) FSC and (ii) PEFC. This is followed 

by a review of the literature and a description of our data and methods. Last, the results of data 

analysis and implications of our findings are discussed.  

 

2. Forest Certification and International Markets of Forest Products  

The international trade of timber products has grown steadily in recent decades. Between 

1985 and 2015, the total value of forest product traded increased from $12 billion to $341 billion 

(Figure 2.1). The products in the paper production chain (pulp and waste paper, pulpwood and 

paper, paperboard) have historically been the most valuable traded products, contributing on 

average to 65% of the total trade of forest products ($221 billion in 2015). Every product has 

shown a similar trend over the last years, except for fuel and wood charcoal that doubled its 

value traded between 2008 and 2015.  

A few geographic regions concentrated much of the production of forest products. Ten 

countries are the source of more than 50% of global imports and exports. Among, these, four 

countries, France, Canada, China and the USA, are highly ranked as both importers and 

exporters (Table 2.1).  Together they account for 31.0% and 29.4% of global imports and exports 

respectively.  

The global flow of timber products has been positively impacted by the increase in 

demand, decreasing on transportation costs and development of trade partnerships (Bonnefoi and 

Buongiorno, 1990; Lundmark, 2010; Michinaka et al., 2011). Also, consumers have demanded 



21 

from governments, the private sector, and international institutions mechanisms to address non-

sustainable forest management practices and illegal logging (Cabarle and Heiner 1994). Forest 

products commercialization has been constrained by several types of regulations to address 

consumers’ and governments’ requirements. However, lack of accountability of government has 

made FC a widely adopted voluntary standard.   

 

2.1  FSC and PEFC Forest Certification Systems 

Forest Stewardship Council (FSC) and the Program for the Endorsement of Forest 

Certification (PEFC) are the two central forest certification schemes. FSC was founded in 1993 

by environmentalist groups aiming to reduce deforestation in tropical forests; FSC offers three 

types of certification: (i) forest management, (ii) chain of custody (COC), and (iii) controlled 

wood (the product that could be mixed with certified wood during manufacturing). Companies 

certified by FSC must follow ten principles and 56 performance-based criteria (FSC 1996). 

These principles cover tenure and land use rights, indigenous peoples’ rights, conservation, 

management, and financial returns. By 2015, 125 countries adopted FSC.  

PEFC has a different organizational strategy; it works as an umbrella organization whose 

members are composed of smaller local and national government certification schemes. Founded 

in 1999 by forest producers in Europe, PECF has 46 national members and 38 endorsed national 

certification systems in 2015. It provides two types of certifications: forest management and 

chain of custody. Requirements of each of each certification vary by the local regulations. Each 

standard within the PEFC umbrella must follow six main criteria: (i) enhancing biodiversity (ii) 

sustainable use of ecosystem services, (iii) worker’s right, (iv) local employment, (v) indigenous 

people’s right, and (vi) restrict usage of herbicide and pesticide (PEFC 2018). In 2018, 313 
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million hectares of forest area, and 20 thousand companies held a COC certification through 

PECF.   

While the differences between these certifications have narrowed over the last decade 

(Auld et al., 2008; NEPCon, 2012; O’Reilly, 2004), there are essential distinctions that remained. 

The foundation of these standards lay with different industry stakeholders; FSC was primarily 

founded by environmental groups with a focus on the tropical forest, while PEFC was founded 

by producers located in North America and Europe. The requirements of FSC is likely more 

prescriptive (Mcdermott, Noah, and Cashore 2008) and rigorous (NEPCon, 2012) than the 

standards endorsed by PEFC. According to Stringer (2006), the strengths of FSC is the inclusion 

of economic, social and environmental interests, whereas PEFC increases the level of 

transparency within countries and regulates national standards.  

Both certification schemes have experienced substantial growth in their adoption in 

recent years. Since 1993, the area certified by FSC has increased at an annual average of 63%, 

while the number of firms certified increased by 82%. PEFC has expanded its area from 2004 to 

2015 at 30% annually, while COC adoption has expanded on average by 20% (Figure 2.2).   

Most of the certified forest areas are in North America (59% and 46% of the total area 

certified by PEFC and FSC in 2015 respectively) and Europe (32% - PEFC and 47% - FSC). The 

concentration of firms certified to a COC standard is the highest in Europe (84% and 55% of the 

total number of firms certified by PEFC and FSC respectively), followed by Asia (8% - PEFC 

and 25% - FSC), and North America (4% - PEFC and 13% - FSC). Africa has the lowest share of 

the world’s certified forests (1.2%) and COC companies (less than 1%).  
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2.2 Literature Review: The International trade of Forest Products  

Early studies on international trade of forest products covered a range of subjects. 

Glesinger (1945) studied the trend of wood production and trade in a post-war scenario. Holland 

(1973) analyzed the potential increase of trade between the US and Canada due to American 

building program. Sedjo and Lyon (1983) investigated the comparative advantage of South 

America, Australia, and Asia over USA, Canada, and Europe. Bonnefoi and Buongiorno (1990), 

Lundmark (2010) and, Uusivuori and Tervo (2002) used the Heckscher-Ohlin (H-O) model to 

analyze the role of forest endowments on international trade of forest products.  

As in many other fields, gravity models also have been of great use in the forest sector. In 

the forest sector, Kangas and Niskanen (2003) examined the potential impacts of trade in forest 

products between countries in the European Union (EU) and possible new members. According 

to the authors, the forest sector in the EU could benefit from the acceptance of new members 

since the trade in forest products of access candidates is already orientated to EU. Zhang and Li 

(2009) investigated the role of forest endowment and logging restrictions on China’s trade in 

wood products. They found a positive relationship between the size of the commercial forest and 

the quantity exported of forest products. Most recently, Buongiorno (2015) investigated the 

effects of the monetary union among European countries and the international trade of forest 

products; his results indicate the benefits of increasing international trade varied from 1.7% 

(wood and articles of wood) to 13.8% (paper and paperboard, articles of pulp). Guan and Gong 

(2015), showed the negative effect on exports of timber products from China due to international 

efforts to reduce illegal logging. 
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2.3 Product Standards and International Trade 

Surprisingly, the impact of the environmental restriction on international trade like 

international agreements and FC have not yet been investigated in the forestry literature. 

Evidence from studies on agricultural exports indicates that the environmental restriction is 

likely to have some effect on international trade of forest product as well.  Ferro, Otsuki, and 

Wilson (2015), for instance, indicate that an exporting country will more likely export 

agricultural product to a country with a lower standard. Agricultural firms are less likely to invest 

in adapting their production system to satisfy importer requirements.  

The effects on developing and developed countries depend on the product and sector 

analyzed. For instance, in the fish and crustaceans’ sector, standard product requirements hurt 

developing countries more than developed countries. The opposite effect is observed in the 

animal or vegetable fats (Shepherd and Wilson 2013). In the forestry sector, there are no 

empirical evidence revealing any effect. Forest is a capital-intensive industry, an increase in 

costs might hurt developing countries more than developed countries because of the restricted 

access to capital. On the other hand, many developing countries have a comparative advantage 

on timber and non-timber production due to their highly productive forest. The higher is the 

productivity higher is the profit margins; these companies would, therefore, have extra funding 

to allocate to forest certification.   

Since forest certification has been an essential component in the sector, it is essential to 

estimate its contribution to the trade and consider strategies to reduce possible unfair competition 

and market distortions.  
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3. Data and Methods 

This paper uses the gravity model to investigate the impact of forest certification on the 

international trade of forest products. The gravity model is the “workhorse” for econometric 

analyses of trade; the gravity equation states that the bilateral trade between countries 𝑖𝑖 and 𝑗𝑗 is 

directly proportional to their economic size (Gross Domestic Product) and inversely proportional 

to the distance between them.  

The theoretical foundation of gravity equation has been derived from monopolist 

competitive and H-O model along the last decades (J. Anderson 1979; J. E. Anderson 2011; J. 

Anderson and Wincoop 2003; Bergstrand 1985; Deardorff 1998).  Assuming market-clearance 

and homothetic demand, the gravity model is defined as (Anderson and Van Wincoop, 2003): 

 

𝑋𝑋𝑖𝑖𝑖𝑖 =  
𝑦𝑦𝑖𝑖𝑦𝑦𝑖𝑖
𝑦𝑦𝑤𝑤

 �
𝑇𝑇𝑖𝑖𝑖𝑖
𝑃𝑃𝑖𝑖𝑃𝑃𝑖𝑖

�
1−𝜎𝜎

 (1) 

 

where 𝑋𝑋𝑖𝑖𝑖𝑖  is the trade flow between country i and j, y is the income (GDP) of country i and j, 

and the global income is w,  𝑇𝑇𝑖𝑖𝑖𝑖 is the bilateral trade barriers , P are price indices or “multilateral 

resistance” which measures the average buyer’s and seller’s rate of trade costs (Anderson 2011).  

Equation (1) is then linearized by taking the log. A problem faced by the empirical 

estimation is the multilateral resistance is not observable or hard to collect. To address the 

absence of multilateral resistance countries (𝑖𝑖 and 𝑗𝑗) and year fixed effects (𝑡𝑡).  

We use four specifications of the gravity model: (1) Forest Certification Intensity: the 

effect of FC on trade is captured by the presence of companies or area certified in the trade 

partners (2) Certified Area and number of companies under COC: we investigated the role of the 

size of certified area and the number of companies under COC of importing and exporting 
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countries. (3) National Income and Forest Certification: We analyzed the interaction between the 

FC variable (area and number of countries under COC) in the exporter country and the income 

on the importer country. (4) Sawtimber and Sawlog Products: We disaggregated the forest 

products in four groups: (i) Sawlogs Coniferous, (ii) Sawlogs Non-Coniferous, (iii) Sawn wood 

Coniferous and (iv) Sawn wood Non-Coniferous. Then we evaluate the role of forest type 

(Tropical vs non-tropical countries), income and product type (sawtimber Coniferous/ Non-

Coniferous and sawlog Coniferous/Non-Coniferous). 

For specification (1), (2) and (3) the forest products were aggregated into two groups:  

Non-Manufactured and Manufactured (Table 2.2). For specification (4) we selected the items 

(3), (4), (7) and (8) respectively (Table 2.2). In addition, for every specification, there are two 

certification schemes: FSC and PEFC. Running FSC and PEFC separate mitigates the 

collinearity between because of their high correlation (~70%).  

 

3.1 Data  

The bilateral trade flow data were collected from the United Nations (UN) Comtrade 

data, SITC Rev.2 – 3 and 4 digits (Table 2.2). The number of the digits was based on the 

research hypothesis. For instance, the overall effect in the market is evaluated by aggregating 

items (1) to (10) in manufactured goods and (11) to (12) in non-manufactured. On the other 

hand, we are interested in analyzing the impact of FC on a different type of forests, therefore, 

product code 247 was disaggregated into 2471 – Sawlogs and veneer (coniferous species) and 

2472 – Sawlogs and veneer (non-coniferous).  

Population, Gross Domestic Production (GDP) and forest area data are from World Bank 

Development Indicators. Gravity variables such as distance between countries, currency, 
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language, World Trade Organization (WTO) members, were collected from Centre d´Etudes 

Prospectives et d´ Informations Internationales (CEII). We obtained the FSC data (area and 

number of companies under COC) from the report Facts & Figures and the PEFC data from the 

report Figure & Facts available in their websites. For the old reports, we requested the data from 

FSC and PEFC employees. The data of trade and forest certification cover 252 reporting and 

partner countries between 1985 to 2015. 

 

3.2 Model Specification  

3.2.1 Adoption of Forest Certification 

In the first specification, we analyzed at which extent the presence of Forest Certification 

effect trade of forest products. Following the Anderson and Van Wincoop (2003) specification 

and adding the log-linearized FC variables, our first model takes Eq. (1) to a linear form: 

 
𝑋𝑋𝑖𝑖𝑖𝑖𝑡𝑡 =  𝛽𝛽1𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽2𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽3𝐷𝐷𝑖𝑖𝑖𝑖  +  𝛼𝛼1𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖𝑡𝑡 + 𝛼𝛼2𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖𝑡𝑡+𝛼𝛼3𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡

                                     

           + � 𝛾𝛾𝑚𝑚𝑧𝑧𝑖𝑖𝑖𝑖𝑡𝑡𝑚𝑚
𝑀𝑀

𝑚𝑚=1

+ 𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖 +  𝛿𝛿𝑡𝑡 +  𝜀𝜀𝑖𝑖𝑖𝑖𝑡𝑡 (2)
 

 

where 𝑋𝑋𝑖𝑖𝑖𝑖𝑡𝑡 is the natural logarithm of the value traded between importing country i and exporting 

country j during period t, 𝑌𝑌𝑖𝑖(𝑖𝑖)𝑡𝑡 is the natural logarithm of the Gross Domestic Product (GDP) per 

capita of importing country i (or exporting country j) during year t, 𝐷𝐷𝑖𝑖𝑖𝑖 is the natural logarithm of 

distance between country i and j, 𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡 is a dummy variable equal to one if the FC 
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scheme has been adopted 2 in either i (or j), and zero otherwise; 𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡 , equals to one if 

the FC has at least one company under COC or one hectare of forest certified in both bilateral 

partners and zero otherwise. 𝛿𝛿𝑖𝑖, 𝛿𝛿𝑖𝑖 and 𝛿𝛿𝑡𝑡 are the fixed effect of country  𝑖𝑖,  𝑗𝑗 and time 𝑡𝑡 

respectively.   

Other factors believed to impact trade are reflected in WTO (World Trade Organization) 

membership (𝑀𝑀𝑇𝑇𝑂𝑂𝑖𝑖𝑖𝑖𝑡𝑡) which assumes value one if both trading partner is a member of the WTO 

in year t and zero otherwise. Common currency (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷𝑐𝑐𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡), Regional Trade Agreement 

(𝑀𝑀𝑇𝑇𝐴𝐴𝑖𝑖𝑖𝑖𝑡𝑡), common language (𝐿𝐿𝐷𝐷𝐷𝐷𝐿𝐿𝐶𝐶𝐷𝐷𝐿𝐿𝐷𝐷(𝑖𝑖𝑖𝑖𝑡𝑡)), border sharing a common (𝐹𝐹𝐹𝐹𝐶𝐶𝐷𝐷𝐷𝐷𝐶𝐶𝑖𝑖𝑖𝑖) and former 

colonies (𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐷𝐷𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡), either importer 𝑖𝑖 or exporter 𝑗𝑗, are assigned a value of one if both countries 

share this characteristic during time t and zero otherwise.  

Manufacture status (𝑀𝑀𝐷𝐷𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑐𝑐𝑡𝑡𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡) is a dummy variable equal to one when the 

product trade is manufactured, and zero otherwise. 𝑀𝑀𝑀𝑀𝑖𝑖𝑡𝑡 is round wood production in the 

exporting country (𝑗𝑗), 𝜀𝜀𝑖𝑖𝑖𝑖𝑡𝑡 is the i.i.d error term. 

  

3.2.2 The intensity of Forest Certification Adoption 

Not only the presence of FC may influence the international trade of forest products but 

also its market size. To assess FC’s size and its impact on trade, we substituted the covariables 

𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷(𝑖𝑖𝑖𝑖𝑡𝑡)  and  𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝐷𝐷(𝑖𝑖𝑖𝑖𝑡𝑡) by the number of companies under COC and the total area 

certificated.  

 

                                                 

2The adoption means at least one company or unit of area is at importing (𝑖𝑖) or exporting (𝑗𝑗) country.  
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𝑋𝑋𝑖𝑖𝑖𝑖𝑡𝑡 =  𝛽𝛽1𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽2𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽3𝐷𝐷𝑖𝑖𝑖𝑖   + 𝛼𝛼1𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 +  𝛼𝛼2𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡  

+ 𝛼𝛼3𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡 +  𝛼𝛼4𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡  + � 𝛾𝛾𝑚𝑚𝑧𝑧𝑖𝑖𝑖𝑖𝑡𝑡𝑚𝑚
𝑀𝑀

𝑚𝑚=1

+  𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖 +  𝛿𝛿𝑡𝑡  +  𝜀𝜀𝑖𝑖𝑖𝑖𝑡𝑡  
    
    (3)
 

 

where 𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡 is the share of the area certified relative to the total area in the importing 

country 𝑖𝑖 or export country 𝑗𝑗 during period t; 𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖(𝑖𝑖)𝑡𝑡 is the number of companies under the 

chain of custody in the importing country 𝑖𝑖 or export country 𝑗𝑗 during period 𝑡𝑡 and 𝜂𝜂𝑖𝑖𝑖𝑖𝑡𝑡 is the i.i.d 

error term. Since the marginal effect of adding only one company in a country is too small, we 

divided 𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖(𝑖𝑖)𝑡𝑡 by one hundred. Thus, 𝛼𝛼3(4) is the marginal effect of additional hundred 

companies.  

We also tested the robustness of the estimated coefficients on Equation (3) by 

alternatively estimating either only with 𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖(𝑖𝑖)𝑡𝑡 variables or 𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡.  

 

3.2.3 National Income and Forest Certification 

In the third specification, we analyzed the interaction of forest certification and high-

income countries. Since certified products are more expensive and high-income countries tend to 

more sensitive to environmental issues, our hypothesis is that high-income countries have a 

positive relationship with certified forest area and companies. The equation (3) is then adapted 

to: 

 

𝑋𝑋𝑖𝑖𝑖𝑖𝑡𝑡 =  𝛽𝛽1𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽2𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽3𝐷𝐷𝑖𝑖𝑖𝑖 +  𝛼𝛼1𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 +   𝛼𝛼2𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡 + � 𝛾𝛾𝑚𝑚𝑧𝑧𝑖𝑖𝑖𝑖𝑡𝑡𝑚𝑚
𝑀𝑀

𝑚𝑚=1
+ 𝜙𝜙1𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 +  𝜙𝜙2𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 × 𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 +  𝜙𝜙3𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 × 𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡 +  𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑡𝑡  +  𝜀𝜀𝑖𝑖𝑖𝑖𝑡𝑡 (4)
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where 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 is a dummy variable with value one if the importing country 𝑖𝑖 is classified as 

High-Income Country according to the World Bank 3 at period 𝑡𝑡. The other variables were 

already defined in the previous equations.  

 

3.2.4 Trade of Sawnwood and Sawlog Products  

In the final specification, we investigated Sawnwood and Sawlogs trade of coniferous 

and non-coniferous species. Also, we specified the vegetation type of the exporting country 𝑗𝑗 by 

classifying them as Tropical or Non-Tropical provided by the World Bank (World Bank 2015), 

in order to calculate the effect of FC in tropical and natural forests. The non-coniferous variable 

is a proxy for natural forest since most of the natural forest in the tropics are non-coniferous. Our 

final model is specified as: 

 

𝑋𝑋𝑖𝑖𝑖𝑖𝑡𝑡 =   𝛽𝛽1𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽2𝑌𝑌𝑖𝑖𝑡𝑡 +  𝛽𝛽3𝐷𝐷𝑖𝑖𝑖𝑖 +  � 𝛾𝛾𝑚𝑚𝑧𝑧𝑖𝑖𝑖𝑖𝑡𝑡𝑚𝑚
𝑀𝑀

𝑚𝑚=1

 + 𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 × �𝜙𝜙5𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡 + 𝜙𝜙6𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 +   𝜙𝜙7𝑇𝑇𝑃𝑃𝑖𝑖 � 

                                               + 𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡 × �𝜙𝜙8𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡 + 𝜙𝜙9𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 +   𝜙𝜙10𝑇𝑇𝑃𝑃𝑖𝑖  �   + 𝜀𝜀𝑖𝑖𝑖𝑖𝑡𝑡                (5) 

 

Where 𝑆𝑆𝑀𝑀𝑖𝑖𝑖𝑖𝑡𝑡 substitute the variable Manufacture (𝑀𝑀𝐷𝐷𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑐𝑐𝑡𝑡𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡)  and equal one if the 

product is Sawnwood, and zero if Sawlog.  𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡 is a dummy variable equal to value one if the 

exporting specie is a Non-Coniferous and zero if it is Coniferous. 𝑇𝑇𝑃𝑃𝑖𝑖 is a dummy variable with 

value one if the exporting product is from a country in a tropical and zero otherwise. The other 

variables are defined under Equation (4) and (3).  

                                                 

3 High-Income economies are those with Gross National Income (GNI) per capita either equal to or greater than 

$12,467 - http://blogs.worldbank.org/opendata/miga/new-country-classifications-2016.  

http://blogs.worldbank.org/opendata/miga/new-country-classifications-2016
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If the sum of the coefficients on either 𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 or 𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡 and the interaction with 

𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡 and 𝑇𝑇𝑃𝑃𝑖𝑖 are positive, there is a positive effect of FC on the trade of natural forest in the 

tropics. 

 

3.3 Model Estimation  

Applied economists have faced different challenges in estimating consistent and unbiased 

coefficients using gravity models. There are several debates in the literature on the appropriate 

technique and specification of the gravity model. The presence of zero trade observations and 

heteroscedasticity has prompted concerns about the validity of the linear log transformation of 

the gravity model. Under these conditions, OLS estimation is not consistent. 

Here we addressed it by added the country-specific fixed effect variables which take into 

account the “multilateral resistance” (Anderson and Wincoop 2003; Feenstra 2004). Another 

possible statistical procedure necessary to estimate gravity equations is to the treaty the selection 

bias. Because log of zero is undefined, the dependent variable (𝑋𝑋(𝑖𝑖𝑖𝑖𝑡𝑡)) in Equations (2) to (5) is 

limited to country pairs where trade is strictly positive. In the trade of forest products, a large 

number of country pairs has zero trade flow, if these pairs are excluded there will be a possibility 

of serious bias from a combination of heteroscedasticity and nonlinearity in the gravity model 

(Santos Silva and Tenreyro, 2006). In addition, the model would fail to account for the increase 

in demand for exports as the number of exporting firms increases.  

We addressed this problem by applying the Poisson Pseudo-Maximum Likelihood 

(PPML) technique. PPML estimates zero trade-flow by assuming that 𝑋𝑋(𝑀𝑀×1) has a Poisson 

distribution along with the imposition that its conditional mean is equal to its variance (Santos 

Silva and Tenreyro 2006). However, if 𝑋𝑋(𝑀𝑀×1) has a substantial presence of zeros, the model 



32 

might be vulnerable for problems of overdispersion. To minimize the risk of overdispersion and 

to include only countries that are likely to trade, we considered trade partners only the pairs of 

countries that traded for at least three time between 1985 and 2015.  

The pairs of countries eliminated are likely to be small and distant countries that would 

not trade because of the substantial fixed costs (Frankel 1997). Low levels of GDP per capita and 

lack of cultural and historical links could also explain the absence of trade (Rauch 1999). When 

analyzing specific products, the absence of trade is even higher. Countries just do not demand or 

produce all goods. Therefore, considering them on the sample could create a bias in our study 

since we are investigating a specific sector.  

 

4. Results  

The econometric results are organized in four subsections with each one cover a 

respective model specification: (1) Adoption of Forest Certification, (2) Intensity of Forest 

Certification Adoption, (3) National Income and Forest Certification and (4) Trade of Sawnwood 

and Sawlog Product 

 

4.1 Adoption of Forest Certification 

Table (2.3) displays the results of FSC and PEFC on forest trade from Eq. (2). Columns 

with odd numbers report the results from the OLS regression and with even numbers to show the 

coefficients of the PPML estimation. The sign and magnitude are similar among the core 

variables in the gravity model, GDP (𝑌𝑌𝑖𝑖𝑡𝑡  and 𝑌𝑌𝑖𝑖𝑡𝑡) and distance (𝐷𝐷𝑖𝑖𝑖𝑖), which validate the 

microeconomic theory and corroborate the sign and magnitude from other studies (e.g., 

Buongiorno, 2015; Zhang and Li, 2009). The gravity variables WTO membership (𝑀𝑀𝑇𝑇𝑂𝑂𝑖𝑖𝑖𝑖𝑡𝑡), 
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bilateral agreements (𝑀𝑀𝑇𝑇𝐴𝐴𝑖𝑖𝑖𝑖𝑡𝑡), common language (𝐿𝐿𝐷𝐷𝐷𝐷𝐿𝐿𝐶𝐶𝐷𝐷𝐿𝐿𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡), a common border (𝐹𝐹𝐹𝐹𝐶𝐶𝐷𝐷𝐷𝐷𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡), 

former colony (𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐷𝐷𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡) have expected positive signs on trade; among them, border share have 

the largest impact, the average of its coefficients average among the different models is 

approximately 70%, whereas the minimum is WTO membership with an average of 30%. 

Common currency (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷𝑐𝑐𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡) had a negative effect on the value traded. Countries with 

common currency trade between 14% and 20% less than those which do not have it. This result 

reflects the entry of China in the international trade as among the major consumer/producer and 

other large bilateral partners such as the U.S. and Canada.  

The positive sign on manufacture (𝑀𝑀𝐷𝐷𝐷𝐷𝐶𝐶𝑖𝑖𝐷𝐷𝑐𝑐𝑡𝑡𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡) reflects two aspects of forest product 

trade. First, manufactured goods are more valuable than non-manufactured and, therefore, the 

expected the increase in value traded was confirmed (a maximum and a minimum increase of 

87.1% and 68.2%). Second, because manufactured goods are more valuable, firms would prefer 

to export them to overcome the high transportation costs in most of the countries (e.g., Hoch et 

al., 2012; Lopez et al., 2010).  

Most of the variables had some degree of statistical significance in all combination 

analyzed. The variables   𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡 and 𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑡𝑡 had to be estimated in different models 

because of their high correlation (0.72 (0.67) between FSC  𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡 importing (exporting) 

country and FSC 𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑡𝑡; 0.58 (0.54) between PEFC importing (exporting) country and 

PEFC 𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑡𝑡) and to avoid multicollinearity.  

The variables of interest are the presence of FC within both bilateral partners 

(𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡) and only in either the importing (𝑖𝑖) or exporting (𝑗𝑗) country (𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡). 

Their results vary across the different methods adopted and forest certification scheme. 

𝐹𝐹𝐶𝐶𝐹𝐹𝐹𝐹𝑡𝑡ℎ𝑖𝑖𝐷𝐷𝑖𝑖𝑖𝑖𝑡𝑡 has a positive sign for every certification scheme, but the coefficients estimated by 
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OLS are around ten times greater than PPML. Regressions (3) and (4) show an impact of 43.4% 

(OLS) and 4.1% (PPML) on trade when both schemes are analyzed. Almost identical results are 

observed when disaggregated to FSC (43.4% and 4.2% when using OLS and PPML 

respectively) and PEFC (49.2% - OLS and 0.4% - PPML).  

 The coefficients of 𝐹𝐹𝐶𝐶𝑂𝑂𝐷𝐷𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖(𝑖𝑖)𝑡𝑡 are also consistent and have a stronger effect in the 

OLS estimator. Regression (1) and (2) show the marginal effect of being member of either FSC 

or PEFC increases trade in 14% (OLS) and 5.7% (PPML) in the exporting country (𝑗𝑗) and 6.8% 

in the importing country (𝑖𝑖); Regression (5) and (6) of the FSC presented similar magnitude. 

Results of PEFC (Regression 9) had a stronger effect than FSC when estimated by OLS (32.2% 

in the exporting country (𝑗𝑗) and 10.6% in the importing country (𝑖𝑖). On the other hand, PEFC 

(Regression 10) had a negative value for the exporting country (𝑖𝑖) (-10.6%) and not significant 

for the importing country (𝑖𝑖). 

Next, we present the result of the model specification (2), (3) and (4). Because of the 

selection bias caused by the excluding zero trade, we show only the estimates of the Poisson 

Pseudo Maximum Likelihood (PPML). The gravity variables presented in Table (2.3) are 

omitted to save space and facilities visualization of the next tables.  

 

4.2 The intensity of Forest Certification Adoption 

The results of the second specification were consistent across different combinations of   

variables, except that the coefficients on FSC and PEFC model presented opposite signs (Table 

2.4 - Column 1 to 3 and Column 4 to 6). The coefficients on the Certified area (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷 𝑖𝑖(𝑖𝑖)𝑡𝑡)  

and number of companies under COC (𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖(𝑖𝑖)𝑡𝑡) did not change in sign and presented similar 

magnitude when they were estimated either separately (Column 1, 2, 4 and 5) or altogether 
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(Column 3 and 6). The variables of forest area in the exporting country (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷 𝑖𝑖𝑡𝑡) were not 

statistically significant with FSC (Column 1 and 3) and negative with PEFC (Column 4 to 6) on 

average an increase in the share of the certified area in the exporting country decreased trade 

between 4.7% (Column 4) to 11.5% (Column 6). Certified area had a negative effect in the 

importing country in the FSC; an increase in the area of FSC would reduce trade between 17.1% 

to 20.2% (Column 3), whereas an increase in the area of PEFC would increase trade in between 

20.4% to 22.4% (Column 6).  

On the other hand, the number of companies under COC in the exporting country 

(𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡 ) had a positive effect in all certification schemes. An additional 100 companies 

certified by FSC would lead to a 1.2% increase in the exporting country and double (204%) the 

trade when using PEFC (Column 3 and 6). Similarly, the increase on trade caused by a 100 

increase of the number companies in the importing country would reduce trade in 0.5% in the 

FSC and it was not significative the complete model (Column 6). Even though it seems to be a 

modest value in the exporting country (𝑗𝑗), the number of companies had increased quickly over 

the past years. Between 2013 and 2018, the number of companies certified by FSC under COC 

increase 40% (from 27,127 to 34,288) and by PEFC increased 14% (from 9,996 to 11,484 

companies). Only in Asia, the number of companies certified by FSC jumped 60% (from 6,752 

to 10,826 companies) and by PEFC it rose 51% (from 791 to 1,199). This intense increase might 

justify the large coefficient in the PEFC specification.  

The different signs in the certified forest area and the number of COC certifications might 

be related to the nature of these variables. The former works as a trade facilitator whereas the 

latter can be an indicator of competition with non-certified areas or even other agricultural 

products. Previous studies show that endowment of forest area boosts timber exports (Lundmark, 
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2010; Uusivuori and Tervo, 2002). However, certified forest products may be disadvantaged 

when exporting to countries where FC is not attractive due to the additional costs of becoming 

and maintaining certification. These regions might not be willing to pay a price-premium needed 

by certified companies; consequently, certification could discourage trade. The willingness to 

high a price-premium for certified products is directly related to income (Aguilar and Vlosky 

2007). Therefore, there is a need to investigate how trade flows between different countries 

according to their income. In the next section, we introduced income to our model and analyzed 

the interaction between certified area and number of companies.  

 

4.3 National Income and Forest Certification 

We hypothesized that high-income countries import greater volume of certified forest 

goods than those with lower income; our results, however, presented mixed findings.  Columns 

(7) to (12) in Table 2.4 presented a different variation of the National Income and Forest 

Certification model. Following the same fashion as in the previous topic, columns (7) and (10) 

have the results when analyzed only certified area in the exporting country (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡), whereas 

columns (8) and (11) analyzed the number of companies under COC in the exporting country 

(𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡) and, columns (9) and (12) combine both variables. The coefficients are consistent 

across these specifications.  

There are different results for PEFC and FSC regarding sign and magnitude. The area 

certified by FSC in exporting country (𝑗𝑗) presented positive impact on trade (23.5% - Column 9), 

but its total effect is reduced to 0.7% when trading to high income countries (23.5% (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡) 

+ 22.8% (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡  × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)). On the other hand, the PEFC total effect is negative (-6.2%) even 

after summing to the positive effect of high income countries (-16.7% (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡) + 10.5% 
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(𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡  × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)). Similarly, the effect of the number of companies under COC is lower if a 

country (𝑗𝑗) exports to high income countries in both FSC and PEFC models. The total effect of 

an 100 companies under COC is 1.1% in the FSC (1.5% (𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡) – 0.4% (𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡  × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)) 

and 185% when certified by PEFC (314% (𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡) – 1.28% (𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡  × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)) 

High-income countries import more (5% on average) if exporting country have no 

certified area or companies by either FSC or PEFC. In the FSC regression (Column 9), the total 

marginal effect of high income is only positive, 6.4% (6.8% (𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡) – 0.4% (𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡  × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)) if 

the exporting country has no certified area, which marginal impact is minus 22.8%. In the PEFC 

(Column 12), on the other hand, the total marginal effect of high income countries is heavily 

impacted by the quantity of companies. If there is no additional company under COC in 

exporting country (𝑗𝑗), the marginal effect of high income is 13.4% (2.9% (𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡) + 10.5% 

(𝐹𝐹𝐶𝐶 𝐶𝐶𝑂𝑂𝐶𝐶𝑖𝑖𝑡𝑡  × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)). However, this value is easily overcome by the effect of an additional 100 

companies under COC (-128%).  

 

4.4 Trade of Sawnwood and Sawlog Products 

In this section we estimated gravity equations for four products (Table 2.2): (1) Sawlogs 

and veneer logs of Coniferous Species (S2-2471- item (3)), (2) Sawlogs and veneer logs of Non-

coniferous species (S2-2472 – item (4)), (3) Sawnwood Coniferous species (S2-2482 - item (6)) 

and, (4) Sawnwood Non-coniferous species (S2-2483 – item (7)). Table (2.5) shows the results 

of four regressions for FSC (Columns 1 to 4) and four for PEFC (Columns 5 to 8). We estimated 

the gravity equations using as a baseline the regression with High Income (𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 − Column 1 and 

5), then we successively added the dummy variable Non-Coniferous (𝑁𝑁𝐶𝐶𝑡𝑡 - Column 2 and 6), 

climate classification (Tropical or Non-tropical countries (𝑇𝑇𝑃𝑃𝑖𝑖) - Column 3 and 7) and their 
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interaction with area and number of companies under COC. Finally, in the last regression we 

added the interaction between Non-Coniferous and Tropical country (Column 4 and 8), and its 

interaction with certified forest and number of companies under COC.  

The effect of area and number of companies in the high-income of both schemes 

(Column 1 and 5) are the opposite of the aggregated products model in Table (2.4). An increase 

in the certified area would have a total effect of 36.2% (-33.3% (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡) + 62.6% 

(𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡)) in the FSC regression and 12.9% (-44.5% (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡) + 57.4% 

(𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 × 𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡))  in the PEFC regression. The number of companies under COC, on the 

other hand, had the opposite relation; its own marginal effect is positive (0.7% - FSC and 3.9% - 

PEFC) and the interactions are either not significant for FSC and negative for PEFC (2.4%). The 

marginal effect of COC if country (𝑗𝑗) export to high-income (𝑖𝑖) is therefore positive for both 

schemes (0.7% - FSC and 1.5% -PEFC).   

The addition of Non-Coniferous x Coniferous (Column 2 and 6) reviews that the 

marginal effect of certified area is not significant in the FSC and 28.1% in the PEFC if a country 

(𝑗𝑗) exports Coniferous species (𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡 = 0) to low and middle-income countries (𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 = 0). The 

effect of the variable (𝐹𝐹𝐶𝐶 𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝑖𝑖𝑡𝑡 × 𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡) indicated that forest certification has a stronger 

impact in Coniferous species than in Non Coniferous (173% for FSC and 343% for PEFC) and 

makes the overall effect negative for both firms when 𝑁𝑁𝐶𝐶𝑖𝑖𝑖𝑖𝑡𝑡 = 1. The COC variables though had 

additional positive effect when exporting Non-Coniferous (1% for FSC and 11.9% for PEFC).  

Tropical countries (𝑇𝑇𝑃𝑃𝑖𝑖 = 1) was not significant in every specification and scheme 

analyzed. The marginal effect of the exporting tropical countries is negative for FSC in certified 

area and companies under COC. An increase in the area of FSC in tropical countries reduced the 

trade of sawtimber and sawlogs 67.7%, while an increase of the number of companies under 
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COC would decrease trade 10%. Certified area by PEFC was not significant in the interaction 

with the tropical country, however, COC had a greater marginal impact with PEFC than FSC 

reducing trade in 39.8%.  

 

5. Discussion and Conclusion 

Forest Certification is an important market orientated tool that incentivizes sustainable 

forest management practices. Previous studies, which have focused on the price premium paid by 

consumers in developed countries, have shown mixed results concerning the economic benefit of 

these certifications.  This paper aims to identify and measure the impact of Forest Certification 

(FC) on international trade of forest products. Using a gravity model, we started by investigating 

whether the presence of FC would benefit trade. Next, alternative model specifications examined 

the impact of the extent of adoption of these certifications on trade as well as how these results 

vary within the income of the buyer and characteristic of the traded product.  

The impact of Forest Certification depends on the aggregate level. For instance, in the 

aggregate product (specification 1 to 3), the interaction between the certified area in exporting 

countries and importing high-income countries was negative. However, the aggregate goods 

might mask the willingness to pay of consumers to different products (Cai and Aguilar 2013). 

When disaggregating to sawlogs and sawnwood (specification 4), certified area had positive 

impact and number of companies had negative. The latter though was economically insignificant, 

it is not likely that 100 companies within a year will become certified in most of countries. The 

positive effect of the interaction between the variable of interest and high income agrees with the 

preferences for certified products in high-income countries found in the U.S. (Aguilar and 

Vlosky 2007), Japan (Shoji et al. 2014) and South Korea (Cha and Chun 2009).  
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Our results offer implications for the forestry industry. First, the presence of either FSC 

or PEFC increased trade when adopted by companies in both trading partners, whereas their 

presence in only one partner has a counter effect. This finding is supported by the combination of 

all possible variable within all model specification.  Second, the quantity of companies under 

COC is, overall, a better indicator of the FC impact on trade because it reflects the entire supply 

chain and more countries while certified area might represent only the raw material production, 

which is limited to few countries. Finally, FSC and PEFC affect the international trade of timber 

products in different degrees with FSC having greater affect. Further, the value of these 

facilitating trade was the format to vary by the type of wood products.  

This paper also enlightens the discussion over Non-Tariff Barrier and environmental 

impact of trade. The environmental label is often classified by free-market supporters as a Non-

Tariff Products that penalize producers with its severe environmental constraints. As certification 

is mostly a fixed-cost expense, the FCs schemes have partially addressed the problems faced by 

small landowners by offering certification to small communities rather than individual firms 

(FSC 2009).  This approach facilitates cost sharing and enables smaller firms to enjoy the 

benefits of economies of scale. Interesting though, when ISO tried to implement a custody chain 

certification of forest-based products, PEFC and FSC jointly blocked ISO to get into the forest 

business (PEFC 2013). Competition would be the best strategy to decrease costs to consumers 

and make the certification process more efficient. In addition to costs, other barriers such as the 

lack of familiarity with certification programs and government policies, and weak land tenure 

rights discourage landowners and wood product suppliers from adopting FC requirements 

(Carlson and Palmer  2016). Overall though, trade increased substantially in the last three 

decades while certification was implemented, so it did not seem to be a Non-Trade barrier.   
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6. Figures and Tables 

 

Figure 2-1 Value traded of timber products, billion USD. Source: UN Comtrade. 
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Figure 2-2 (A) Number of companies with Chain of Custody (COC) certification by FSC and PEFC. (B) Total area certified by FSC 

and PEFC. 

 

 

 

 

 



Table 2.1 Value of the International Timber Product Trade for Key Importing and Exporting
Countries, 2015.

Importers Exporters

Rank Country $ Billion Share (%) Country $ Billion Share (%)

1 China 42.14 12.3 China 35.58 10.48
2 USA 39.24 11.45 USA 35.43 10.44
3 Germany 25.03 7.31 Germany 28.98 8.54
4 UK 16.92 4.94 Canada 26.71 7.87
5 Japan 14.66 4.28 Sweden 15.29 4.5
6 France 13.92 4.06 Finland 12.9 3.8
7 Italy 11.57 3.38 Brazil 10.04 2.96
8 Canada 9.73 2.84 France 9.58 2.82
9 Netherlands 9.2 2.69 Russian 9.57 2.82
10 Belgium 8.06 2.35 Indonesia 9.41 2.77

Others 152.13 44.41 Others 145.99 42.99

Source: UN Comtrade Database (2015)
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Table 2.2 Product Aggregate

Item SITC Rev.2 Description Two Sector Aggregation

(1) S2-245 Fuel wood and charcoal

Non-Manufactured

(2) S2-246 Pulpwood (including chips and wood waste)
(3) S2-2471 Sawlogs and venner logs of Coniferous species
(4) S2-2472 Sawlogs and venner logs of Non-coniferous species
(5) S2-2479 Pitprops,poles,piling, post and other wood in the rough,nes
(6) S2-2481 Railway or tram way
(7) S2-2482 Sawnwood Coniferous species
(8) S2-2483 Sawnwood Non-coniferous species
(9) S2-251 Pulp and waste paper

(10) S2-244 Cork

(11) S2-634 Venner and plywood

Manufactured
(12) S2-635 Wood manufactures, nes
(13) S2-641 Paper and paperboard
(14) S2-642 Paper and paperboard, precut, and articles of paper or pa-

perboard

Note: Aggregated using Comtrade Classsification (1986-2015). This database classifies Non-Manufactured and materials
as (i) Crude material, inedible, except fuel and, (ii) Manufactured goods are classified chiefly by their components.
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Table 2.3 Trade Flow Impacts of FSC and PEFC: Baseline Results

Both Schemes FSC PEFC
OLS PPML OLS PPML OLS PPML OLS PPML OLS PPML OLS PPML
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Yjt 0.31∗∗∗ 0.287∗∗∗ 0.31∗∗∗ 0.288∗∗∗ 0.31∗∗∗ 0.287∗∗∗ 0.31∗∗∗ 0.288∗∗∗ 0.324∗∗∗ 0.296∗∗∗ 0.318∗∗∗ 0.289∗∗∗

(0.017) (0.01) (0.017) (0.01) (0.017) (0.01) (0.017) (0.01) (0.017) (0.01) (0.017) (0.01)
Yit 0.689∗∗∗ 0.833∗∗∗ 0.694∗∗∗ 0.833∗∗∗ 0.689∗∗∗ 0.833∗∗∗ 0.694∗∗∗ 0.833∗∗∗ 0.677∗∗∗ 0.839∗∗∗ 0.694∗∗∗ 0.834∗∗∗

(0.019) (0.009) (0.019) (0.009) (0.019) (0.009) (0.019) (0.009) (0.019) (0.009) (0.019) (0.009)
dij -1.589∗∗∗ -0.825∗∗∗ -1.583∗∗∗ -0.824∗∗∗ -1.589∗∗∗ -0.825∗∗∗ -1.583∗∗∗ -0.824∗∗∗ -1.589∗∗∗ -0.824∗∗∗ -1.576∗∗∗ -0.824∗∗∗

(0.007) (0.004) (0.007) (0.004) (0.007) (0.004) (0.007) (0.004) (0.007) (0.004) (0.007) (0.004)
FC Oneinjt 0.14∗∗∗ 0.057∗∗∗ - - 0.137∗∗∗ 0.056∗∗∗ - - 0.322∗∗∗ -0.106∗∗∗ - -

(0.015) (0.011) - - (0.015) (0.011) - - (0.015) (0.01) - -
FC Oneinit 0.068∗∗∗ 0.030∗∗∗ - - 0.069∗∗∗ 0.029∗∗∗ - - 0.094∗∗∗ -0.011 - -

(0.015) (0.01) - - (0.015) (0.01) - - (0.016) (0.01) - -
FC Bothinijt - - 0.434∗∗∗ 0.041∗∗∗ - - 0.434∗∗∗ 0.042∗∗∗ - - 0.492∗∗∗ 0.004

- - (0.014) (0.01) - - (0.014) (0.01) - - (0.017) (0.008)
WTOijt 0.384∗∗∗ 0.271∗∗∗ 0.381∗∗∗ 0.273∗∗∗ 0.383∗∗∗ 0.271∗∗∗ 0.38∗∗∗ 0.273∗∗∗ 0.408∗∗∗ 0.274∗∗∗ 0.413∗∗∗ 0.273∗∗∗

(0.018) (0.013) (0.018) (0.013) (0.018) (0.013) (0.018) (0.013) (0.018) (0.013) (0.018) (0.013)
RTAijt 0.431∗∗∗ 0.665∗∗∗ 0.42∗∗∗ 0.666∗∗∗ 0.431∗∗∗ 0.665∗∗∗ 0.422∗∗∗ 0.666∗∗∗ 0.431∗∗∗ 0.666∗∗∗ 0.413∗∗∗ 0.666∗∗∗

(0.014) (0.007) (0.014) (0.007) (0.014) (0.007) (0.014) (0.007) (0.014) (0.007) (0.014) (0.007)
Languageijt 0.481∗∗∗ 0.025∗∗∗ 0.479∗∗∗ 0.025∗∗∗ 0.481∗∗∗ 0.025∗∗∗ 0.479∗∗∗ 0.025∗∗∗ 0.479∗∗∗ 0.025∗∗∗ 0.479∗∗∗ 0.024∗∗∗

(0.015) (0.008) (0.015) (0.008) (0.015) (0.008) (0.015) (0.008) (0.015) (0.008) (0.015) (0.008)
Currencyijt -0.155∗∗∗ -0.145∗∗∗ -0.203∗∗∗ -0.142∗∗∗ -0.155∗∗∗ -0.145∗∗∗ -0.204∗∗∗ -0.143∗∗∗ -0.168∗∗∗ -0.136∗∗∗ -0.214∗∗∗ -0.141∗∗∗

(0.03) (0.008) (0.03) (0.008) (0.03) (0.008) (0.03) (0.008) (0.03) (0.008) (0.03) (0.008)
Borderijt 0.709∗∗∗ 0.81∗∗∗ 0.702∗∗∗ 0.81∗∗∗ 0.709∗∗∗ 0.81∗∗∗ 0.702∗∗∗ 0.81∗∗∗ 0.708∗∗∗ 0.81∗∗∗ 0.707∗∗∗ 0.81∗∗∗

(0.023) (0.007) (0.023) (0.007) (0.023) (0.007) (0.023) (0.007) (0.023) (0.007) (0.023) (0.007)
Colonyijt 0.669∗∗∗ 0.023∗∗ 0.671∗∗∗ 0.023∗∗ 0.669∗∗∗ 0.023∗∗ 0.67∗∗∗ 0.023∗∗ 0.665∗∗∗ 0.024∗∗ 0.679∗∗∗ 0.024∗∗

(0.026) (0.01) (0.026) (0.01) (0.026) (0.01) (0.026) (0.01) (0.026) (0.01) (0.026) (0.01)
Manufacturet 0.869∗∗∗ 0.69∗∗∗ 0.871∗∗∗ 0.69∗∗∗ 0.869∗∗∗ 0.69∗∗∗ 0.871∗∗∗ 0.69∗∗∗ 0.871∗∗∗ 0.69∗∗∗ 0.87∗∗∗ 0.69∗∗∗

(0.009) (0.004) (0.009) (0.004) (0.009) (0.004) (0.009) (0.004) (0.009) (0.004) (0.009) (0.004)
RWjt 0.000 0.003∗∗∗ 0.000 0.003∗∗∗ 0.000 0.003∗∗∗ 0.000 0.003∗∗∗ 0.000 0.003∗∗∗ 0.000 0.003∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Adj.R2 0.962 - 0.964 - 0.961 - 0.955 - 0.958 - 0.962 -
N 356,572 649,767 356,474 649,767 356,474 649,767 356,474 649,767 356,474 649,767 356,474 649,767

Note: The models were estimated by Pseudo Poisson Maximum Likelihood (PPML) and used country (δi and δj) and year fixed effects (δt). i: importer country, j: exporter country,
t: time, Yj(i)t: natural logarithm of the Gross Domestic Product (GDP) per capita, dij : natural logarithm of distance between country i and j, FCOneinijt: FC is present in either
country i or j. FCBothinijt: FC is present in country i and j. OLS: Ordinary Least Square, PPML: Pseudo-Poisson Maximum Likelihood.
Robust standard errors in parenthesis ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 2.4 Trade Flow Impact of FSC and PEFC: Intensity and country development status

Certified Area and COC Income: Certified Area and COC
FSC PEFC FSC PEFC

(1) (2) (3) (04) (5) (6) (7) (8) (9) (10) (11) (12)
FC Areajt -0.046 - 0.045 -0.047∗∗∗ - -0.115∗∗∗ 0.166∗∗∗ - 0.235∗∗∗ -0.048∗∗ - -0.167∗∗∗

(0.080) - (0.075) (0.04) - (0.041) (0.038) - (0.039) (0.021) - (0.022)
FC Areait -0.171∗∗∗ - -0.202∗∗∗ 0.224∗∗∗ - 0.208∗∗∗ - - - - - -

(0.051) - (0.048) (0.045) - (0.048) - - - - - -
FC COCjt - 0.011∗∗∗ 0.012∗∗∗ - 1.895∗∗∗ 2.041∗∗∗ - 0.014∗∗∗ 0.015∗∗∗ - 2.771∗∗∗ 3.144∗∗∗

- (0.003) (0.003) - (0.284) (0.296) - (0.000) (0.000) - (0.148) (0.157)
FC COCit - -0.005∗∗∗ -0.005∗∗∗ - 0.664∗∗∗ 0.006 - - - - - -

- (0.002) (0.002) - (0.263) (0.286) - - - - - -
HIit - - - - - - 0.048∗∗∗ 0.049∗∗∗ 0.068∗∗∗ 0.021 0.043∗∗∗ 0.029∗

- - - - - - (0.015) (0.015) (0.016) (0.016) (0.015) (0.016)
FC Areajt × HIit - - - - - - -0.224∗∗∗ - -0.228∗∗∗ 0.045∗∗ - 0.105∗∗∗

- - - - - - (0.033) - (0.033) (0.019) - (0.021)
FC COCjt × HIit - - - - - - - -0.004∗∗∗ -0.004∗∗∗ - -0.982∗∗∗ -1.286∗∗∗

- - - - - - - (0.000) (0.000) - (0.139) (0.150)

N 341,572 341,572 356,474 341,572 341,572 356,474 338,767 445,709 338,767 338,767 445,709 338,767

Note: The gravity and other variables are committed to safe space. The models were estimated by Pseudo Poisson Maximum Likelihood (PPML) and used country (δi and δj) and year
fixed effects (δt). i: importer country, j: exporter country, t: time. FC Areai(j)t: Certified area in country i(j). FC COCi(j)t: Number of companies certified divided by 100 under
COC in country i(j). HIit: High Income Countries(Importers).
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01



Table 2.5 Trade Flow Impact of FSC and PEFC: Sawnwood and Sawlogs

FSC PEFC
(1) (2) (3) (4) (5) (6)

FC Areajt -0.333∗∗∗ 0.124 0.07 -0.445∗∗∗ 0.281∗∗∗ 0.349∗∗∗

(0.094) (0.1) (0.102) (0.059) (0.061) (0.061)
FC COCjt 0.007∗∗∗ 0.003∗ 0.003∗∗ 0.039∗∗∗ 0.004 0.013∗∗

(0.001) (0.002) (0.002) (0.005) (0.005) (0.005)
SWijt 0.772∗∗∗ 0.762∗∗∗ 0.762∗∗∗ 0.773∗∗∗ 0.765∗∗∗ 0.766∗∗∗

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
HIit -0.085∗∗ -0.087∗∗ -0.088∗∗ -0.092∗∗ -0.09∗∗ -0.091∗∗

(0.042) (0.045) (0.045) (0.042) (0.043) (0.043)
FC Areajt × HIit 0.626∗∗∗ 0.634∗∗∗ 0.639∗∗∗ 0.574∗∗∗ 0.537∗∗∗ 0.473∗∗∗

(0.086) (0.091) (0.092) (0.057) (0.058) (0.057)
FC COCjt × HIit 0.001 0.001 0.001 -0.024∗∗∗ -0.021∗∗∗ -0.027∗∗∗

(0.001) (0.001) (0.001) (0.005) (0.005) (0.005)
NCijt - -0.55∗∗∗ -0.549∗∗∗ - -0.34∗∗∗ -0.344∗∗∗

- (0.012) (0.012) - (0.011) (0.011)
FC Areajt × NCijt - -1.723∗∗∗ -1.732∗∗∗ - -3.437∗∗∗ -3.373∗∗∗

- (0.08) (0.081) - (0.069) (0.068)
FC COCjt × NCijt - 0.01∗∗∗ 0.01∗∗∗ - 0.119∗∗∗ 0.115∗∗∗

- (0.001) (0.001) - (0.004) (0.004)
TPj - - 4.33 - - 4.196

- - (3.697) - - (3.603)
FC Areajt × TPj - - -0.677∗∗ - - 0.378

- - (0.311) - - (0.615)
FC COCjt × TPj - - -0.1∗∗∗ - - -0.388∗∗∗

- - (0.008) - - (0.051)

N 177,690 177,690 177,690 177,690 177,690 177,690

Note: The gravity and other variables are committed to safe space. The models were estimated by Pseudo
Poisson Maximum Likelihood (PPML) and used country (δi and δj) and year fixed effects (δt). i: im-
porter country, j: exporter country, t: time. FC Areai(j)t: Certified area in country i(j). FC COCi(j)t:
Number of companies certified divided by 100 under COC in country i(j). HIit: High Income Coun-
tries (Importers), SWijt: Sawnwood (Sawlog), NCijt: Non-Coniferous(Coniferous), HIijt: High Income
Countries, TPj : Tropical (Non Tropical) exporter countries.
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Chapter 3 : Structural Changes on Pulpwood Market in the U.S. South:  Wood Pellets 

Investments and Price Dynamics.   

 

Abstract: We investigated the impact of wood pellet mills on pulpwood market structure in the 

US South. Rather than focusing exclusively on price elasticities, we progress by examining how 

wood pellet production has affected the spatial transmission of pulpwood prices. Pairwise price 

ratios were modeled using Smooth Transition Regression (STAR) to identify changes in the 

cointegration (linkage) between markets over time. A logistic model was fitted to estimate 

market linkages as a function of market distances, industry concentration, and capacity of pellet 

wood production. Results show that US South is composed of different market clusters and their 

configuration varies over time. Distance and wood pellet production capacity are the only factors 

driving market linkages; the Pulp and Paper industries did not affect market structure changes. 

Our research suggests spatial price transmission varies over time and pellet mills have not caused 

a structural change in the pulpwood market in the US South. 

Keywords: Price Transmission, STAR models, Pulpwood market, Southern U.S.  
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1. Introduction 

In recent years, investments in wood pellet plants have gained attention to forestry group 

in the US South. Pulp and Paper Industries (PPI) and Composite Panels (OSB, MDF, etc.) have 

traditionally been the primary consumers of pulpwood. However, the local stock of biomass and 

European policies on renewable energy have prompted wood pellet facilities to locate in the 

South.  The magnitude of the impact of these plants on pulpwood market is uncertain since their 

biomass sources range from wood residuals to pulpwood. On the supply side, forest landowners 

have gained one more option to sell wood and, thus they have one more incentive to shift their 

forest planning to shorter rotations. These dynamics might spread across different markets over 

time, changing their linkage process and impacting pulpwood prices behavior. Therefore, 

understanding how pellet markets affect spatial price transmission is essential to decision makers 

in public and private forestry organizations.   

European policymakers have offered fiscal incentives to convert energy production from 

non-renewable to low-carbon sources over the past decade. Their goal is to expand the share of 

renewable energy from the current 12.5% to 20% by 2020 (Sturc, 2012). Among the potential 

green resources, wood pellets have several benefits: (i) efficiency in producing electricity and 

reducing the emission of greenhouse gas (GHG) (Sikkema et al., 2010), (ii) they are more 

resilient to an external condition (e.g., weather) than their counterparts, and (iii) it is easy to 

transport wood pellets for long distances (Sikkema et al., 2011). These characteristics have 

facilitated the international trade of wood pellets, mainly between the US and Europe (Goh et al., 

2013).  

The US South has been among the leading wood pellets suppliers to European power 

plants. Between 2012 and 2016, wood pellet exports from the US to Europe went from $267 
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million to $607 million (US Census Bureau, 2017). At the same period, 16 new pellet mills were 

installed in the US South, which if added to the plants under construction, can achieve the 

potential to produce 7.4 million metric tons of pellets or 17.12 million tons of wood fiber 

(Forest2Market, 2015).  

The high demand for wood pellets has prompted questions about possible spillovers over 

ecological sustainability (Dale et al., 2017) and landscape ecology (Costanza et al., 2017). There 

is also a high political interest in wood pellet manufacturing. The total economic benefit 

originating from operating costs of $13.8 million can range from $20.7 million to $25 million 

depending upon the state in the US South (Henderson et al., 2017).   

The entry of pellet mills in the US South has concerned traditional wood consumers like 

the PPI and Composite Panels. The demand for raw material from these industries are likely to 

overlap since wood pellets availability might fall within 75 miles around their mill 

(Forest2Market, 2015) (Figure 3.1). Although previous analysis on price of pulpwood and wood 

chips have shown no indication suggesting higher competition (Conrad and Bolding, 2011), the 

sector expected an higher raw-material costs in the next years (Abt et al., 2014; Benjamin et al., 

2009; Conrad et al., 2011; Galik et al., 2009).  

The expectation of an increase in pulpwood prices reflects basic economics principles: 

higher demand leads to higher prices, ceteris paribus. It is only a matter of magnitude. The effect 

on pulpwood prices might be irrelevant in an extensive spatial scale since pellet mills consume 

pulpwood as well as residues. These products are expected to be substitute goods as 

demonstrated by Geijer et al.(2011) in the Sweden market. However, the pellet mill facilities in 

the US are much larger than in Sweden; the largest pellet mills in Sweden has a capacity 

equivalent to 160 thousand green tons (Northern Periphery Programme, 2008), while in the US 
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South new plants have around 500 thousand green tons of capacity 4. Thus, the volume of wood 

residuals is not enough to feed these facilities in the long term (Abt et al., 2010). And, the capital 

intensification of pellet mills increases the opportunity cost of running them at lower capacity, 

which subsequently leads to higher payment for raw materials (wood residuals and pulpwood) to 

outbid competitors and guarantee full production.  

Another effect that is less explored by forest economists is the possible structural changes 

on timber market caused by the pellet facilities. Sudden shocks on demand or supply might 

change market linkages, generating opportunities for riskless profits and misinforming economic 

agents. Bingham et al. (2003) investigated cointegration in different markets in the US South for 

pulpwood and sawlogs; their findings indicate a strong relation with distance, volume, and 

market concentration. However, their analysis assumed linearity and that cointegration status did 

not differ over time.   

Here, we investigate the impact of pellet mills pulpwood price dynamics throughout 39 

micromarkets in the US South. We combine co-integration analysis and Smooth Transition 

Autoregression models (STAR). Our data set is composed of bimonthly stumpage prices for 

pulpwood softwood from 2005 to 2015. Results indicated that the spatial relationship between 

different markets is sophisticated and covers a broad spectrum of different price behaviors. Our 

model shows that distance has negative effect on market linkage whereas wood pellet has 

positive.   

                                                 

4 Enviva, one of the major producer and exporter of wood pellets for energy generation, invested $107 million 

through the Enviva Pellets Sampson (capacity of approximately 500,000 metric tons per year) in North Carolina. 

Source: http://www.sampsonedc.org/page/enviva-pellets-sampson-llc. Accessed in 10/12/2017.   

http://www.sampsonedc.org/page/enviva-pellets-sampson-llc
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This paper is structured as follows: First, we describe the pulpwood market in the US 

South briefly and its relative importance. Next, we define the economic theory behind spatial 

equilibrium and previous application in the forestry sector. Then the econometrics models are 

described. Results are covered next, followed by the discussion and, market and policy 

implications. 

 

2. Measuring stumpage prices geographical transmission: from the single market to 

dynamically linkages. 

An essential component of spatial studies is to understand the relationship between prices 

in different markets and their adjustment to the equilibrium. This process is commonly 

investigated by testing spatial cointegration, which is defined as the degree to which external 

shocks are transmitted between different markets (Fackler and Goodwin, 2001).  

There is a massive literature spatial price transmission in agriculture. In the forest sectors, 

economists have examined spatial patterns on the US exports of pulp and paper (Buongiorno and 

Uusivuori, 1992), Canadian market for wood pulp (Alavalapati et al., 1997), newsprint trade 

between Canada and US (Tang and Laaksonen-Craig, 2007), sawnwood imports in United 

Kingdom (Hanninen, 1998), lumber market (Mehrotra and Kant, 2009; Sun and Ning, 2014) , 

Roundwood market in New Zeeland (Niquidet and Manley, 2011) and Orientated Strand Board 

in US (Goodwin et al., 2011). 

The principles of spatial arbitrage applied in those papers are not suitable for in-situ 

resources such as stumpage prices analyzed in this paper; forest assets are spatially fixed in the 

short- and quasi-long-run. Therefore, the arbitrage practice in the stumpage market is exercised 

intertemporally rather than spatially (Prestemon and Holmes, 2000). The intertemporal arbitrage 
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is based on the price expectation, which forest landowners might postpone harvesting current 

stock if they expect higher future prices and vice-versa (Washburn and Binkley, 1990).   

The initial attempts to investigate timber price behavior in the US South relied on the 

single market hypothesis, where timber prices have some connection degree through the region 

(Hultkrantz, 1993; Washburn and Binkley, 1993, 1990). However, results from Prestemon and 

Holmes (2000) indicated that the timber market in the US South is likely formed by clusters with 

different sizes depending on the timber product (pulpwood or sawtimber). These features are 

reinforced by Nagubadi et al. (2001) in the hardwood market and by Yin et al. (2002)  in the 

softwood market. Aggregated data by the state in the US South has also indicated multiple 

markets; Nagubadi et al. (2001) found no evidence of market cointegration among six states in 

the US South. Yin et al. (2002) analyzed 11 regions in the US South and showed that the pine 

sawtimber and pulpwood markets consist of at least three contiguous segments.  

These papers studied the spatial price transmission using standard cointegration analysis 

like Augmented Dickey-Fuller (ADF) and Johannsen Cointegration tests. A drawback of these 

approaches is that they do not consider the nonlinear behavior or structural change within a time 

series of commodity prices (Balagtas and Holt, 2009).  

More recently, Hood and Dorfman (2015) adopted a non-linear model studying spatial 

price transmission of sawlog stumpage prices across the US South. The authors combined a 

STAR model with an external transition variable (house starts) to evaluate the degree of 

cointegration across time in the sawlog market. Previous research that assumes nonlinearity has 

focused on the prices of Orientated Strand Boards (Goodwin et al., 2011) and Roundwood 

market in New Zealand (Niquidet and Manley, 2011).   
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This paper complements the current literature in spatial price transmission in several 

respects.  (i) First, the dataset is more disaggregate than in Hood and Dorfman (2015) and Yin et 

al. (2002). While they studied 11 and 21 microregions in the US South respectively, we 

investigate 39 micromarkets. Since distance has played an essential role in defining cointegration 

across markets (Bingham et al., 2003), we believe data aggregation might mask some regional 

particularities. (ii) We use a STAR model. To our knowledge, only Hood and Dorfman (2015) 

have adopted this approach on the stumpage timber market. Also, empirical analysis has shown 

that commodity prices do not necessary have linear relations (Balagtas and Holt, 2009). (iii) 

Little attention has been given to pulpwood market, the last paper published on pulpwood market 

was more than 15 years ago by Yin et al. (2002). Since then, the timber market has been through 

several changes - e.g., the housing crisis in 2008 and the rise of a strong bioenergy market. (iv) 

We tested where pellet mills capacity have affected the cointegration process over time in the 

similar fashion as Bingham et al.(2003) but this paper uses logit models instead.     

 

3. The Pulpwood market in the US South 

The pulpwood market in the US South is composed three main type of buyers, Pulp and 

Paper Industries (PPI), Composite Panels, and pellet mills, as well as multiple landowners. These 

industries are capital intensive, have relatively constant demand for raw material and tend to be 

more concentrated than sawmills (Mei and Sun, 2008a, 2008b; Murray, 1995). In 2013, the 

South accounted for 79.5% of the pulpwood production in the US (169.12 million cubic meters), 

while the West shared 4.8% (10.21 million cubic meters) and the North shared 15.7% (33.37 

million cubic meters) (Howard and Kwameka, 2016). Softwood species account for 76% of the 

total harvest in 2013 (142 million of 186 million cubic meters) (Figure 3.2 – A).  
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In the last decade, the volume removed of timber decreased 19.5% (from 231.8 to 186.5 

million cubic meters) (Figure 3.2 – B). The supply of sawlogs and veneer had the most severe 

contraction with 54% and 35.6% respectively. Pulpwood supply, on the other hand, increased 

7.1% during the same period. 

The economic recession in 2008 partially explains the increase in pulpwood supply; 

prices of sawtimber were severely affected by the collapse of the housing market (Ince and 

Nepal, 2012). The ratio between sawtimber and pulpwood (softwood) prices have decreased 

from 5.3 to 2.6 between 2005 and 2013 (Figure 3.2 – C). Consequently, producers might have 

opted to intensify thinning or hold their forest until sawlog prices recover. The hardwood market 

also had a decrease in the price ratio; the management system, however, is different from 

softwood (Figure 3.2 – D). While softwood is composed mostly of a highly productive planted 

forest, hardwood has slow growth and natural forest. Also, the hardwood market is much 

smaller; they operate as a specialty market with fewer transactions.    

 

4. Smooth Transition Autoregressive Models (STAR) 

Only in the last years, forest economists have employed regime shifting techniques to 

estimate price transmission (Goodwin et al., 2011; Hood and Dorfman, 2015; Niquidet and 

Manley, 2011; Sun and Ning, 2014). These models have a significant advantage compared to 

their linear counterparts since the timber market faces high transaction costs (including 

transportation) that lead to a nonlinear adjustment to the equilibrium condition after an external 

shock (Serra et al., 2011).It is also more likely that timber prices have smooth adjustment instead 

of discrete. The rationality behind is the timber prices are formed by the average of many 
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transactions from heterogeneous agents. Therefore, the effect of an external shock would be 

absorbed in distinguished speeds across the market, creating a smooth process.  

Our model uses similar components from the previous literature on price transmission. 

Let 𝑦𝑦𝑡𝑡 = ln (𝑝𝑝𝑖𝑖𝑡𝑡/𝑝𝑝𝑖𝑖𝑡𝑡) be the natural log of the ratio between the stumpage price of pulpwood in 

micromarkets i and j at time t. For a pair price, the representation of a linear autoregressive 

model of order pth is  

 

∆𝑦𝑦𝑡𝑡 =  𝜑𝜑0 +  𝜑𝜑′𝑥𝑥𝑡𝑡 +  𝜃𝜃1𝑦𝑦𝑡𝑡−1 +  𝜀𝜀𝑡𝑡 (2)  

 

where  𝜑𝜑 = �𝜑𝜑𝑝𝑝, … ,𝜑𝜑𝑝𝑝−1�, 𝑥𝑥𝑡𝑡 = �∆𝑦𝑦𝑡𝑡−1, … ,∆𝑦𝑦𝑡𝑡−𝑝𝑝� and 𝜀𝜀𝑡𝑡 is a white noise. The STAR model 

(Terasvirta, 1994) for a univariate time series adds a transition function in Equation (2) as 

follows: 

 

∆𝑦𝑦𝑡𝑡 =  𝜙𝜙1�𝑥𝑥𝑡𝑡� �1 − 𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐)� +  𝜙𝜙2�𝑥𝑥𝑡𝑡� �𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐)� + 𝜀𝜀𝑡𝑡 (3) 

 

where 𝑥𝑥𝑡𝑡� = (1, 𝑥𝑥𝑡𝑡 ,𝑦𝑦𝑡𝑡−1), 𝜙𝜙1� = (0,𝜙𝜙1, 0)′, 𝜙𝜙2� = (𝜙𝜙2,0,𝜙𝜙2, 𝜃𝜃2)′, and 𝜃𝜃2 < 0 is required. 

𝐺𝐺(𝑠𝑠𝑡𝑡; 𝛾𝛾, 𝑐𝑐) is called a transition function, which changes from 0 to 1 as the transition variable 𝑠𝑠𝑡𝑡 

increases. Micromarkets i and j are considered completely integrated when 𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐) = 1 and 

not integrated when 𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐) = 0. This interpretation is possible because the first regime 

𝜙𝜙1�𝑥𝑥𝑡𝑡� �1 − 𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐)� is a unit root process without drift (the intercept and the coefficient on  

𝑦𝑦𝑡𝑡−1 are equal to zero) (Hood and Dorfman, 2015). The parameter c is the threshold between the 

two regimes. And, 𝛾𝛾 determinates the smoothness of the transition function and thus the regime 

shifting. 
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4.1 Transition Variable 

There are many candidates to represent the transition variables. In the finance literature, a 

typical candidate is the lag of the dependent variable (∆𝑦𝑦𝑡𝑡−1). Goodwin et al. (2011) proposed 

that  𝑠𝑠𝑡𝑡 should be represented by a moving average of the lags in 𝑦𝑦𝑡𝑡 defined as:  

 

𝑠𝑠𝑡𝑡 = �
1

𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚
� � 𝑦𝑦𝑡𝑡−𝑑𝑑

𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚

𝑑𝑑=1

(4) 

 

where 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 is the pre-specified lag limit. This specification agrees with the economic concept 

which the profit opportunities occur when there is a large discrepancy in relative prices 

compared to a given average. After a cautious analysis on the different model criteria 

(Loglikelihood, AIC and, BIC), we use 6 as 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 because in many cases timber market 

information (volume harvested and stock of wood) is available only after a year or longer 

periods.   

 

4.2 Transition Function 

The transition function, 𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐), might assume various forms. In this paper, we use 

two: (i) Logistic (LSTAR) (Equation (5)) and, (ii) Exponential (ESTAR) (Equation (6)).   

  

𝐺𝐺(𝑠𝑠𝑡𝑡;𝛾𝛾, 𝑐𝑐) = (1 + exp(−𝛾𝛾(𝑠𝑠𝑡𝑡 − 𝑐𝑐))−1 (5) 

𝐺𝐺(𝑠𝑠𝑡𝑡; 𝛾𝛾, 𝑐𝑐) = 1 − exp(−𝛾𝛾(𝑠𝑠𝑡𝑡 − 𝑐𝑐)2) (6) 
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where 𝛾𝛾 > 0 is required. To facilitate the optimization process, we modified Equation (5) and (6) 

by: (i) substituting 𝛾𝛾 by exp (−𝜂𝜂), which assures a positive value of  𝛾𝛾 without imposing any 

constraint, and (ii) dividing exp (−𝜂𝜂) by the standard deviation of the transition variable 𝑠𝑠𝑡𝑡, thus 

exp (−𝜂𝜂)  is transformed into a scale-free parameter.  

The LSTAR models embed linear and threshold regime shifting model in one function. 

When 𝛾𝛾 →  ∞, Equation (5) has a rapid change between 0 and 1, as in a threshold model, while 

when  𝛾𝛾 → 0, the LSTAR model reduces to a linear model. The ESTAR model, equation (6), on 

the other hands, become linear as 𝛾𝛾 →  ∞ or 𝛾𝛾 → 0. We compared and selected Equation (5) and 

(6) for every pair price using statistical criteria (AIC and Loglikelihood).  

 

4.3 Model Estimation  

Equation (3) was estimated using conditional Nonlinear Least Square (NLS). A critical 

step to reach the best solution is to select the initial values as close as possible to the global 

optimum. To assure optimality, we adopted an approached proposed initially by Terasvirta 

(1994) and also applied by Hood and Dorfman (2015) in the sawtimber stumpage prices. We ran 

the sum of square function conditioned on 𝜂𝜂 to a range pre-determined value (from -6 to 6) 

multiple times and selected the coefficients with the minimal Residual Sum of Squares (RSS). 

We estimated the coefficients on STAR model using Broyden-Fletcher-Goldfarb-

Shannon (BFGS) algorithm. Due to the large amount of price ratio (507 by model specification), 

a High-Performance Computing hardware was used through the software R; this approach 

reduced the estimation time to less than 1/50 time of that requirement for a typical PC.    
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5. Generalized Impulse Response Function (GIRF) 

This paper uses the Generalized Impulse Response Function (GIRF) (Koop et al., 1996) 

to explain how an external shock affects the equilibrium conditions in the price-pair model in 

Equation (3). The GIRF is defined as: 

 

𝐺𝐺𝐼𝐼𝑀𝑀𝐹𝐹(ℎ, 𝛿𝛿,Ω𝑡𝑡−1) = 𝐸𝐸�∆𝑦𝑦𝑡𝑡+ℎ��𝜀𝜀𝑡𝑡 =  𝛿𝛿𝑖𝑖 ,Ω𝑡𝑡−1�� − 𝐸𝐸[∆𝑦𝑦𝑡𝑡+ℎ|Ω𝑡𝑡−1] (7) 

 

where ℎ is the forecast time horizon, 𝛿𝛿𝑖𝑖 is the external shock at period 𝑗𝑗, and Ω𝑡𝑡−1 is the 

historical variable (∆𝑦𝑦𝑡𝑡−1 …∆𝑦𝑦𝑡𝑡−𝑝𝑝). The positive and negative shocks were analyzed to the time 

horizon (ℎ) of 48 months and their intensity at 𝑗𝑗 = 1 were ± one and three standard deviation 

from the residual. To estimate the expected values on Equation (7), we built ∆𝑦𝑦𝑡𝑡+(1,...,ℎ) from 

Equation (3) by bootstrapping 𝜀𝜀𝑡𝑡+(1,..,ℎ) 999 times.   

 

6.  Meta-Analysis  

To analyze the effects of the pellet mills on the cointegration of pulpwood markets over 

time, we estimated a logit regression using the results of 𝐺𝐺(. )𝑖𝑖𝑖𝑖𝑡𝑡 as the dependent variable. We 

defined the binary function 𝑍𝑍(. )𝑖𝑖𝑖𝑖𝑡𝑡 as 𝑍𝑍(. )𝑖𝑖𝑖𝑖𝑡𝑡  =  1 if 𝐺𝐺(. )𝚤𝚤𝚤𝚤𝑡𝑡�  >= 0.9 and 𝑍𝑍(. )𝑖𝑖𝑖𝑖𝑡𝑡  =  0 if 

𝐺𝐺(. )𝚤𝚤𝚤𝚤𝑡𝑡�  <  0.9.   

The independent variables tested are distance, the number of Pulp and Paper Industries 

and Composite Panel, and pellet mills capacity in both pairs. We expect a negative sign of 

distance since market shocks are not transmitted in distant markets. However, distance has also 

shown no specific trend in previous literature (Prestemon and Holmes, 2000; Yin et al., 2002). 

The market power of Pulp and Paper, and composite mills might define the market extension. 
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Their effects on cointegration can be mixed; the entry of more competitors might have a negative 

impact on price transmission since the local market will become stronger. However, a stronger 

market might not be affected but it will affect other surrounded locations. Mathematically, the 

binary regression is defined as: 

 

Pr�𝑍𝑍(. )𝑖𝑖𝑖𝑖𝑡𝑡 = 1�𝐗𝐗� =  𝐹𝐹(𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡𝐷𝐷𝐷𝐷𝑐𝑐𝐷𝐷𝑖𝑖𝑖𝑖 ,𝑀𝑀𝐹𝐹𝐹𝐹𝐷𝐷 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡𝑖𝑖𝑖𝑖𝑡𝑡 ,
𝐼𝐼𝐷𝐷𝐷𝐷𝐶𝐶𝑠𝑠𝑡𝑡𝐶𝐶𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡 ,𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡𝑠𝑠𝑖𝑖𝑗𝑗𝑡𝑡,𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝐼𝐼𝐷𝐷𝐷𝐷.𝑖𝑖𝑖𝑖𝑡𝑡 , 𝐿𝐿𝐹𝐹𝐿𝐿𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑐𝑐) + 𝜂𝜂𝑖𝑖𝑖𝑖𝑡𝑡  (8) 

 

where: • Pr [𝑍𝑍(. )𝑖𝑖𝑖𝑖𝑡𝑡 = 1|𝐗𝐗] is the probability 𝑍𝑍(. )𝑖𝑖𝑖𝑖𝑡𝑡 equals one, • 𝐹𝐹(. ) is the 𝑐𝑐𝐷𝐷𝑖𝑖 of the logit 

distribution, • 𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡𝐷𝐷𝐷𝐷𝑐𝑐𝐷𝐷𝑖𝑖𝑖𝑖 is the distance between centroids of micromarkets 𝑖𝑖 and 𝑗𝑗, • 

𝑀𝑀𝐹𝐹𝐹𝐹𝐷𝐷 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡𝑖𝑖𝑖𝑖𝑡𝑡 is the sum of the pellet capacity in green tons in region 𝑖𝑖 and 𝑗𝑗 during time 𝑡𝑡, •

 𝐼𝐼𝐷𝐷𝐷𝐷𝐶𝐶𝑠𝑠𝑡𝑡𝐶𝐶𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡 is the number of PPI and Composite Panel mills in region 𝑖𝑖 and 𝑗𝑗 at time 𝑡𝑡. • 

𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡𝑠𝑠𝑖𝑖𝑖𝑖𝑡𝑡 is a dummy variable which assumes value one if both price pairs have a pellet 

mill installed and zero otherwise, • 𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝐼𝐼𝐷𝐷𝐷𝐷.𝑖𝑖𝑖𝑖𝑡𝑡 is a dummy variable for the presence of PPI and 

Panel mills in 𝑖𝑖 and 𝑗𝑗, and 𝜂𝜂𝑖𝑖𝑖𝑖𝑡𝑡is the error term. The variable 𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡𝑖𝑖𝑖𝑖𝑡𝑡 and 𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝐼𝐼𝐷𝐷𝐷𝐷.𝑖𝑖𝑖𝑖𝑡𝑡 

also interact with 𝑀𝑀𝐹𝐹𝐹𝐹𝐷𝐷 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡𝑖𝑖𝑖𝑖𝑡𝑡 and 𝐼𝐼𝐷𝐷𝐷𝐷𝐶𝐶𝑠𝑠𝑡𝑡𝐶𝐶𝑦𝑦𝑖𝑖𝑖𝑖𝑡𝑡 respectively to capture their response when 

pellet mills or PPI and Composite Panel is present in market 𝑖𝑖 and 𝑗𝑗. 𝐿𝐿𝐹𝐹𝐿𝐿𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑐𝑐 equals one if the 

Smooth Transition Model used the Logistic transition function and zero if it adopted an 

exponential function.   
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7. Results 

This paper analyzes how the wood pellet production has affected pulpwood price 

dynamics in the US South. The dataset is composed of a bimonthly of softwood prices from 

2005 to 2015 of 39 microregions in the US South provided by Forest2Market. Pellet mills 

capacity and location were collected from the Biomass Magazine (http://biomassmagazine.com/) 

and the Southern Environmental Law Center (2018); we also called or emailed wood pellet 

plants with incomplete information. Data containing the location and status of PPI, and 

Composite Panel are from Forest2Market (2015). 

Based on the data and methods, we compare the differences in pulpwood prices between 

regions with and without pellet mills, followed by the results and discussion on the STAR 

models. 

 

7.1 Pulpwood Prices and Pellet Mills 

As of December 2015, the softwood pulpwood price was on average $7.00 per ton (± 

$2.90) in markets where there was no Pellet mill installed (PMNI - 21 micromarkets), and $9.65 

(± 3.65) in markets where Pellet mills were operating (PMI - 18 micromarkets), (Figure 3.3 – A 

and B). The regions PMNI and PMI have faced different trends since 2010. Pulpwood price in 

PMI has increased 33% since its previous lowest value in 2011; it almost reached the historical 

high at $10.24 per ton in 2010. On the other hand, prices in PNI have kept steady, increasing by 

only 9% since 2011.  

One might argue that pulpwood prices in PMI and PMNI have always had distinct values 

because of their local particularities. However, results from a t-test show that between 02/2005 

and 10/2011 their average prices presented a significant difference only in 10/2011 (Figure 3.3 - 



   

68 

A). After 10/2011, they became more likely to diverge and followed different trends. Also, PMI 

seems to have a stronger correlation with the total wood pellet capacity, while PMNI has no 

noticeable trend during this period. 

Many other factors might have affected pulpwood prices in PMI regions over the last 

year. Our initial regression analysis has not shown a significant impact of capacity on prices 

directly. However, it is evident that regions where pellet mills are installed have higher prices. 

Next, we explore the pulpwood market dynamics and its behavior after external shocks.  

 

7.2 Price Dynamics 

We examined the pulpwood price ratio between 39 microregions. For every 507 pairwise 

combinations, we run a Logistic STAR (LSTAR) model and the Exponential STAR (ESTAR) 

model. After comparing their performance by the AIC statistic, 157 pairs were better represented 

by LSTAR and 584 by ESTAR. Our results rejected the single market hypothesis in the US 

South as in previous studies; they reinforce not only the US South is composed by different 

market clusters, but also that the composition of these clusters varies across time.  

Each price pair has different behavior as its transition variable (𝑠𝑠𝑡𝑡) changes. The 

transition function (𝐺𝐺(. )) shift smoothly between regimes as in the pairs (4)/(34) and (13)/(14) 

(Figure 3.4). The sudden change from one regime to another indicates the presence of a large 

smoothness coefficient (𝛾𝛾�) and a sharp movement from one regime to another. In the exponential 

form, it translates into a fast change to another regime and back to the original one as in pairs 
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(4)/(13), and (13)/(32), which 𝛾𝛾� equals 365.1 and 81.5 respectively 5 (Table 3.1). On the other 

hand, in the logistic form, 𝑦𝑦𝑡𝑡 moves abruptly from one regime to another like in threshold 

models; pairs (4)/(18), and (13)/(15).  

The threshold variables (𝑐𝑐) also vary according to the pair analyzed; the price ratio of 

regions (13)/ (14), (13)/(15) and (4)/(13) were near one, while (13)/(32), (4)/(18) and (4)/(34) 

were 1.78, 1.24 and 1.51 respectively. As observed, there is no relation between smoothness 

speed (𝛾𝛾�) and the threshold variable. The pairs have different behavior according to their 

particularities.  

This diversity observed in the shape of smooth transition functions reveals an diverse 

feature of market agents’ behavior in the sense that in some pairs they have mixed reactions over 

a price change (smooth transition) and other have homogenous (sharp transition). It highlights 

the complexity of market relationship of each pair analyzed and shows the advantages of using 

non-linear approach to price transmission of stumpage timber to capture these movements. 

 

7.3 Price shocks simulations 

After estimating and selecting the best model for every pair, we simulated an external 

shock in their error term and calculated the GIRF.  

The significant advantage of using GIRF is its flexibility regarding a shock’s sign and 

size, and histories preceding the shocks. In contrast with the linear models, the nonlinear models 

are not restricted to symmetric reactions caused by different shock types. These features are 

                                                 

5 The higher value of 𝛾𝛾� the fasted is the transition; these results however is hardly compared to other source of 

studies because of the different source of data.  
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desirable when studying pairwise prices because they make possible to detect shifts from 

equilibrium when external shocks affect different markets. In a price ratio studies like this paper, 

a positive shock means an increase/decrease in the nominator/denominator prices while a 

negative shock indicates an increase/decrease in the denominator/nominator prices. After 

shocking the price ratio by one and three times the residual standard deviation, prices are 

expected to return to equilibrium which is represented by the straight line in the GIRF plots at 

Figure 3.5. If prices do not return to equilibrium the markets are inefficient and agents can 

practice arbitrage.  

The results of the GIRF suggest a range of adjustment speeds and symmetry of the 

pulpwood price ratio. In the first row, (4)/(13) and (13)/(14) returns to equilibrium between 12 

and 24 months after external shocks of one standard deviation on pulpwood price ratio (Figure 

3.5). On the other hand, (13)/(32) and (13)/(15) tends to achieve equilibrium but not within 48 

months. The price pairs that takes an extended period to adjust provides opportunities for higher 

profit rents. There was also a mixed reaction of price ratio analyzed over the different direction 

and magnitude.  

The reaction after external shock was asymmetric in most price pairs. In all cases 

selected, positive shocks showed the higher impact on price equilibriums. The positive shock in a 

pair (4)/(13) was four times as large as the negative shock. In the following periods, they have 

very similar shape and tend to adjust to equilibrium in similar speed, except for pairs (13)/(14) 

and (4)/(18) where negative shocks take longer adjustment. Price ratio (13)/(15) changes from 

positive to negative converging to zero in the long-run equilibrium.  

Surprisingly, the convergence to equilibrium presented similar speed when applied 

different shock sizes. Except for the last two plots at the second row in Figure 3.5, the adjustment 
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to equilibrium was very similar between the different shocks size. It demonstrated higher 

competitiveness within these market pairs, where few opportunities for rent profits are available 

even after stronger external shocks.   

 

7.4 Market Linkages  

Mapping market clusters with pairwise models is a tricky task. There are many possible 

combinations and, choosing a definitive one is often not possible. For instance, market A might 

be integrated with market B and C, but B and C are not necessarily linked. The complexity 

increases with the number of markets analyzed. If A is linked to {B, C, D}, B is linked to {A, C, 

D}, and C are only linked to {A, B}, a reasonable market cluster would be {A, B, C}. However, 

choosing C over D might be an arbitrary decision if market D is also linked to {A, B}.  

To overcome this issue, we presented a pairwise cointegration map using micromarket 

(4) and (13) as a reference for the softwood pulpwood market. Micromarket (4) and (13) have 

the most significant share of wood pellet capacity and are considered part of the “fuelsheds” that 

supply wood-based pellets to Europe (Dale et al., 2017). Further results are available in the 

supplementary material.  

We show the cointegration map of micromarket (4) and (13) in four specific periods: (i) 

the initial period analyzed (04/2005), (ii) the period when a pellet mill started operating in the 

region, (iii) the period when the market reached the maximum historical production capacity of 

wood pellet and (iv) the final period of our data (12/2015). 
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7.4.1 Micromarket (13) and (4) 

There is a substantial variation in composition and number of markets cointegrated with 

(13) and (4) over time (Figure 3.5 and 3.6). On average, 27 and 17 regions were cointegrated 

with (13) and (4) between 2005 and 2015 respectively, 30 and 22 at the highest peak (10/2006 

and 10/2005), and 22 and 12 at the lowest peak (6/2012 and 12/2008). For comparison, the other 

micromarkets studied are linked to 19 regions on average.  

The location of the market (13) justifies its number of cointegration markets. Southeast 

Georgia is known as the “wood basket”, where the stock of wood, removals, and growth are 

higher than any other place in the US. Even though its share of pulpwood removals is equivalent 

to 1%, when aggregated to micromarkets (12) and (15), they are responsible for 9% of the 

pulpwood removals in the US South (TPO, 2015). There are 13 Pulp and Paper, and composite 

mills operating in the region, the highest number in our sample. This concentration of consumers 

makes the local market dynamic and competitive. Also, these regions are dominant players in the 

long-run equilibrium in the sawtimber market (Mei et al., 2010). Therefore, it might not be an 

exaggeration to claim Southeast Georgia dominates or, at least, has a strong influence on the 

pulpwood market in the US South as well. 

Micromarket (4) is surrounded by a dynamic market as well, and it is a strong market 

itself. Only micromarket (4) shared 4% of the removals of the hardwood and softwood market in 

2015; this share increases to 12% when summed the removals from (1) and (2). Micromarket (4) 

is home to four PPI and Composite Panels and three pellet mills. Its internal market seems to be 

strong enough to protect it against movement in prices in another market since there is few 

micromarket integrated with them. Another region in a similar situation is micromarket (15), 
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which has the highest pulpwood removals (5%) and among the lowest number of regions 

cointegrated—18 on average, 24 and 13 on its highest and lowest peak respectively.   

The linkage of the market (13) and (4) seems to overcome geographical barriers since 

they are integrated to distant regions in the west. This outcome corroborates with previous 

studies. Prestemon and Holmes (2000) showed the coastal plain of South Carolina (Region 9 and 

7) is cointegrated with distant markets as well. According to their results,  this area is 

cointegrated with pulpwood markets in Texas (Regions 36 and 37), Louisiana (Regions 29) and 

Mississippi (Regions 20 (partially), 23, 24, 26). Yin et al., (2002) found similar evidence in 

Southeast Georgia, which was linked with all the 11 regions in the US South studied by them, 

except, ironically, by its nearest neighbor North Georgia.  

The geographical discontinuity of pulpwood market seems to relate to the market power 

exercised by PPI. Market (13) and (4) is often linked to regions with traditional pulpwood 

markets (15,30,4,29 and 38) or their closest neighbors. Also, there are few opportunities to 

reduce costs in a Pulp and Paper mill due to the substantial capital invested. Since the raw 

material account for 30% of the total costs (FisherSolve, 2018), it is expected that mill managers 

use information in different regions to negotiate the final price, thereby creating links with other 

pulpwood markets.  

On the other hand, the period with the lowest number of markets integrated was when the 

pellet production at microregion (13) and (4) reached the highest capacity. One explanation is 

that pellet mills might create stronger internal demand which protects local market against 

shocks from the market (13) and (04). Alternatively, the increase in price expectation was too 

low to impact their surrounding regions. Also, the most recent pellet mills are installed in regions 

where there is less competition, where PP or composite panels closed their operations 
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(Forest2Market, 2015). These regions probably have few transactions, and the pulpwood market 

was stagnating.  

 

7.5 Cointegration drivers 

To reexamine determinants of the spatial cointegration between pulpwood markets, we 

ran a series of regression analyses and evaluated the role of distance, pellet mills, and PPI and 

Composite Panels. We tested many specifications of Equation (8) to account for spatial and time 

heterogeneity like individual, time and micromarkets fixed effect, and the combination of 

micromarket and time fixed effect (Table 3.1). The results from individual fixed effects are not 

demonstrated because of perfect collinearity. The 𝑃𝑃𝑠𝑠𝐷𝐷𝐶𝐶𝐷𝐷𝐹𝐹 𝑀𝑀2 indicated a substantial gain in the 

model quality after considering spatial heterogeneity (from 0.07 to 0.15 in the Softwood model), 

while time fixed effect has shown little contribution.  

After accounting for spatial heterogeneity, 𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡𝐷𝐷𝐷𝐷𝑐𝑐𝐷𝐷 had a positive effect on the 

likelihood of cointegration among softwood markets. The probability of cointegration between 

two micromarket prices rises by 3% with each additional 500 miles airplane distances 

(𝐴𝐴𝐶𝐶𝐷𝐷𝐶𝐶𝐷𝐷𝐿𝐿𝐷𝐷 𝑀𝑀𝐷𝐷𝐶𝐶𝐿𝐿𝑖𝑖𝐷𝐷𝐷𝐷𝐶𝐶 𝐸𝐸𝑖𝑖𝑖𝑖𝐷𝐷𝑐𝑐𝑡𝑡 (𝐴𝐴𝑀𝑀𝐸𝐸) – Table 1). The counterintuitive effect of 𝐷𝐷𝑖𝑖𝑠𝑠𝑡𝑡𝐷𝐷𝐷𝐷𝑐𝑐𝐷𝐷 can be 

explained by transportation costs and the industry characteristics. The high transportation costs 

on timber products does not justify carrying pulpwood for long distances, which would imply a 

negative effect on cointegration as in Bingham et al., (2003). However, three features of the PPI 

and Composite Panels favor similar movement in prices among different regions: (i) they have 

strong market power when negotiating pulpwood prices, (ii) they are capital intensive and (iii) 

fiber is a large share of their total operation costs. Managers have more opportunity on reducing 
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fiber costs than any other place on the mill, therefore, price references might come from other 

similar mills located in different markets.  

Our thesis about fiber competition within PPI and Composite Panel is not supported by 

the results in the regression. On the contrary, 𝐹𝐹𝐹𝐹𝑡𝑡ℎ 𝐼𝐼𝐷𝐷𝐷𝐷. coefficients had opposite sign and 

𝐼𝐼𝐷𝐷𝐷𝐷𝐶𝐶𝑠𝑠𝑡𝑡𝐶𝐶𝑦𝑦 had a positive effect on cointegration but not statistically significant. The variable 

number of PPI and Composite Panel might not be as representative as its real timber 

consumption, though the latter is not accessible to bimonthly. 𝑀𝑀𝐹𝐹𝐹𝐹𝐷𝐷 𝑝𝑝𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷𝑡𝑡, on the other hand, 

presented negative relation but had no economic significance; for every additional 5000 tons of 

wood pellets capacity, the likelihood of cointegration decreases only 0.9%. When interacting 

with 𝐹𝐹𝐹𝐹𝑡𝑡ℎ, its sign inverted to positive, showing that output competition might impact input 

prices. A more appropriate variable of PPI and Composite Panel might indicate the same trend.  

Regarding market structure, Wood Pellet is similar to PPI and Composite Panels. Only 

seven companies dominate the wood pellet market. They have in total 70% of US wood pellet 

production capacity. Enviva has eight mills and 40% of southern wood pellet capacity (Forisk, 

2018). Pellet mills also have some market power degree which would lead to similar movements 

in pulpwood prices in facilities located in different regions. 

 

8. Conclusion  

This paper investigated the impact of the wood pellet mills in the pulpwood prices 

dynamics in the US South. We adopted a STAR model with regimes shifting between 

cointegrated and non-integrated markets. This study expanded previous research on forest 

products by adding a powerful tool such as the STAR models.  
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Our results suggest that there are no specific market clusters in the US South, but every 

pair of micromarket has its relationship. Markets are connected in many configurations; 

practitioners should consider not only spatial aspects but also similar market structure. The GIRF 

combined with nonlinear models revealed a complex relation between timber prices. Investors 

should be aware of market behavior not only from its surrounding but also a similar market in 

distant regions.  

An aspect less explored in this paper is the role of the timber suppliers. Even though we 

assumed the supply side is composed by many landowners; there is a substantial landownership 

concentration in areas nearby pulp and paper mills. These market power might weaken market 

linkage since prices will be determined by local conjectural variance. Future research should 

include these variables to capture the entire market dynamics.  

Finally, the answer to our initial question is “Yes,” the wood pellet mills have impacted 

pulpwood prices dynamics. Wood pellet mills have shown a mixed impact depending on the 

market structure of surrounding markets. Further studies could evaluate how these mills have 

affected price directly by evaluating its elasticities.   
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9. Figures and Tables 

 

 

Figure 3-1 Distribution of the Pulpwood consumers. The numbers represent the micromarkets 

for timber defined by Forest2Market.Sources: (i) Pellets Mills: Southern Environmental Law 

Center and Biomass Magazine (ii) Composite panel and Pulpmills: USDA Forest Service 
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Figure 3-2 (A) Share of Hardwood and Softwood harvested in US South by product – 2013. (B) 

Total volume harvested in the US South by product between 2005 and 2013. (C) Softwood - 

Percentage of Pulpwood removed and Price Ratio of Sawlog and Pulpwood. (D) Hardwood -

Percentage of Pulpwood removed and Price Ratio of Sawlog and Pulpwood. Sources: (i) Timber 

Removals: Timber Products Output Studies (TPO) – USDA Forest Service. (ii) Timber prices: 

Timber2Market. 
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Figure 3-3 (A) and (B): Real softwood pulpwood stumpage prices (Average on micromarkets 

with (PMI) and without Pellet Mills (PMNI) installed – 02/2015 to 12/2015). Vertical dotted 

lines indicate the period in which the average prices in PMI and PMNI were statistically different 

at 10% of significance level. Source: (i) Forest2Market, (ii) Pellet Mills: Southern Environmental 

Law Center and Biomass Magazine. 
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Figure 3-4 Transition function versus the respective transition variable of select price pairs,  st =

�1
6
�∑ yt−66

d=1  
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Figure 3-5 Generalized Impulse Response Functions (GIRFs) of pulpwood price ratio of selected 

micromarkets. The shocks are positive or negative, one or two times the Residual Standard Deviation 

(RSD).  
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Figure 3-6 Spatial distribution of 38 micromarkets of softwood pulpwood. Reference: 

Microregion (13). 
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Figure 3-7 Spatial distribution of 38 micromarkets of softwood pulpwood. Reference: 

Microregion (4). 

 

 

 

 

 

 

 

 

 

 

 



Table 3.1 Core results of the Smooth Transition Autoregressive Model (STAR): Selected Region
Pairs.

Selected Region Pairs

(4)/(13) (4)/(18) (4)/(34) (13)/(14) (13)/(32) (13)/(15)

c 0.018∗∗ 0.220∗∗∗ 0.415∗∗∗ 0.000 0.061 0.580
(0.010) (0.003) (0.037) (0.011) (0.053) (0.020)

φ11 -0.237 -0.485∗∗ -0.342 0.744∗∗ 0.084 0.891
(0.802) (0.123) (4.665) (0.303) (0.145) (3.148)

φ12 - 0.273∗∗ -0.207 0.008 -0.141 0.192
- (0.100) (0.099) (0.100) (0.122) (2.250)

φ13 - - -1.967 - - -1.278
- - (13.434) - - (1.98)

φ14 - - - 4.309 - - -0.699
- - (8.874) - - (1.399)

φ15 - - - - - 0.042
- - - - - (1.128)

φ20 -0.175∗∗∗ 0.218∗∗ 0.072∗∗∗ 0.041∗∗ 0.189∗∗∗ 0.131∗∗

(0.036) (0.086) (0.024) (0.019) (0.038) (0.052)
φ21 -0.098 -0.160 -0.206∗∗ 0.744 0.627 -0.388∗∗

(0.091) (0.252) (4.665) (0.303) (0.002) (0.109)
φ22 - -0.195 -0.282∗∗∗ - 0.682∗∗∗ -0.503∗∗∗

- (0.224) (0.103) - (0.152) (0.103)
φ23 - - -0.159∗ - - -0.329∗∗∗

- - (0.093) - - (0.105)
φ24 - - -2.74∗ - - 2.66∗∗∗

- - (0.09) - - (0.092)
φ25 - - - - - -0.235∗∗∗

- - - - - (0.091)
θ2 -0.541∗∗∗ -0.580∗∗∗ -0.090∗ 0.726∗∗∗ -1.335∗∗∗ -0.137∗

(0.098) (0.254) (0.050) (0.110) (0.205) (0.083)
γ 2.460 81.451 33.115 54.598 365.037 24.533

- - - - - -

Model ESTAR LSTAR ESTAR ESTAR LSTAR ESTAR
R2 0.310 0.260 0.330 0.340 0.440 0.470

Note: Other region pairs are avaliable in the complementary material. ESTAR =
Exponential Smooth Autoregressive Model, LSTAR = Logistic Smooth Autoregres-
sive Model. φij = the autoregressive coefficients where i represent the regime and j
the autoregressive order. c = threshold variable, γ = smoothness variable, θ2 = error
correction of the second regime. θ1 and φ10 are equal to zero by the random walking
assumption in the first regime.
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Table 3.2 Meta-Analysis Regression Results: Softwood Pulpwood.

Fixed Effect Micromarket j - Fixed Effect APE
OLS Time Micromarket i Micromarket j Zijt = I(G(.)ijt > 0.95) Zijt = I(G(.)ijt > 0.99) Micromarket j - Fixed Effect
(1) (2) (3) (4) (5) (6) (7)

Distanceij −0.175∗∗∗ −0.174∗∗∗ −0.151∗∗∗ −0.153∗∗∗ −0.141∗∗∗ −0.113∗∗∗ −0.039∗∗∗

(0.013) (0.013) (0.016) (0.015) (0.015) (0.015) (0.002)
WoodPelletijt −0.005 −0.012 0.001 −0.032 −0.031 −0.062∗∗∗ −0.006

(0.021) (0.022) (0.025) (0.023) (0.023) (0.023) (0.004)
BothPelletsijt −0.497∗∗∗ −0.507∗∗∗ −0.464∗∗∗ −0.187∗∗∗ −0.231∗∗∗ −0.370∗∗∗ −0.020∗∗

(0.057) (0.058) (0.060) (0.065) (0.065) (0.065) (0.011)
Industryijt −1.245 −1.199 3.360∗∗ −1.583 −1.544 −0.900 −0.333

(1.115) (1.116) (1.491) (1.166) (1.159) (1.152) (0.246)
Both Ind.ijt 0.328∗∗∗ 0.329∗∗∗ 0.146∗∗ 0.573∗∗∗ 0.547∗∗∗ 0.513∗∗∗ 0.017∗∗∗

(0.051) (0.051) (0.057) (0.093) (0.092) (0.091) (0.0076)
Logistic −1.697∗∗∗ −1.699∗∗∗ −1.856∗∗∗ −1.963∗∗∗ −1.865∗∗∗ −1.727∗∗∗ −0.410∗∗∗

(0.027) (0.027) (0.029) (0.029) (0.029) (0.030) (0.005)
WoodPelletijt ×Bothijt 0.313∗∗∗ 0.317∗∗∗ 0.269∗∗∗ 0.220∗∗∗ 0.227∗∗∗ 0.286∗∗∗ 0.03∗∗∗

(0.041) (0.042) (0.043) (0.044) (0.044) (0.043) 0.008
Industryijt × Both Ind.ijt −3.795∗∗∗ −3.803∗∗∗ −2.269 −9.489∗∗∗ −9.693∗∗∗ −10.009∗∗∗ −2.312∗∗∗

(1.242) (1.243) (1.385) (1.383) (1.375) (1.367) (0.163)

Pseudo R2 0.07 0.08 0.10 0.12 0.11 0.09

Note: APE = Average Partial Effect, Zijt = I(G(.)ijt > 0.95 (0.99)) = probability of market linkage greater than 95% (99%). Distanceij = Distance between markets i and j,
WoodPelletijt = wood pellets capacity in market i and j at time j, BothPelletsijt = 1 if regions i and j have wood pellet production, 0 otherwise. Industryijt = quantity of forest
industry in region i and j at time t. Both Ind.ijt = 1 if regions i and j have any forest industry, 0 otherwise. Logistic = 1 if Logistic Smooth Transition Autoregressive Model
(LSTAR), 0 if Exponential Smooth Transition Autoregressive Model (ESTAR).
∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
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Chapter 4 : Perfect Assumptions in an Imperfect World: Oligopsony Power in the 

Pulpwood Market in the U.S. 

 

Abstract: This paper assesses the market power of the pulpwood market in different regions of 

the U.S. We estimated the conjectural elasticity, elasticities of substitution and price elasticities 

for the delivered price at the mill in Southeast and North U.S. and the stumpage in the Southeast. 

We assembled data composed of price and quantity consumed of Labor, Energy, Chemical 

Products and Wood at firms’ level from Q4/2016 to Q4/2017. The results indicate moderate 

levels of oligopsony power in all markets, with the highest effect at the mill in the North, and 

lowest in the stumpage market in the South. Market power in the pulpwood market is strongly 

driven by industry concentration and local company size.   

Keywords: Conjectural Elasticities, Pulpwood Market, Southern U.S., Market Power.  
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1. Introduction 

The best of all monopoly profits is a quiet life”  Hicks (1935). 

Hicks’s preceding quote could also be applied to the case of monopsony profits in the 

input market, especially in the natural resource and agricultural sectors. Natural resources and 

many agriculture products are characterized by imperfect competitive behavior; these markets 

often have an oligopsony structure where prices are formed from the interaction between a large 

number of sellers and few buyers. The high concentration of buyers concerns public and private 

organizations since it could cause price distortion and unfair competition. Oligopsonists have 

incentives to define prices at a lower level than in a perfectly competitive environment, leading 

to misallocation of resources and reduction of producer surplus of input goods. 

In the U.S., there is historical interest in the market power exercised by Pulp and Paper 

Industries (PPI). The concentration ratio of the four and eight largest PPI (CR4 and CR8) are 

61% and 84.5% respectively (United States Census Bureau 2012). Even with the expansion of 

the wood pellet production and the consequent increase in competition for pulpwood (Abt et al.  

2014), pulpmills have by far the most significant share of pulpwood consumption. In the 

Southeast U.S., pulpmills consumed 83% of the softwood pulpwood, while pellet mills have 4% 

and OSB 13% in 2014. The hardwood pulpwood market is even more concentrated; 93% of the 

total volume feeds pulpmills, and 7% goes to OSB during the same period (Forest2Market 2014).  

Transportation costs and the wood supply curve have a substantial impact on the 

pulpwood market in addition to the industry concentration. Pulpmills expand or contract their 

geographical dominance according to the ratio between transportation costs and pulpwood 

prices. The higher the transportation costs, the more significant is the influence of the pulpmills 

in local markets. Also, the timber supply curve is inelastic (Parajuli and Chang 2015; Polyakov 
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et al. 2005), increasing the likelihood of suppressing local prices without substantially affecting 

the total amount of timber supplied.   

A systematic lack of competition concerns timberland investors and public market 

observers. This market imperfection of pulpwood might lead to (i) misallocation of resources, 

such as less production of pulpwood, (ii) incentives to landowners to merge or to unify 

(Khajuria, Kant, and Laaksonen-Craig 2005), and (iii) harmful effects on social welfare as 

defined as reductions in maximum efficiency in perfect competition (Brown et al. 2012; Niquidet 

and Van Kooten 2006).  However, even with evidence from the theory, it is not clear to which 

extent a pulpmill can influence pulpwood prices.  

Studies on oligopsony power in the forest sector have shown mixed results. Murray 

(1995a) and Mei and Sun (2008) found evidence of market power in the pulpwood and sawlog 

market in the U.S. According to both studies, there was a substantial increase in the market 

power over the past decades, mainly by the pulpmills. However, even with an oligopsony 

market, Murray (1995b) did not find any welfare distortion that justifies government 

intervention. Mead (1966) also detected the prevalence of non-competitive practices in the 

supply of Douglas Fir from national forests. A few other studies in North America, however, 

suggested a competitive market in the US – Pacific North Region (Campbell 1996) and Canada 

(Bernstein 1992). 

Most of the research in Scandinavia indicates at least a moderate level of oligopsony 

power. Results from Brannlund (1989) provide evidence of the monopsony in the Swedish 

pulpwood market. However, Bergman and Brannlund (1995) highlight that the competitiveness 

in the Swedish pulpwood market varied with time, with high competition levels between the 

1960s and 1970s and almost full monopsony in the 1990s. Researchers have not found common 
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ground in the Finnish pulpwood market either; different periods and tests suggest opposite 

conclusions. While parametric tests indicate a competitive market between 1965 and 1994 

(Ronnila and Toppinen 2000), the non-parametric analysis suggests monopsony levels in 1990, 

1992 and 1993 in Finland (Kallio 2001; Kallio and Kallio 2002).  Monopsony structure is also 

dominant in the sawlog market in Norway (Stordal and Baardsen 2002, Kumbhakar, Baardsen, 

and Lien 2012). 

 The variety of results in the topic can be related to the assessment methods and data 

characteristics. Aggregate data for a region assumes a certain level of homogeneity among firms. 

This assumption is often not realistic since firms have different strategies and cost structure. So, 

why aren’t there many publications with firm-level data? Because costs and sales information are 

confidential and hard to have access among academics. To our knowledge, in the agricultural and 

forest sector, only Paul (2001), Perekhozhuk et al., (2013), Stordal and Baardsen (2002) and 

Kumbhakar, Baardsen, and Lien (2012) studied market power using plant-level data; the first in 

the U.S. meat packing, the second on dairy industries in Hungary, and the last two papers with 

sawlogs in Norway.  

Since distance plays a significant role in the timber prices, assessing oligopsony power 

with disaggregated data should lead to more accurate results than otherwise if good data were 

available. Here we assessed the oligopsony power and cost structure of three different datasets: 

(i) U.S. Southeast delivered pulpwood at the firm level, (ii) U.S. Southeast stumpage prices 

(regional markets) and (iii) U.S. Northern States delivered pulpwood at the firm level.  

These two regional markets are different enough to separate them into two models. The 

US Southeast has the most productive forests in the U.S., while the Northern Forest has slow 

growing species and less intensive management. The use of desegregated data allows us to study 
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the different market structure within a country over the course of time. Analyzing the data for 

stumpage markets also provides some insights about the market power of the logger.  

Our contribution to the current literature consists of (i) the assessment of the oligopsony 

power at the plant level and micromarket, and (ii) estimation of price elasticities for all regions 

analyzed. Our data is composed of quantity and prices of labor, chemical, energy, and wood for 

74 pulpmills; 55 are located in the Southeast U.S. and 19 in the Northern States. We assess the 

market competitiveness deriving the Conjectural Elasticity (CE) from a translog cost function.  

The paper is structured as follows. First, we introduce the literature on market power and 

previous application in the forest market. Next, the theoretical framework and the empirical 

model developed are described. The paper finishes with results and implications.  

 

2. Theoretical framework 

The classical economic assumption of perfect competition with the atomistic market is 

rarely valid. Goods can be easily differentiated either by quality or spatial restrictions; assessing 

the market power is, therefore, an essential tool to understand the market structure and identify 

practices that cause market imperfections.  

There is a vast literature on market concentration and imperfect competition. Initial 

research on assessing the market power adopted the Structural Conduct Approach (SCP). SCP 

focused on understanding the relationship between industry concentration index and firm's 

profits. Even with a significant contribution in the Industrial Organization literature, its lack of 

theoretical foundation discouraged further development (Stigler 1968).  

To mitigate the lack of theoretical background of the SCP, economists have developed a 

new framework called New Empirical Industrial Organization (NEIO). The advantage of the 
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NEIO is that it measures the market power directly through the conjectural variation (the reaction 

of a competitor as one company varies its output or price) grounded on the production economics 

and game theory. An enormous number of studies applied the NEIO, including in agriculture and 

forestry (see Perekhozhuk et al. (2016) for a detailed survey). They commonly rely on the 

calculation of Conjectural Elasticity (CE) to determine the degree of market power, Equation (1). 

 

𝜃𝜃𝑖𝑖 =  
𝜕𝜕𝜕𝜕
𝜕𝜕𝑞𝑞𝑖𝑖

𝑞𝑞𝑖𝑖
𝜕𝜕

 (1) 

 

where 𝜕𝜕 denotes the industry output/input and 𝑞𝑞𝑖𝑖 is the output (input) of firm 𝑗𝑗, 𝜃𝜃𝑖𝑖  measures the 

market response to a change in the quantity produced (consumed) by firm 𝑗𝑗; the value of 𝜃𝜃𝑖𝑖  

ranges from 0 to 1, which zero indicates perfect competition (the marginal cost of a product 

equals the market price) and one suggests a monopoly or monopsony market (marginal factor 

cost is equated to the value marginal product). Equation (1) can be used to assess either 

oligopoly (e.g., Appelbaum 1982) or oligopsony (e.g., Murray 1995a).  

The CE and the optimal consumption of the input in a non-competitive market are 

derived from a profit function. Consider the profit function of a representative firm 𝑗𝑗: 

 

𝜋𝜋𝑖𝑖 = 𝑃𝑃𝑖𝑖𝑞𝑞𝑖𝑖 − 𝑤𝑤𝑖𝑖𝑛𝑛𝑤𝑤𝑥𝑥𝑖𝑖𝑛𝑛𝑤𝑤 − 𝑤𝑤𝑖𝑖𝑤𝑤 𝑥𝑥𝑖𝑖𝑤𝑤 (2) 

 

Where 𝑃𝑃𝑖𝑖 is a vector of output prices and 𝑞𝑞𝑖𝑖 their respective quantities, 𝑤𝑤𝑖𝑖𝑛𝑛𝑤𝑤  and 𝑥𝑥𝑖𝑖𝑛𝑛𝑤𝑤 are 

the price and quantity vectors of nonwood inputs, 𝑤𝑤𝑖𝑖𝑤𝑤 = 𝐿𝐿−1(𝑥𝑥𝑖𝑖𝑤𝑤 ) is the inverse function of the 
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wood input supply, and 𝑥𝑥𝑖𝑖𝑤𝑤 is the quantity consumed of wood. Assuming price-taking in the 

outputs and all the inputs except for wood 6, the first order conditions of Equation (2) are: 

 

𝑃𝑃𝑖𝑖
𝜕𝜕𝑞𝑞𝑖𝑖
𝜕𝜕𝑥𝑥𝑖𝑖𝑛𝑛𝑤𝑤

 =  𝑤𝑤𝑖𝑖𝑛𝑛𝑤𝑤 (3.1) 

𝑃𝑃𝑖𝑖
𝜕𝜕𝑞𝑞𝑖𝑖
𝜕𝜕𝑥𝑥𝑖𝑖𝑤𝑤

 =  𝑤𝑤𝑖𝑖𝑤𝑤  +  
𝜕𝜕𝑤𝑤𝑖𝑖𝑤𝑤

𝜕𝜕𝑥𝑥𝑖𝑖𝑤𝑤
𝑥𝑥𝑖𝑖𝑤𝑤 (3.2) 

 

In an analogy to the markup, Equation (3.2) can be manipulated to the markdown 

representation 7 (Paul, 2001): 

 

𝑉𝑉𝑀𝑀𝑃𝑃𝑖𝑖𝑤𝑤 =  𝑃𝑃𝑖𝑖
𝜕𝜕𝑞𝑞𝑖𝑖
𝜕𝜕𝑥𝑥𝑖𝑖𝑤𝑤

=  𝑤𝑤𝑖𝑖𝑤𝑤 �1 +  
𝜃𝜃𝑖𝑖
𝐸𝐸
� =  −

𝜕𝜕𝐶𝐶𝑖𝑖
𝜕𝜕𝑥𝑥𝑖𝑖𝑤𝑤

= 𝑍𝑍𝑖𝑖𝑤𝑤 = 𝑀𝑀𝐹𝐹𝐶𝐶𝑖𝑖𝑤𝑤  (4) 

 

Where 𝑗𝑗 stands for each plant and 𝑤𝑤 for the wood product, 𝑉𝑉𝑀𝑀𝑃𝑃𝑖𝑖𝑤𝑤 is the Value Marginal 

Product, 𝑀𝑀𝐹𝐹𝐶𝐶𝑖𝑖𝑤𝑤   is the Marginal Factor Cost. 𝐸𝐸 = (𝜕𝜕𝑚𝑚
𝜕𝜕w

)(𝑤𝑤
𝑤𝑤

𝑚𝑚𝑤𝑤
) is the own price elasticity of the 

                                                 

6Assuming pulpmills are price takers in the inputs market (labor, capital and materials) is reasonable since the input 

markets are not as sensitive as pulpwood to spatial location. For the output market on the other hand, pulp and paper 

industry have some oligopoly power (e.g., Mei and Sun,2008). However, our output data is not disaggregated by the 

type of paper or pulp and the oligopoly power is small, so we assume perfect competition.  

 

7  𝑃𝑃𝑖𝑖
𝜕𝜕𝑞𝑞𝑗𝑗
𝜕𝜕𝑚𝑚𝑗𝑗

𝑤𝑤  =  𝑤𝑤𝑖𝑖𝑤𝑤  +  
𝜕𝜕𝑤𝑤𝑗𝑗

𝑤𝑤

𝜕𝜕𝑚𝑚𝑗𝑗
𝑤𝑤 𝑥𝑥𝑖𝑖𝑤𝑤 =  𝑤𝑤𝑖𝑖𝑤𝑤  +  

𝜕𝜕𝑤𝑤𝑗𝑗
𝑤𝑤

𝜕𝜕𝑚𝑚𝑗𝑗
𝑤𝑤 𝑥𝑥𝑖𝑖𝑤𝑤

𝑤𝑤𝑗𝑗
𝑤𝑤

𝑤𝑤𝑗𝑗
𝑤𝑤 =  𝑤𝑤𝑖𝑖𝑤𝑤 �1 + 1

𝐸𝐸𝑗𝑗
� =  𝑤𝑤𝑖𝑖𝑤𝑤 �1 + 

𝜃𝜃𝑗𝑗
𝐸𝐸
� where  𝐸𝐸𝑖𝑖 = �

𝜕𝜕𝑚𝑚𝑗𝑗
𝑤𝑤

𝜕𝜕𝑤𝑤𝑗𝑗
𝑤𝑤� �

𝑤𝑤𝑗𝑗
𝑤𝑤

𝑤𝑤𝑗𝑗
𝑤𝑤� =  𝐸𝐸

𝜃𝜃𝑗𝑗
 

is the derived price elasticity of mill 𝑗𝑗.  
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pulpwood supply, 𝜃𝜃𝑖𝑖  is the Conjectural Elasticity defined in Equation (1). − 𝜕𝜕𝐶𝐶𝑗𝑗
𝜕𝜕𝑚𝑚𝑗𝑗

𝑤𝑤 = 𝑍𝑍𝑖𝑖𝑤𝑤 is the 

shadow value of wood for plant 𝑗𝑗 (Lau 1978).  

Equation (4) gathers the revenue and cost sides of the profit maximization condition in an 

input market subject to market power; its derivatives represent therefore any change from the 

maximum input allocation, revealing the amount of deviation from perfect competition. 

Two main approaches estimate the Conjectural Elasticity (CE): (i) the primal production 

function (e.g., Azzam and Pagoulatos 1990; Mei and Sun 2008) and, (ii) the dual cost function 

(e.g., Paul 2001; Stordal and Baardsen 2002). The primal approach estimates the production 

function and the uncompensated input demand functions, whereas the dual approach is based on 

a cost function and its respective compensated input demand functions. Here, we adopted the 

dual approach because it facilitates the estimation of the elasticity of substitution and price 

elasticities. Also, our data is more suitable for cost function estimation.  

 

2.1 Cost Equations  

We based our model on a translog cost function. A translog function is a second order 

Taylor approximation of a twice-differentiable production function and has no prior restriction 

on partial elasticities of substitution 8. It is a flexible function and widely adopted among 

practitioners.  

                                                 

8 Generalized Leontief and Generalized Cobb-Douglas also have these properties (see details in Griffin et al 1987, 

and Thompson 1988). However, when we attempted to use these functions we encountered serious singularity 

problems.  
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Another important specification is the price representation. For instance, Paul (2001) 

derived the inverse of Shepard’s Lemma optimization condition, where input prices are functions 

of the CE and input demand. On the other hand, Stordal and Baardsen (2002) employed the 

traditional Shepard’s Lemma where the input demand is a function of the CE and input prices. 

We opted to use the latter price representation because it facilitated the convergence of the 

coefficients and minimized the problems with collinearity.  

Let 𝑗𝑗 be a representative pulpmill, 𝑡𝑡 be time, 𝑖𝑖 and 𝑘𝑘 be the inputs Labor, Energy and 

Chemical Products, 𝑞𝑞𝑖𝑖𝑡𝑡 the output quantity, 𝐾𝐾𝑖𝑖𝑡𝑡 is the capital, defined as the number of 

machinery per mill 𝑗𝑗 and period 𝑡𝑡, 𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 the pulpwood prices consumed and  𝑤𝑤𝑖𝑖𝑡𝑡
𝑖𝑖(𝑘𝑘)the input prices 

𝑖𝑖(𝑘𝑘). The empirical translog cost function is represented as: 
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ln (𝑇𝑇𝐶𝐶𝑖𝑖𝑡𝑡) =  𝛽𝛽0 + 𝛽𝛽𝑄𝑄 ln�𝑞𝑞𝑖𝑖𝑡𝑡� +
1
2
𝛽𝛽𝑄𝑄𝑄𝑄 ln�𝑞𝑞𝑖𝑖𝑡𝑡� ln�𝑞𝑞𝑖𝑖𝑡𝑡� +  

1
2
��𝛽𝛽𝑖𝑖𝑘𝑘ln (𝑤𝑤𝑖𝑖𝑡𝑡𝑖𝑖  )ln (𝑤𝑤𝑖𝑖𝑡𝑡𝑘𝑘)

3

𝑘𝑘

3

𝑖𝑖

 + 

 � 𝛽𝛽𝑖𝑖𝑖𝑖ln (𝑤𝑤𝑖𝑖𝑡𝑡𝑖𝑖  )ln (𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 + 
𝜃𝜃
𝐸𝐸
�) 

3

𝑖𝑖
+

1
2
𝛽𝛽𝑖𝑖𝑖𝑖 ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 +  

𝜃𝜃
𝐸𝐸
�� ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 +  

𝜃𝜃
𝐸𝐸
�� + 

1
2
𝛽𝛽𝐾𝐾𝐾𝐾 ln�𝐾𝐾𝑖𝑖𝑡𝑡� ln�𝐾𝐾𝑖𝑖𝑡𝑡� +  � 𝛽𝛽𝑖𝑖𝐾𝐾ln (𝑤𝑤𝑖𝑖𝑡𝑡𝑖𝑖  ) ln�𝐾𝐾𝑖𝑖𝑡𝑡�) 

3

𝑖𝑖
+  𝛽𝛽𝑄𝑄𝐾𝐾 ln�𝑞𝑞𝑖𝑖𝑡𝑡� ln�𝐾𝐾𝑖𝑖𝑡𝑡� + 

𝛽𝛽𝐾𝐾𝑖𝑖 ln�𝐾𝐾𝑖𝑖𝑡𝑡� ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 +  
𝜃𝜃
𝐸𝐸
��  +  𝛽𝛽𝑄𝑄𝑖𝑖 ln�𝑞𝑞𝑖𝑖𝑡𝑡� ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 +  

𝜃𝜃
𝐸𝐸
�� (5)

 

Following the Shepard’s Lemma 𝜕𝜕ln (𝑇𝑇𝐶𝐶𝑗𝑗𝑗𝑗)
𝜕𝜕ln (𝑤𝑤𝑗𝑗𝑗𝑗

𝑖𝑖  )
=  

 𝑤𝑤𝑗𝑗𝑗𝑗
𝑖𝑖 𝑄𝑄𝑗𝑗𝑗𝑗
𝑇𝑇𝐶𝐶𝑗𝑗𝑗𝑗

=  𝑆𝑆𝑖𝑖𝑡𝑡𝑖𝑖    and 𝜕𝜕ln (𝑇𝑇𝐶𝐶𝑗𝑗𝑗𝑗)

𝜕𝜕ln (𝑤𝑤𝑗𝑗𝑗𝑗
𝑤𝑤�1+ 𝜃𝜃𝐸𝐸� )

=

 
 𝑤𝑤𝑗𝑗𝑗𝑗

𝑤𝑤�1+ 𝜃𝜃𝐸𝐸�𝑄𝑄𝑗𝑗𝑗𝑗
𝑇𝑇𝐶𝐶𝑗𝑗𝑗𝑗

=  𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤  =  𝜕𝜕ln (𝑇𝑇𝐶𝐶𝑗𝑗𝑗𝑗)

𝜕𝜕ln (𝑤𝑤𝑗𝑗𝑗𝑗
𝑤𝑤�1+ 𝜃𝜃𝐸𝐸� )

/ �1 +  𝜃𝜃
𝐸𝐸
�   for the wood prices, we derived from Equation 

(5) the share functions: 

 

𝑆𝑆𝑖𝑖𝑡𝑡𝑖𝑖 =  𝛽𝛽𝑖𝑖 + � 𝛽𝛽𝑖𝑖𝑘𝑘 ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑘𝑘�
3

𝑘𝑘
+  𝛽𝛽𝑖𝑖𝑤𝑤ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 +  

𝜃𝜃
𝐸𝐸
�� +  𝛽𝛽𝑖𝑖𝑄𝑄ln (𝜕𝜕𝑖𝑖𝑡𝑡 ) +  𝛽𝛽𝑖𝑖𝑘𝑘ln (𝐾𝐾𝑖𝑖𝑡𝑡 )               (6.1) 

 

𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 =
1

 �1 + 𝜃𝜃
𝐸𝐸�

[𝛽𝛽𝑖𝑖 +  � 𝛽𝛽𝑖𝑖𝑖𝑖 ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑘𝑘�
3

𝑖𝑖
+   � 𝛽𝛽𝑖𝑖𝑖𝑖 ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑖𝑖  � ln�𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 + 

𝜃𝜃
𝐸𝐸
��

3

𝑖𝑖
+ 

𝛽𝛽𝑖𝑖𝑄𝑄ln (𝜕𝜕𝑖𝑖𝑡𝑡 ) + 𝛽𝛽𝑖𝑖𝐾𝐾ln (𝐾𝐾𝑖𝑖𝑡𝑡 )]
(6.2) 

 

Where, symmetry in input prices (𝛽𝛽𝑖𝑖𝑘𝑘 =  𝛽𝛽𝑘𝑘𝑖𝑖) and linear homogeneity in input prices 

(∑ 𝛽𝛽𝑖𝑖3
𝑖𝑖 = 1 𝐷𝐷𝐷𝐷𝐷𝐷 ∑ 𝛽𝛽𝑖𝑖3

𝑖𝑖 =  ∑ 𝛽𝛽𝑋𝑋𝑖𝑖3
𝑖𝑖 =  ∑ 𝛽𝛽𝑞𝑞𝑖𝑖3

𝑖𝑖 = 0) are imposed. The symmetry of the parameters 

guarantees the symmetry of the Hessian matrix and, linear homogeneous assures costs will 

change in the same proportion when all input price changes.  
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2.2 Parameter-Varying Oligopsony Model 

The above model specification estimates the static CE (𝜃𝜃�  = 𝜃𝜃); it does not consider the 

spatial-temporal variation. A common procedure to capture these effects is to calculate the CE as 

a function of multiple variables (e.g., Mei and Sun 2008; Murray 1995a; Paul 2001), here 

represented as: 

 

𝜃𝜃𝑖𝑖𝑡𝑡 =  𝛿𝛿0𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 +  𝛿𝛿1𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡2 (7) 

 

Where 𝐻𝐻𝐻𝐻𝐼𝐼 stands for Herfindahl-Hirschman Index. 𝐻𝐻𝐻𝐻𝐼𝐼 is a well-known measure of 

market concentration. In a market with 𝐷𝐷 firms, the market share of firm 𝑗𝑗 is defined as 𝑠𝑠𝑖𝑖 =

𝑥𝑥𝑖𝑖/∑ 𝑥𝑥𝑖𝑖𝑛𝑛
𝑖𝑖=1 , then 𝐻𝐻𝐻𝐻𝐼𝐼 is  

 

𝐻𝐻𝐻𝐻𝐼𝐼 =  �𝑠𝑠𝑖𝑖2
𝑛𝑛

𝑖𝑖=1

 𝐷𝐷𝐷𝐷𝐷𝐷  �𝑠𝑠𝑖𝑖

𝑛𝑛

𝑖𝑖=1

= 1 (8) 

  

Under monopoly,  𝐷𝐷 = 1, 𝑠𝑠𝑖𝑖 = 1 and  𝐻𝐻𝐻𝐻𝐼𝐼 = 1. As 𝐷𝐷 →  ∞, markets are perfectly 

competitive and 𝐻𝐻𝐻𝐻𝐼𝐼 → 0. We thus replaced 𝜃𝜃  by 𝜃𝜃𝑖𝑖𝑡𝑡  (Equation 7) on the system of equations 

on Equations (5), (6.1) and (6.2). Note that, 𝜃𝜃𝑖𝑖𝑡𝑡 can now measure the CE by plant and period  

In sum, we analyzed the market power using three models: (i) Perfect competition, 

imposing perfect competition (𝜃𝜃�  = 0); (ii) Statics, where 𝜃𝜃 is constant (𝜃𝜃�  = 𝜃𝜃) and (ii) 

Parameter Varying, where 𝜃𝜃 varies according to 𝐻𝐻𝐻𝐻𝐼𝐼 of company 𝑗𝑗’s market at time 𝑡𝑡 (Equation 

7). For each of these models, we analyzed the oligopsony in Southeast softwood pulpwood at the 

mill, Southeast softwood stumpage, and Northern states hardwood pulpwood at the mill. 
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2.2.1 Computing the Herfindahl – Hirschman Index (HHI) 

We estimated the 𝐻𝐻𝐻𝐻𝐼𝐼 for every pulpmill based on their market size and the local 

demand. The definition of market amplitude is a circle of 50 miles radius around the plant. 

Beyond this area the transportation of pulpwood would be increase greatly due to high 

transportation costs.  

After defining the market size, we calculated the local demand and the 𝐻𝐻𝐻𝐻𝐼𝐼. For instance, 

if the market size of firm 𝑗𝑗 does not overlap with any other mill, the local 𝐻𝐻𝐻𝐻𝐼𝐼 equals one 

(monopsony). On the other hand, if it overlaps with mill 𝑖𝑖, the local demand would be therefore 

𝑋𝑋𝑖𝑖𝑡𝑡 =  𝑥𝑥𝑖𝑖𝑡𝑡 + 𝑥𝑥𝑖𝑖𝑡𝑡 ∗ 𝐴𝐴𝐼𝐼𝑖𝑖𝑖𝑖, where 𝐴𝐴𝐼𝐼 is the overlap area between the two mills and 𝑥𝑥𝑖𝑖(𝑖𝑖)𝑡𝑡 is the 

demand for wood of mill 𝑗𝑗(𝑖𝑖) at period 𝑡𝑡. The local 𝐻𝐻𝐻𝐻𝐼𝐼 is then �𝑥𝑥𝑖𝑖𝑡𝑡/𝑋𝑋𝑖𝑖𝑡𝑡�
2

+  �𝑥𝑥𝑖𝑖𝑡𝑡 𝑋𝑋𝑖𝑖𝑡𝑡� ∗ 𝐴𝐴𝐼𝐼𝑖𝑖𝑖𝑖�
2
. 

Generalizing for 𝐷𝐷 > 2  these steps is represented as: 

 

𝑋𝑋𝑖𝑖𝑡𝑡 =  𝑥𝑥𝑖𝑖𝑡𝑡 +  𝑥𝑥𝑖𝑖𝑡𝑡 ∗ 𝐴𝐴𝐼𝐼𝑖𝑖𝑖𝑖  ∀  𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝐼𝐼𝑖𝑖𝑖𝑖 > 0 (9.1) 

𝑋𝑋𝑖𝑖𝑡𝑡 =  𝑥𝑥𝑖𝑖𝑡𝑡  ∀  𝐴𝐴𝐼𝐼𝑖𝑖𝑖𝑖 = 0  (9.2) 

𝐻𝐻𝐻𝐻𝐼𝐼 =   �
𝑥𝑥𝑖𝑖𝑡𝑡
𝑋𝑋𝑖𝑖𝑡𝑡
�
2

+  ��𝑥𝑥𝑖𝑖𝑡𝑡 𝑋𝑋𝑖𝑖𝑡𝑡� ∗ 𝐴𝐴𝐼𝐼𝑖𝑖𝑖𝑖�
2

 ∀  𝐴𝐴𝐶𝐶𝐷𝐷𝐷𝐷𝐼𝐼𝑖𝑖𝑖𝑖 > 0
𝑛𝑛

𝑖𝑖=1

 (9.3) 

𝐻𝐻𝐻𝐻𝐼𝐼 = 1 ∀  𝐴𝐴𝐼𝐼𝑖𝑖𝑖𝑖 = 0 (9.4) 

2.2.2 Model Estimation 

The system of equations (5), (6.1) and (6.2) is estimated jointly since their error terms are 

correlated. Also, the covariant error matrix of the four share functions is singular. Therefore one 

share equation must be dropped to estimate the coefficients (Bernt and Wood 1975). We dropped 

the chemical share cost and imposed linear homogeneity and divided labor, wood and energy 

prices by the chemical prices. Thus, there is a substantial reduction in the number of parameters 
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and collinearity. The coefficients of the chemical equation are obtained from the linear 

homogeneity restriction as follows. 

 

𝛽𝛽𝐶𝐶 = 1 −   𝛽𝛽𝐿𝐿 −  𝛽𝛽𝐸𝐸 −  𝛽𝛽𝑖𝑖 

𝛽𝛽𝐶𝐶𝐸𝐸 = 0 − 𝛽𝛽𝐿𝐿𝐸𝐸 +  𝛽𝛽𝐸𝐸𝐸𝐸 +  𝛽𝛽𝑖𝑖𝐸𝐸 

𝛽𝛽𝐶𝐶𝐿𝐿 = 0 − 𝛽𝛽𝐿𝐿𝐿𝐿 −  𝛽𝛽𝐸𝐸𝐿𝐿 −  𝛽𝛽𝑖𝑖𝐿𝐿 

𝛽𝛽𝐶𝐶𝑖𝑖 = 0 − 𝛽𝛽𝐿𝐿𝑖𝑖 −  𝛽𝛽𝐸𝐸𝑖𝑖 −  𝛽𝛽𝑖𝑖𝑖𝑖 (10) 

 

The estimation of cost equations is likely to face endogenous variables, mainly between 

the input prices and output quantity. Also, market power defines input prices as endogenous. We 

addressed it by adopting the Non-Linear Iterated Three Steps Least Square (IT3SLS) version of 

Zellner (1962). The iterated methods compute the cross-equation covariance matrix recursively 

until their estimates converge into an optimum solution. For each model (Static and Parameter-

Varying), we defined a set of instruments that better represented the data modeling (Table 4.1).  

A problem faced in the practical implementation of oligopsony models is the 

identification of 𝜃𝜃 and 𝐸𝐸; their estimation needs additional information about the timber supply 

relationship. A possible solution is to add a timber supply function to the system of equations (5), 

(6.1) and (6.2). However, if this supply function is not well specified, it will lead to a 

specification problem in the overall system (Paul, 2001). Paul suggests that 𝐸𝐸  could be 

determined a priori to side-step this problem. A priori estimation of 𝐸𝐸 is also popular among 

other market power studies (e.g., Azzam and Pagoulatos 1990; Mei and Sun 2008; Murray 

1995a). Because our data suffers from multicollinearity, adding one more equation to the system 

would just aggravate the problem as we have observed in the first attempts. Therefore, we opted 
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to impose a scalar value 𝐸𝐸 = 0.3  as suggested by Polyakov, Teeter, and Jackson (2005) and 

Newman (1987) instead of risking a misspecification in the supply function.  

 

2.3 Elasticities of Substitution and Price Elasticities 

Since the coefficients in the system of equation are difficult to interpret, a  common 

practice is to estimate the elasticities of substitution and price elasticities to help understand price 

responses. To determine the level of substitution of inputs, we calculated the elasticities of 

substitution using Allen – Hicks partial elasticities of Substitution (AES) between input 𝑖𝑖 and 𝑗𝑗 

(Equation 11.1 and 11.2). 

 

𝜎𝜎𝑖𝑖𝑘𝑘 =  
𝛽𝛽𝑖𝑖𝑘𝑘  +  𝑆𝑆𝑖𝑖𝑆𝑆𝑘𝑘 − 𝑆𝑆𝑖𝑖

𝑆𝑆𝑖𝑖𝑆𝑆𝑘𝑘
, 𝑖𝑖,𝑘𝑘 = 𝐿𝐿,𝐶𝐶,𝐸𝐸,𝑀𝑀   ∀  𝑖𝑖 = 𝑘𝑘  (11.1) 

  

𝜎𝜎𝑖𝑖𝑘𝑘 =  
𝛽𝛽𝑖𝑖𝑘𝑘  +  𝑆𝑆𝑖𝑖𝑆𝑆𝑘𝑘

𝑆𝑆𝑖𝑖𝑆𝑆𝑘𝑘
,   𝑖𝑖,𝑘𝑘 = 𝐿𝐿,𝐶𝐶,𝐸𝐸,𝑀𝑀           ∀  𝑖𝑖 ≠ 𝑘𝑘  (11.2) 

 

If 𝜎𝜎𝑖𝑖𝑘𝑘 > 0, the increasing in the 𝑗𝑗𝑡𝑡ℎ price increases the quantity of input 𝑖𝑖, and they are 

Allen – Hicks substitutes. If 𝜎𝜎𝑖𝑖𝑘𝑘 <  0, they are net complements. 

Even though AES is a traditional measure of substitution, it does not effectively calculate 

the elasticities under more than two inputs. The relationship among many inputs becomes 

complicated, and the results from AES might be meaningless (Blackorby and Russel 1989). The 

Morishima Partial Elasticities of Substitution (MOS) overcomes this limitation and has the 

additional advantage of not imposing symmetry between the inputs. Mathematically, MOS is 

expressed as: 

𝜂𝜂𝑖𝑖𝑘𝑘 =  𝑆𝑆𝑘𝑘(𝜎𝜎𝑖𝑖𝑘𝑘 −  𝜎𝜎𝑘𝑘𝑘𝑘), 𝑖𝑖,𝑘𝑘 = 𝐿𝐿,𝐶𝐶,𝐸𝐸,𝑀𝑀  (12) 
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Where 𝑆𝑆𝑘𝑘 is the share of input 𝑘𝑘. 

Finally, the own and cross-price conditional elasticities of demand can be calculated as 

follows 

 

𝜖𝜖𝑖𝑖𝑘𝑘 =  𝑆𝑆𝑘𝑘𝜎𝜎𝑖𝑖𝑖𝑖  𝑖𝑖,𝑘𝑘 = 𝐿𝐿,𝐶𝐶,𝐸𝐸,𝑀𝑀.  (13) 

  

We then calculated the standard errors of these elasticities by bootstrapping the 

distribution of their respective coefficients 𝛽𝛽𝑖𝑖𝑘𝑘.  

 

2.4 Welfare Effects   

The welfare effects of potential loss of perfect competition can be estimated by the Value 

Marginal Revenue of Pulpwood (𝑉𝑉𝑀𝑀𝑃𝑃𝑖𝑖𝑤𝑤). Subtracting Equation (4) (𝑉𝑉𝑀𝑀𝑃𝑃𝑖𝑖𝑤𝑤 =  𝑤𝑤𝑖𝑖𝑤𝑤 �1 +  𝜃𝜃𝑗𝑗
𝐸𝐸
�) by 

𝑤𝑤𝑖𝑖𝑤𝑤 from both sides of the marginal social loss can be calculated as follows: 

 

𝑉𝑉𝑀𝑀𝑃𝑃𝑖𝑖𝑤𝑤 −  𝑤𝑤𝑖𝑖𝑤𝑤 =  � 
𝜃𝜃𝑖𝑖
𝐸𝐸
�𝑤𝑤𝑖𝑖𝑤𝑤 (15) 

 

Where 𝜃𝜃𝑗𝑗
𝐸𝐸

 is analogous to the Lerner Index of Monopoly ((𝑃𝑃 −𝑀𝑀𝐶𝐶)/𝑃𝑃).  

The total loss is then the integral of the left-hand side of Equation (15) between the 

quantity of wood consumed/supplied in perfect competition and oligopsony condition. We 

follow Murray (1995b) to estimate changes in the social welfare.  
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The change on the pulpwood supply (Equation 16.1) and demand (Equation 16.2) curve 

can be approximated by linearization around the relatively small changes from the baseline 

value.  

 

∆𝑥𝑥𝑖𝑖𝑡𝑡
(𝑠𝑠)𝑤𝑤 =  𝐸𝐸 �

𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤

𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤
�Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 (16.1) 

 

∆𝑥𝑥𝑖𝑖𝑡𝑡
(𝑑𝑑)𝑤𝑤 =  𝜖𝜖𝑤𝑤𝑤𝑤 �

𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤

𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 �1 +  
𝜃𝜃𝑖𝑖
𝐸𝐸�
��Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 +   

𝜃𝜃𝑖𝑖
𝐸𝐸
𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤� (16.2) 

  

where 𝐸𝐸 is the own-price elasticity of the supply curve, 𝜖𝜖𝑤𝑤𝑤𝑤 is the own-price elasticity of the 

demand curve, 𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 and 𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤 are the reference value. Equations (16.1) and (16.2) must be equal in 

equilibrium (∆𝑥𝑥𝑖𝑖𝑡𝑡
(𝑑𝑑)𝑤𝑤 =  ∆𝑥𝑥𝑖𝑖𝑡𝑡

(𝑠𝑠)𝑤𝑤 =  ∆𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤).  

The change in the producer and consumer surplus are defined as: 

 
Δ𝑃𝑃𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 =  Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤 − 0.5Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤Δ𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤 (17.1) 

 

Δ𝐶𝐶𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 =  −Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤 + 0.5Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤𝑖𝑖Δ𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤 (17.2) 

 

where Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤𝑖𝑖 =   � 𝜃𝜃𝑗𝑗
𝐸𝐸
�𝑤𝑤𝑖𝑖𝑤𝑤. Finally, the net welfare effect (Dead Weight Losses - DWL) is: 

 

𝐷𝐷𝑀𝑀𝐿𝐿𝑖𝑖𝑡𝑡𝑤𝑤 =  Δ𝐶𝐶𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 + Δ𝑃𝑃𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 (18) 
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Graphically, Δ𝑃𝑃𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 = 𝐷𝐷𝐶𝐶𝐷𝐷𝐷𝐷 𝐹𝐹𝑖𝑖 (𝐴𝐴 + 𝐶𝐶), Δ𝐶𝐶𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 =  𝐷𝐷𝐶𝐶𝐷𝐷𝐷𝐷 𝐹𝐹𝑖𝑖 (𝐴𝐴 − 𝐶𝐶) and 𝐷𝐷𝑀𝑀𝐿𝐿𝑖𝑖𝑡𝑡𝑤𝑤 =

𝐷𝐷𝐶𝐶𝐷𝐷𝐷𝐷 𝐹𝐹𝑖𝑖 (𝐹𝐹 + 𝐶𝐶) in Figure 4.1. Since we have the values of 𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤 ,𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 and 𝐸𝐸, and we estimate 𝜖𝜖𝑤𝑤𝑤𝑤 

and  𝜃𝜃𝑖𝑖  with Equations (5) to (6.1), we can solve Equations (16) to (18) algebraically by 

imposing economical equilibrium (∆𝑥𝑥𝑖𝑖𝑡𝑡
(𝑑𝑑)𝑤𝑤 =  ∆𝑥𝑥𝑖𝑖𝑡𝑡

(𝑠𝑠)𝑤𝑤 =  ∆𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤) and solve for  Δ𝑤𝑤𝑖𝑖𝑡𝑡𝑤𝑤 𝐷𝐷𝐷𝐷𝐷𝐷 ∆𝑥𝑥𝑖𝑖𝑡𝑡𝑤𝑤, 

then for Δ𝑃𝑃𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤, Δ𝐶𝐶𝑆𝑆𝑖𝑖𝑡𝑡𝑤𝑤 and  𝐷𝐷𝑀𝑀𝐿𝐿𝑖𝑖𝑡𝑡𝑤𝑤 .  

Unfortunately, it is not possible to calculate the total consumer and producer surplus. 

Assuming linearity to estimate them would cause a greater distortion on the final value due to the 

deviation from the true model. A possible solution would be to estimate the supply curve; 

however, it can cause stronger multicollinearity and bias the estimation of the elasticity of 

demand if supply is misspecified.  

 

3. Data  

We analyzed the market structure in two regions and different timber prices in the U.S. In 

the Southeast we analyzed delivered wood and stumpage prices of softwood, whereas in the 

North we investigated only the delivered wood prices of hardwoods. The dataset is composed of 

quarterly input (Labor, Chemical materials, Energy, and Wood) and, output prices and quantities 

between 2016-Q4 and 2017-Q4 for 74 pulpmills in the U.S. (Figure 4.2 - A), which 55 are in the 

Southern and 19 in the Northern states (Midwest and Northeast of the U.S.). The mills in the 

West were excluded because of the sample size (two), but we still describe the regional statistics 

for comparison.  

In 2017 – Q4 the total capacity (softwood and hardwood) in the U.S. South was 80.4% 

(45.3 million of 56.3 million Bone Dry Short Tons - BDST), while the Northeast represents 7.9% 
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(4.4 million BDST), Midwest and West consume 11.2% (6.3 million BSDT) and 0.5% (306 

thousand BDSDT) respectively.  

Pulpwood production in the Southern and Western States is mostly composed of 

softwood timber. The annual average softwood consumption in the Southeast and the West were 

78% (3.6 million of 4.6 million BDST) and 85% (2.6 million of 3.1 million BDST) respectively. 

On the other hand, hardwood represents 77% (4.7 million of 6.1 million BDST) and 71% (2.3 

million of 3.3 million BDST) of the total consumption in the Midwest and the Northeast States. 

There is no significant difference between the quarters analyzed in wood consumption or share 

costs (Figure 4.2 – A and B).  

Energy and Labor together account for more than 50% of the total costs in every region 

analyzed; the southern states have the lowest cost allocation on labor with approximately 25% of 

the total cost. In comparison, costs with wood are 40% of the total cost in the Midwest, Northeast 

and Southeast state, while in the West it has around 10% of the total cost (Figure 4.3 – B).  

As a measure of capital, we used the number of machines per mill. The average number 

of machines per mill in the US South was 145, while in the West was 114 machines and, in the 

Midwest and Northeast were 132 and 153 respectively. As expected though, the U.S. South has 

the most variety of sizes, from 52 to 344 machines per pulpmill. The pulpmills in the U.S. South 

produce a variety of products that require different sizes and types of machines. 

 

3.1 Data Aggregation 

The unit of timber prices at the mill is a dollar per Bone Dry Short Ton ($/BDST) (2,000 

pounds of wood material at zero percent moisture content); therefore, these prices include 

harvesting, transportation, and stumpage prices. However, most of the landowners and forest 
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investors in the U.S. South are interested in stumpage prices market power. To estimated that, we 

aggregated the pulpmill data (Labor, Chemical, Energy and quantity of Wood) for 26 

micromarkets defined by the consultant company Forest2Market (F2M) 9 (Figure 4.2 - B). We 

focused on softwood because it has the largest market share, has a density that is relatively 

homogenous in comparison to hardwood, and could be converted from BDST to tons with more 

accuracy.   

Prices of Labor, Chemicals, and Energy were averaged over the pulpmills located inside 

each micromarket whereas their respective quantities were summed. To estimate the amount of 

wood consumed in each micromarket, we assumed a circle of 50 miles of radius around every 

mill and assumed all timber supplied would come from inside this area. Procurement areas could 

be larger than that, but costs would increase significantly, so that radius was reasonable for the 

base model.  If a pulpmill is in between more than one region, the volume of wood is spread over 

the share of the areas in each region. Forest2Market provided the pulpwood stumpage prices for 

every quarter from Q4/2016 to Q4/2017. 

3.2 Stumpage Herfindahl – Hirschman Index (HHI) 

Since the stumpage data available is aggregated by the 26 micromarkets, we had to adapt 

the computation of  𝐻𝐻𝐻𝐻𝐼𝐼 in regional scale. The market share in each micromarket is the ratio of 

the total volume of softwood timber consumed in the micromarket 𝑚𝑚 to the total softwood 

timber consumed in the Southeast. The market share in the Southeast stumpage market and its 

𝐻𝐻𝐻𝐻𝐼𝐼 is thus represented as follows: 

 

                                                 

9 Forest2Market is a consultant firm located in the U.S. South - https://www.forest2market.com/. 
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𝑠𝑠𝑚𝑚 =
𝑥𝑥𝑚𝑚

∑ 𝑥𝑥𝑖𝑖𝑛𝑛
𝑖𝑖=1

 𝐷𝐷𝐷𝐷𝐷𝐷 𝐻𝐻𝐻𝐻𝐼𝐼𝑚𝑚 =  �𝑠𝑠𝑖𝑖2
𝑛𝑛

𝑖𝑖=1

 (14) 

where 𝑠𝑠𝑚𝑚 and 𝐻𝐻𝐻𝐻𝐼𝐼𝑚𝑚 also, vary over time t.  

 

4. Results and Discussion 

This paper assesses the oligopsony power in the pulpwood market of the (i) Southeast at 

mills level - softwood, (ii) Southeast stumpage – softwood and (iii) Northeast at mills level – 

hardwood. For every market, we estimated a translog cost function and, price elasticity and 

elasticity of substitution. 

 

4.1 Conjectural Elasticities (CE)  

In Table 4.2 and 4.3 we present the Non-Linear IT3SLS estimates of the translog cost 

function for the Southeast mills, Northern States mills, and Southeast Stumpage with symmetry 

and homogeneity imposed. The coefficients β𝑖𝑖𝑖𝑖, where 𝑖𝑖 and 𝑗𝑗 are the combination of the 

production factors Chemicals (𝜕𝜕), Labor (𝐿𝐿), Energy (𝐸𝐸), Pulpwood (𝑀𝑀) and Capital (𝐾𝐾), are 

later used to estimate the elasticity of substitution and price elasticities. The last row in the table 

presents the Conjectural Elasticity (CE) or θ; the CE value varies from 0 (perfect competition) to 

1 (monopsony). For every market analyzed, we ran three models: (i) imposing perfect market 

(𝜃𝜃�  =  0), (ii) static oligopsony model (𝜃𝜃�  = 𝜃𝜃), which does not vary according to either space or 

time (Table 4.2), and (iii) Parameter-Varying oligopsony model (𝜃𝜃�𝑖𝑖𝑡𝑡  = 𝛿𝛿0𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 +  𝛿𝛿1𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡2 ), 

which varies according to region/mill 𝑗𝑗 and time 𝑡𝑡 (Table 4.3). Most mill markets exhibited some 

degree of oligopsony in the static and parameter-varying model. Southeast stumpage reviewed 

market power only in the parameter-varying model.  
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The estimated R2 ranges from 0.29 in the Southeast Stumpage (Table 4.2) to 0.78 in the 

Northern States (Table 4.3). Normality of the residuals was rejected at 10% of significance in all 

equations; this result indicates that estimating the model with Full Information Maximum 

Likelihood (FIML) would not be adequate for this dataset.  

 

4.2 Perfect Competition and Static Model 

The difference between the coefficients on the perfectly competitive model (𝜃𝜃�  =  0) and 

static oligopsony (𝜃𝜃�  = 𝜃𝜃) was not very large. In terms of magnitude, there was not much 

variance between the parameters, except the variables that are directly affected by 𝜃𝜃 like the 

estimates of the cost share of wood. For instance, in the Southeast, 𝛽𝛽𝑘𝑘𝑘𝑘 was negative in the 

oligopsony model and not significant in the perfect competition (though also negative). The 

Northern model, on the other hand, presented clear differences in five coefficients, 

𝛽𝛽0,𝛽𝛽𝑄𝑄,𝛽𝛽𝑄𝑄𝑄𝑄 𝐷𝐷𝐷𝐷𝐷𝐷 𝛽𝛽𝑖𝑖𝑖𝑖 . They were significantly different from zero at 10% level only in the 

oligopsony model, while 𝛽𝛽𝐾𝐾𝑖𝑖  and  𝛽𝛽𝐸𝐸𝐾𝐾 were significant only in the static model. The Southeast 

Stumpage had similar coefficients between the two models. The difference between regions is 

partially explained by the market power, which were greater in the Northern States than in the 

Southeast and not significant in the Southeast Stumpage.   

The values of CE indicate significant market power in the Southeast (θ = 0.34, ±0.071), 

Northeast (θ = 0.76, ± 0.216) but not significant in the Southeast Stumpage pulpwood market 

between Q1/2016 and Q4/2017. The stronger market power in the Northeast is explained by the 

mills' costs and the difference in the structure of the land ownership. Pulpmills in the US 

Northeast and Midwest have the highest manufacturing costs per output in the country 

(Greenleaf 2014); according to the authors, the costs per finished short ton (FST) in the South is 
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approximately $400, whereas in the Northeast and Midwest are around $550 and $620 per FST. 

The higher costs lead to lower profit, pressuring mill managers to reduce costs on the input 

market, like pulpwood.  

Also, forest ownership concentration in the Southern states is higher than in the North of 

the U.S. The share of properties greater than 100 acres owned by families is 34% of the total 

forest area in the Southern states (74.2 of 216.2 million acres) and 22% in the U.S. North (37.6 

of 170 million acres) (Butler and Leatherberry 2004). The impact of forest landowners’ structure 

increases when considering the different management goals of these families. According to 

Butler and Leatherberry, Northern landowners do not consider timber production as an essential 

priority, while in the South, land investment is among their top three goals. Since family 

landowners in the Northern and Southern states count for 32% and 23% of the total forestland 

owned by private entities in the U.S. (127.6 and 93.9 of 393 million acres respectively), their 

behavior could have a more significant impact in the North. If timber production is not a primary 

goal, landowners may be less aware of market opportunities and more likely to be price takers.  

In addition, the concentration of institutional investors in the Southern states might also 

restrict the market power of pulpmills. Most of the industrial forest was bought by Timberland 

Investment Management Organizations (TIMOs) or spun off into Real Estate Investment Funds 

(REITs) in the 1990s and 2000s. Altogether they owned 10% of the timberland and 

approximately 26% of planted forest in the U.S. South in 2010 (Zhang, Butler, and Nagubadi 

2012); according to the authors, these areas are mostly located near industrial clusters. TIMOs 

and REITs have therefore a certain degree of oligopoly power as sellers in these areas which 

might cancel out the oligopsony power of pulpmills, balancing market prices at closer to prices 

for perfect competition.  
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In the Northern states, there was a substantial increase in the share of land ownership by 

finance investors. Between 2005 and 2007, TIMOs and REITs purchased 2.6 million acres of 

publicly-announced northern timberland (James W. Sewall Company 2007). However, the 

region does not seem to offer higher returns than in the South. Results from Wan et al. (2015) 

indicate that under a mixed portfolio optimization, the allocation of investment in timberland in 

the Northeast U.S. is almost zero, whereas there is a consistent allocation to U.S. South and 

Pacific Norwest.  

Last, the timber market in the U.S. South is more diverse and has more investments than 

in the North. Also, over the last years, the market in the U.S. South seems to attract more 

investments. The largest pellet mills are in the U.S. South, like Enviva’s manufactures in North 

Carolina and Florida. Sawmills investors have announced expansion (e.g., West Fraser, Biewer 

Lumber, Two Rivers Lumber Company, Georgia-Pacific and Slick Rock Lumber) 

(Forest2Market 2016) and greenfield investments in the Southern States (e.g., Georgia-Pacific, 

Canfor, Rex Lumber C, and a joint investment between Canada’s Tolko Industry and Lousiana-

based Hint Forest Products) (F&W 2018). This large number of investments will compete for 

wood of all type, or at least encourage timber owners to manage their forest for longer rotations, 

thus also providing more competition in the pulpwood market.  

 

4.3 Parameter – Varying Model 

The Parameter Varying Model has the advantage of assessing the market power per mill 

(Southeast and North of U.S.) or micromarket in the stumpage model (Southeast). However, 

because this data is sensitive, we present only averages per state and micromarkets. The 

estimated CE are on average 𝜃𝜃� = 0.29 (± 0.09) in the Southeast for pulpmills, 𝜃𝜃�  = 0.18 (± 0.20) 
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in the Northern States for pulpmills and 𝜃𝜃� = 0.23 (± 0.09) in the Southeast for stumpage 

pulpwood (Table 4.3).  

The difference between the static and parameter-varying in the Northern states seems to 

be related to the competitive clusters and spatial monopsonies. 𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 values in the Northern 

states goes from perfect competition (𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡  =  0) to monopsony (𝐻𝐻𝐻𝐻𝐼𝐼𝑖𝑖𝑡𝑡 = 1) per mill, reflecting 

directly on the CE, which varies from 0 to 0.52. Comparing to the Southeast though, the 

Northern region still has greater CE in the extreme values; the 95% percentile in the Southeast is 

0.39 while in the Northern states is 0.52.  

Market power in the delivered prices seems to be higher than in the stumpage price in the 

U.S. South. Even though it is not significant, this difference might illuminate some 

characteristics of the timber supply chain in the region. Stumpage prices are commonly 

negotiated with wood dealers or independent loggers; their job is to harvest and transport the 

timber to the mills’ gate. Since pulpmills cannot directly influence changes in the stumpage 

prices as much as delivered prices, our results suggest that wood dealers or loggers and other 

intermediate players might absorb the market power of the pulpmills partially. Of course, these 

aspects vary locally since the number of loggers might change by region.  

The 𝐻𝐻𝐻𝐻𝐼𝐼 has a quadratic relation with the conjectural elasticity in the Southeast U.S and 

Northern states model, and a linear effect in the Southeast Stumpage (Table 4.3). In the 

Southeast model, there is a diminishing effect of 𝐻𝐻𝐻𝐻𝐼𝐼, that is there is a limit on the impact of 

pulpwood prices as 𝐻𝐻𝐻𝐻𝐼𝐼 increases. After 𝐻𝐻𝐻𝐻𝐼𝐼 surpasses 0.66, an increase on 𝐻𝐻𝐻𝐻𝐼𝐼 reduces the 

conjectural elasticity. This fact might be related to local forest inventory and concentration of 

other wood consumers. Knowing their options to sell pulpwood are limited in areas with high 
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𝐻𝐻𝐻𝐻𝐼𝐼, landowners might restrict their production to sawtimber. And, some large trees may be 

pulped as well as pulpwood can be used for chip-and-saw.  

The relationship between 𝐻𝐻𝐻𝐻𝐼𝐼 and CE in the Northern states is similar to the Southeast. 

In the North, the CE is near zero until 𝐻𝐻𝐻𝐻𝐼𝐼 reaches 0.11, thereafter it increases considerably. 

𝐻𝐻𝐻𝐻𝐼𝐼 indicates positive impacts in both regions. The concentration of input demand in a few mills 

lead to more market power.   

The positive effect of HHI is also observed in the Stumpage prices. Market power seems 

to the stronger in the West part of the U.S. South and decreases as moves to the eastern states, 

except Alabama where pulpwood market is the most competitive among the pulpmills analyzed. 

Mississipi, on the other hand, is where the industries have the highest market power. In the North 

of U.S., pulpwood market is very competitive in Wisconsin and New York, and less competitive 

in Pennsylvania and Minnesota (Table 4.4 and Figure 4.4).  

The distribution of the CE among the states reflects only the period analyzed; there are 

not enough data to run any mean or covariance test between these regions. Also, market power 

does not necessarily translate into the higher prices across every region; it indicates that prices 

are not in the perfect competition equilibrium.  

Other factors also can cause imperfect behavior like natural disasters (Prestemon and 

Holmes 2000) and external economic shocks. In a specific temporal and geographical conditions, 

consumers and producers can behave as oligopsonistic buyers and/or oligopolist sellers once 

there is an opportunity for arbitrage.    

There is a significant difference in term of data structure—with individual firm data 

rather than aggregate regional data—and the period modeled in our study compared to previous 

research, which helps explain our somewhat different findings. Our findings are similar to the 
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results in the U.S.: (i) Mei and Sun (2008) and (ii) Murray (1995a). Mei and Sun estimated CE 

for pulpwood market in the United States using a nationally aggregated data between 1955 and 

2003. The average CE found was 0.59 with the highest peak at 0.79 in 1997 and the lowest one 

at 0.52 in the 1950s and 1960s. Murray found, on the other hand, smaller results with the lowest 

at 0.06 between 1973 and 1977 and highest at 0.41 between 1958 and 1962.  

The period and market structure analyzed by other researchers is entirely different from 

our study. Before the 1980s the market structure consisted mostly of vertically integrated 

pulpmills that owned a large part of the timberland. The quantity of pulpwood transaction was 

much smaller, and therefore it is harder to compare. Also, the data for our period is from after the 

great recession in 2008; there was a dramatic drop in the timber prices since then. The biomass 

market also became much stronger, between 2011 and 2016 the quantity of pulpwood consumed 

by pellet mills increased from 877 thousand to 13.16 million green short tons (Forisk Consulting 

in Abt et al. 2014); it is unclear the impact of pellet production on pulpwood market, but the 

projection of timber supply indicates an increase in competition between pellet facilities and 

pulpmills (Abt et al. 2014). 

Our results suggest that the oligopolistic pulpwood market in the South has become more 

competitive than found previously. Our individual firm CEs in the Southeast (from 0.185 to 

0.365) are at the similar level found by Murray’s results in the 1960s (0.26) and, higher than his 

results in the 1970s (0.06) and 1980s (0.13). A large part of the increase in competition might be 

the boost on forest productivity and easier access to market information across the different 

players.    

Comparing our results to other countries might be a stronger assumption. Our results do 

conform with the non-competitive hypothesis found in Sweden (Bergman and Bränlunnd 1995) 
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and Finland (Ronnila and Toppinen 2000). Bergman and Bränlunnd found a CE from 0 to 0.9 in 

the pulpwood market in Sweden between 1960 and 1987, while the Ronnila and Toppinen just 

tested whether pulpmills have market power in Finland (𝜃𝜃�  =  0). None of them, however, 

examined models with data at the firm level. 

Since the beta (β) coefficients on the translog functions are not intuitive to interpret; we 

present next estimated elasticity of substitution and price elasticities of the three datasets. These 

estimates provide insight into the price responsiveness of timber demand, which is linked to 

market structure. 

  

4.4 Partial Elasticities of Substitution  

Table 4.5 and 4.6 present the Allen-Hicks and Morishima Partial Elasticities of 

Substitution (hereafter names AES and MOS for short, respectively). Both measures change in a 

relative factor for a change in price. Positive values indicate the input factors are net substitutes 

and negative indicate they are net complements.  

Every elasticity calculated rejected the null hypothesis at 1% of significance. Interpreting 

AES and MOS is straightforward; for instance, all else constant, a 1% increase in the price of 

wood (labor) would lead to an increase of 0.17% in the quantity of labor (wood) (𝜎𝜎𝐿𝐿𝑖𝑖 in Table 

4). Of six pairwise input analysis, only wood/chemicals (𝜎𝜎𝑖𝑖𝐶𝐶) and, wood/labor (𝜎𝜎𝐿𝐿𝑖𝑖) are 

complements in the Southeast mill data according to the AES. The Southeast stumpage data, on 

the other hand, show complementarity between labor/chemicals (𝜎𝜎𝐿𝐿𝐶𝐶), labor/timber (𝜎𝜎𝐿𝐿𝑖𝑖) and 

timber/chemicals (𝜎𝜎𝑖𝑖𝐶𝐶). In the Northern states, every input pair for pulpwood mill markets are 

net substitutes.  
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MOS had similar findings. In the Southeast, wood/chemicals (𝜂𝜂𝐶𝐶𝑖𝑖) are complements 

only in one direction; chemical prices would increase the cost share of wood, but an increase in 

timber prices will decrease the cost share of chemical products. Asymmetry between inputs is 

also observed in the Southeast stumpage. The impact of timber prices on chemical usage (𝜂𝜂𝑖𝑖𝐶𝐶 =

0.64, ±0.10)  is inverse and more than two times the impact of chemical prices on timber costs 

(𝜂𝜂𝐶𝐶𝑖𝑖 = −0.13, ±0.01). Chemical products and labor, and energy and labor are also 

asymmetric; chemical products have a greater impact over labor (𝜂𝜂𝐶𝐶𝐿𝐿 = 0.58, ±0.01) in 

absolute value and labor on energy (𝜂𝜂𝐿𝐿𝐸𝐸 = 0.48, ±0.004). The inputs in the Northeast are all 

substitutes with no exception; few of them have MOS less than one (𝜂𝜂𝐸𝐸𝐿𝐿, 𝜂𝜂𝐿𝐿𝐸𝐸 and 𝜂𝜂𝑖𝑖𝐸𝐸), 

indicating a strong substitutability relation.  The greater elasticities of substitution in the 

Northern indicates that the regional input prices are less rigid than in the other regions and have 

more possibilities of substitution.  

These results are somewhat similar to the literature. McCarthy and Urmanbetova (2011) 

estimated the MOS for labor, energy, and material using aggregate data of the US Paper and 

Paperboard industry between 1965 and 1996. Their MOS of labor/energy were 0.25 and 0.21 for 

energy/labor; it was smaller than in the Southeast (𝜂𝜂𝐿𝐿𝐸𝐸 = 0.48 𝐷𝐷𝐷𝐷𝐷𝐷 𝜂𝜂𝐸𝐸𝐿𝐿 = 0.19) , the Northern 

States (𝜂𝜂𝐿𝐿𝐸𝐸 = 0.5 𝐷𝐷𝐷𝐷𝐷𝐷 𝜂𝜂𝐸𝐸𝐿𝐿 = 0.85) and, labor/energy in the Southeast stumpage (𝜂𝜂𝐿𝐿𝐸𝐸 = 0.49 ) 

and it had the opposite sign for  energy/labor (𝜂𝜂𝐸𝐸𝐿𝐿 = −0.17). Lundmark and Olsson (2015) 

found wood/energy might be complements if calculated with AES (-0.13) and substitutes if 

estimated with MOS (0.061) in the Swedish Pulp and Paper Industry. This outcome had the 

opposite sign found in the AES and smaller than MOS in every region analyzed here.  The 

authors also found labor and energy are complements (AES = 0.24, MOS = 0.14), as are energy 

and labor (MOS = 0.12).   
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4.5 Own and cross-price elasticities 

Own-price elasticities are rather small (less than one) in the Southeast at the mill and 

Southeast stumpage, indicating an inelastic demand curve for all inputs analyzed (Table 4.7). In 

the Northern regions, though, the conditional demand curve of the chemical products and wood 

are rather elastic. It indicates pulpmills in this region are more sensitive to changes in price, 

which might prompt pressure on reducing the use of input factors.    

Previous research in the region found a similar own-price elasticity of wood, -0.43 in 

Newman (1987) and less elastic than in Polyakov, Teeter, and Jackson (2005) (-1.72). Hussain 

and Bernard (2017), in an analysis of productivity convergence,  showed less elastic values for 

labor and energy in Georgia (labor =  −0.25 𝐷𝐷𝐷𝐷𝐷𝐷 energy =  −0.25), Illinois (𝐶𝐶𝐷𝐷𝑙𝑙𝐹𝐹𝐶𝐶 =

 −0.25 and energy  − 0.22), Maine (𝐶𝐶𝐷𝐷𝑙𝑙𝐹𝐹𝐶𝐶 =  −0.11 𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶𝐿𝐿𝑦𝑦 = −0.25) and Washington 

(𝐶𝐶𝐷𝐷𝑙𝑙𝐹𝐹𝐶𝐶 =  −0.12 𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶𝐿𝐿𝑦𝑦 =  −0.31). Our values are more elastic than other studies using 

national aggregate levels like McCarthy and Urmanbetova (2011) whose findings indicate labor 

and energy elasticities are -0.23 and -0.27, respectively.  

The labor own-price elasticity in the Southeast stumpage has a counter-intuitive sign. 

This result is most likely related to the issue of the data aggregation. However, it would not be a 

surprise to have the positive effect of wages on the quantity of labor during the period of this 

study. Between Q1/2016 and Q4/2017, the U.S. achieved the lowest level of unemployment, 

approximately 5% according to the Bureau of Labor Statistic Data, practically full employment. 

The counter-intuitive results in the in the labor variable might indicate a shortage of employees 

during the period analyzed.  
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Following the same trend as AES and MO, of the 12 cross-price elasticities estimated in 

the Southeast, only wood and chemical were substitutes, a 1% increase in prices of wood 

(chemicals) would decrease chemical prices in 0.06% (0.32%).  In the Northern states, cross-

price elasticities are all complimentary as well. In the Southeast stumpage labor and wood, labor 

and chemical, chemical and wood are substitutes while the other estimates are complements.  

 

4.6 Welfare Effects  

Results from the economic welfare analyzed are in Table 4.8; the columns represent the 

average change in the quantity of quantity and consumers (pulpmills) (∆𝑥𝑥𝑤𝑤) and prices (∆𝑤𝑤𝑤𝑤), 

the total change in Producer Surplus (∆𝑃𝑃𝑆𝑆), Consumer Surplus (∆𝐶𝐶𝑆𝑆) and welfare losses 

(∆𝐷𝐷𝑀𝑀𝐿𝐿).  

There was no significant difference between the quantity and prices over the period 

analyzed. Timber prices decreased 23% (Southeast delivered to the Mill), 36% (Northern 

delivered to the Mill) and 2% (Southeast Stumpage) compared to the perfect competition market 

equilibrium levels. Moreover, the quantity of wood produced and consumed at equilibrium prices 

is 7% (Southeast at Mill), 11% (Northern at Mill) and 0.6% (Southeast Stumpage) lower than the 

perfect competitive quantities. This basically means that while mills do exercise some market 

power, and thus prices are lower than in the case of perfect competition there also is less output 

than in the perfect competition case.   

Based on the results, imperfect competition in pulpwood markets is expected to reduce 

the Producer Surplus (PS) on average $700 million per year in the Southeast at Mill; it is almost 

double the value of the surplus lost in the Northern at Mill ($380 million per year) and much 

higher than the Southeast Stumpage ($13 million per year). The impact of the market distortion 
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on PS decreased over time, in all regions analyzed. In the Southeast (at Mill and Stumpage), PS 

increased between Q3/2017 and Q4/2017, but it did not reach similar values found in Q4/2016. 

The same behavior can be observed in the change in Consumer Surplus (CS). In the Northern at 

Mill, the largest impact on CS was in Q4/2016 with $299 million per year; it reduced to $271per 

year in Q4/2017.   

Although Southeast and Northern at Mill have a different timber market, they 

experienced similar welfare losses. Overall the periods analyzed, the welfare losses were on 

average $140 million per year in the Southeast and $100 million per year in the Northern States. 

Southeast Stumpage had a relatively insignificant loss with $1.35 million on average.  

Overall, these net imperfect market distortions were moderately substantial for delivered 

to mill pulpwood prices in the Southeast and the North at about 23% and 36% lower than perfect 

competitive prices respectively. However, for Southeast softwood stumpage of about $1.4 

million were not significant, and likely less than 2% of the estimated pulpwood prices. So the 

most significant effects of market power affected intermediaries in the pulpwood value chain, 

dealers, loggers, or truckers, not landowners. Also, because the demand function is more 

inelastic, the consumer surplus is higher than the supplier surplus — pulpwood mills received 

more benefit than pulpwod suppliers based on the reduced market equilibirum prices and 

quantities.  

Our results are not much higher than previous studies; Murray (1995b) found that 

oligopsony structure in the Southern U.S. decreased prices in 12%; its final welfare loss was 
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minus $7.8 million (1982 dollars, $17.7 million in 2017).  In Sweden, the effect on welfare was 

minus $484 million 10(1.9 billion Swedish Krona) (Brannlund 1989). 

These market losses have been found to varying degree by almost all studies. However, 

Pulpmills employed on average 500 employees in the Southeast and 470 employees in the 

Northern States, spending $50 and $45 million on salaries. In comparison, the average Dead 

Weight Lost per mill in Q4/2017 was $2.4 million ($137million / 55 pulpmills) and $5.3 million 

($102.61/19 pulpmills) in the Southeast and Northeast respectively. Thus, the potential costs of 

the oligopsony of mills is somewhat offset by potential benefits.  We also performed preliminary 

sensitivity analyses of large procurement zones of up to 100 miles, which reduced the conjectural 

elasticity as the procurement radius increased.  We lacked time to set up and report all these runs 

thus far but will complete that work before finishing this line of research.  

In addition, there is no realistic solution to redress a natural oligopsony of large efficient 

mills, such as breaking them up into smaller inefficient mills, which is unrealistic.  One 

reasonable solution is to incentivize competition by attracting more small timber firms and 

reduce transportation costs by improving infrastructure. It seems that the competition for 

pulpwood is already increasing with the demand for pellets and composite panels. The federal 

government should therefore guarantee fair competition, e.g., enforce antitrust laws, by reducing 

any market distortion that could distort local market such as setting prices or explicitly dividing 

markets. Investments in infrastructure could not only bring benefits to the pulpwood market but 

for many other sectors. The decrease in transportation costs would increase the number of buyers 

                                                 

10 The original value is 1,937 SEK millions, converting to 2017 dollars (divided by 8 and correcting for inflation) 

results in  $484 million.   
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which would minimize spatial market power. Ensuring open competition would help minimize 

any actions that exacerbate the natural oligopsony tendency of large mills, significant weight, 

and low-cost timber inputs.  

 

5. Conclusion 

This paper investigated the oligopsony power in the pulpwood market of two regions in 

the US between Q4/2016 and Q4/2017. In the Southeast, we studied the softwood market while 

in the Northern States, the hardwood market. The analysis also included an aggregate data of the 

stumpage prices in the Southeast. We estimated a translog cost function and three cost share 

equations (Energy, Labor, and Pulpwood) in which the Conjectural Elasticities (CE), static and 

parameter varying, of the pulpwood prices and the input demand variables were derived. We also 

estimated input demand price elasticities and elasticities of substitution (Allen – Hickens and 

Morishima elasticities). We used exceptionally detailed and robust data assembled at the firm 

level, at the mill, extending the aggregate approach used by almost all forestry researchers. 

However, we had only regional micromarket data for stumpage prices, which was less powerful 

and discerning than the mill data. Quantifying market power using aggregate as in the Southeast 

stumpage data might mask local particularities.  

Our findings indicate a statistically significant market power in every model analyzed 

excepted the static model in the Southeast Stumpage. The influence of the oligopsony power at 

the firm’s level is therefore confirmed as seen in previous research. However, this paper shows 

that there is a significant difference between regions; Northern pulpmills presented higher market 

power in comparison to the ones located in the Southeast. This difference is probably a 
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consequence of the industry concentration in the Northern states, whereas the Southern industry 

is spread over the U.S. South, clusters of pulpmills compose the market in the North.  

Our results of some oligopsony primarily aligned with previous research findings. 

However, there are little opportunities for government action that will improve social welfare 

given the high transaction costs of intervention. While perfect competition is always theoretically 

superior for maximizing social welfare, it is challenging for such markets to exist with lumpy 

billion-dollar pulpmills and heavy, low-value pulpwood. The spatial characteristics of the timber 

market create natural oligopsony, timber producers located near pulpmills might have advantages 

in transportation costs, but they cannot negotiate prices well because of the lack of other options. 

Also, timber transactions are often negotiated by a third party, a wood procurement company. 

The sources of market power become then an intricate web with different players and goals in 

the timber supply chain.  

This paper covers only the oligopsony side of the story; unfortunately, we could not 

estimate the oligopoly of pulpmill suppliers because the output data had all type of products 

aggregated. Estimating oligopoly and oligopsony would give a greater insight into market 

behavior and dynamics. Nevertheless, our input data allowed a broader and more detailed 

understanding about pulpwood competitiveness and finance decisions than previous studies. 

Future research could investigate the role of international trade to capture the integration 

between regional and global forest markets.  
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6. Figures and Tables 

 

 

 

Figure 4-1 Representation of the Welfare Losses in a monopsony market. MEW = Marginal 

Expenditure of Pulpwood, VMP = Value Marginal Revenue of Pulpwood, S = Pulpwood Supply, 

D = Pulpwood Demand, 𝑤𝑤𝑤𝑤𝑖𝑖 =  pulpwood price at MRC equals MRP, 𝑤𝑤𝑝𝑝𝑤𝑤 =  pulpwood price at 

competitive market, 𝑤𝑤𝑚𝑚𝑤𝑤 =  pulpwood price at monopsony market, , 𝑋𝑋𝑚𝑚𝑤𝑤 =  quantity of pulpwood 

at monopsony market, 𝑋𝑋𝑝𝑝𝑤𝑤 =  quantity of pulpwood at competitive market.   
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Figure 4-2 (A) Pulp and Paper Industries (PPI) – Wood fiber Consumers – location in the US. 

(B) Micromarkets of timber defined by Forest2Market for the US South. 
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Figure 4-3 (A) Consumption share of hardwood and softwood in the pulpwood market. (B) Average share costs of pulpmills in 

different regions in the US South between 2016 and 2017.
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Figure 4-4 Southern Stumpage (Softwood) – Average Conjectural Elasticities between 2016 and 

2017. 

  



Table 4.1 Non-Linear Iterated Three Steps Least Square (IT3SLS) - Instrumental Variables.

Model Instrumental Variables

Static
ln(wL

it), ln(wE
it ), ln(wW

it ), ln(Kit),
ln(Qit), ln(xLit), ln(xEit), ln(xWit )

Parameter-Varying
ln(wL

ij), ln(wE
ij), ln(wW

ij ), ln(Kij),
ln(Qit), ln(xLit), ln(xEit), ln(xWit ), ln(xCit)

Note: i = pulpmill or micromarket, t = tempo, L = Labor, E
= Energy, W = Pulpwood, K = Capital, w = input prices, x =
input quantities, Q = output quantities.
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Table 4.2 Estimates of the Parameters and Conjectural Elasticity at the Pulp and Paper Industry for different regions in the U.S.:
Static Model.

Southeast at the Mill (Softwood) Northern at the Mill (Hardwood) Southeast Stumpage (Softwood)
θ̂ = θ θ̂ = 0 θ̂ = θ θ̂ = 0 θ̂ = θ θ̂ = 0

Coef. SE Coef. SE Coef. SE Coef. SE Coef. SE Coef. SE

β0 -44.348 (34.802) -68.347∗∗ (30.573) 144.085∗∗∗ (48.697) 2.407 (29.761) 290.897 (179.2) 262.12 (161.8)
βQ 19.374∗∗∗ (5.065) 21.446∗∗∗ (4.387) -28.905∗∗∗ (4.833) -1.618 (2.857) -39.626 (37.423) -35.062 (33.816)
βQQ -2.385∗∗∗ (0.383) -2.317∗∗∗ (0.332) 2.07∗∗∗ (0.394) -0.089 (0.227) 1.980 (3.929) 1.616 (3.551)
βL 0.020 (0.362) -0.163 (0.464) 1.376∗∗∗ (0.439) 2.172∗∗ (0.882) -0.52 (0.435) -0.419 (0.425)
βLL 0.157∗∗∗ (0.049) 0.178∗∗∗ (0.063) 0.084 (0.051) -0.033 (0.105) 0.315∗∗∗ (0.036) 0.304∗∗∗ (0.035)
βLE -0.067∗∗∗ (0.013) -0.08∗∗∗ (0.013) -0.049∗∗∗ (0.015) -0.075∗∗∗ (0.017) -0.14∗∗∗ (0.028) -0.14∗∗∗ (0.028)
βLQ -0.078∗∗∗ (0.016) -0.083∗∗∗ (0.016) -0.170∗∗∗ (0.019) -0.184∗∗∗ (0.02) -0.128∗∗∗ (0.029) -0.130∗∗∗ (0.029)
βE -0.518∗∗ (0.219) -0.46∗∗ (0.218) 0.217 (0.285) 0.590∗∗ (0.276) 0.074 (0.398) 0.070 (0.398)
βEE 0.098∗∗∗ (0.012) 0.09∗∗∗ (0.014) 0.064∗∗∗ (0.014) 0.101∗∗∗ (0.017) 0.052∗ (0.031) 0.051∗ (0.030)
βEQ 0.073∗∗∗ (0.016) 0.073∗∗∗ (0.017) 0.044∗∗ (0.019) 0.018 (0.017) 0.130∗∗∗ (0.029) 0.131∗∗∗ (0.029)
βW 2.861∗∗∗ (0.637) 1.707∗∗∗ (0.475) -2.015∗ (1.17) -1.68∗ (0.976) 1.486∗∗∗ (0.391) 1.163∗∗∗ (0.189)
βWL -0.128∗∗∗ (0.048) -0.107∗ (0.06) -0.104∗ (0.057) 0.092 (0.111) -0.062∗∗∗ (0.015) -0.053∗∗∗ (0.012)
βWE -0.057∗∗∗ (0.019) -0.010 (0.018) -0.086∗∗ (0.034) -0.041∗ (0.024) 0.024∗ (0.013) 0.024∗∗ (0.012)
βWW 0.382∗∗∗ (0.075) 0.151∗∗ (0.063) 0.672∗∗∗ (0.209) -0.05 (0.122) 0.084∗∗∗ (0.024) 0.06∗∗∗ (0.008)
βWQ -0.004 (0.043) 0.005 (0.021) 0.359∗∗∗ (0.092) 0.15∗∗∗ (0.027) -0.056∗∗ (0.027) -0.042∗∗∗ (0.015)
βK -31.121∗∗∗ (4.094) -26.966∗∗∗ (3.628) 17.466 (11.115) 3.932 (5.879) 2.759 (30.888) 1.221 (27.907)
βKL 0.047∗∗∗ (0.016) 0.06∗∗∗ (0.016) 0.112∗∗∗ (0.028) 0.149∗∗∗ (0.027) 0.105∗∗∗ (0.027) 0.104∗∗∗ (0.027)
βKE 0.067∗∗∗ (0.017) 0.077∗∗∗ (0.017) -0.037 (0.031) -0.003 (0.027) -0.101∗∗∗ (0.026) -0.101∗∗∗ (0.026)
βKW -0.229∗∗∗ (0.049) -0.130∗∗∗ (0.022) -0.142 (0.142) -0.128∗∗∗ (0.039) 0.021 (0.022) 0.015 (0.015)
βKK -0.952∗ (0.514) -0.336 (0.419) -6.109∗∗∗ (1.687) -3.491∗∗∗ (0.855) -4.934∗ (2.845) -4.985∗ (2.57)
βKQ 2.728∗∗∗ (0.284) 2.164∗∗∗ (0.238) 0.928∗∗ (0.458) 0.944∗∗∗ (0.254) 1.932 (3.288) 2.054 (2.97)
θ 0.347∗∗∗ (0.071) - - 0.763∗∗∗ (0.216) - - 0.131 (0.145) - -

Southeast Northern Southeast Aggregate
Equation R-Square SW-Test DF R-Square SW-Test DF R-Square SW-Test DF

lnTCjt 0.42 ∗∗∗ 261 0.49 ∗∗∗ 82 0.78 ∗∗∗ 93
SL
jt 0.40 ∗∗∗ 271 0.76 ∗∗ 92 0.53 ∗∗ 104
SE
jt 0.45 ∗∗∗ 271 0.30 ∗ 92 0.29 ∗∗∗ 104

SW
jt 0.42 ∗∗∗ 271 0.42 ∗∗∗ 92 0.40 ∗∗ 104

Note: θ̂ = θ (Oligopsony model), θ̂ = 0 (perfect competition), Q = Output quantity, L = Labor, E = Energy, W = Pulpwood, K = Capital, θ = Conjectural Elasticity, lnTCjt

= Total Cost Equation, SL
jt = Labor Share Costs, SE

jt = Energy Share Costs, SW
jt = Pulpwood Share Costs.

∗p<0.1, ∗∗p<0.05, ∗∗∗p<0.01



Table 4.3 Estimates of the Parameters and Conjectural Elasticity at the Pulp and Paper Industry
for different regions in the U.S.: Parameter-Varying Model.

Southeast at the Mill (Softwood) Northern at the Mill (Hardwood) Southeast Stumpage (Softwood)
Coef. SE Coef. SE Coef. SE

β0 6.500 (26.448) 156.413∗∗∗ (33.31) -249.652∗∗ (111.2)
βQ 10.88∗∗∗ (3.857) -28.783∗∗∗ (3.619) 70.127∗∗∗ (23.281)
βQQ -1.644∗∗∗ (0.305) 2.115∗∗∗ (0.314) -9.096∗∗∗ (2.461)
βL -1.582∗∗∗ (0.394) 0.770∗∗ (0.293) -0.422 (0.419)
βLL 0.332∗∗∗ (0.045) 0.205∗∗∗ (0.037) 0.323∗∗∗ (0.036)
βLE -0.085∗∗∗ (0.013) -0.012 (0.013) -0.152∗∗∗ (0.028)
βLQ -0.038∗∗ (0.017) -0.183∗∗∗ (0.016) -0.139∗∗∗ (0.029)
βE -0.559∗∗ (0.218) 0.175 (0.291) 0.070 (0.396)
βEE 0.109∗∗∗ (0.012) 0.115∗∗∗ (0.019) 0.043 (0.03)
βEQ 0.092∗∗∗ (0.016) 0.030 (0.02) 0.142∗∗∗ (0.029)
βW 3.887∗∗∗ (0.546) 1.051∗∗ (0.408) 1.723∗∗∗ (0.381)
βWL -0.298∗∗∗ (0.042) -0.159∗∗∗ (0.028) -0.062∗∗∗ (0.015)
βWE -0.080∗∗∗ (0.018) -0.104∗∗∗ (0.022) 0.046∗∗∗ (0.014)
βWW 0.622∗∗∗ (0.053) 0.560∗∗∗ (0.063) 0.088∗∗∗ (0.026)
βWQ -0.028 (0.037) 0.068∗∗ (0.033) -0.071∗∗∗ (0.026)
βK -26.768∗∗∗ (3.524) 13.519∗ (7.248) -80.009∗∗∗ (20.023)
βKL 0.024 (0.017) 0.138∗∗∗ (0.024) 0.107∗∗∗ (0.027)
βKE 0.039∗∗ (0.017) -0.021 (0.028) -0.108∗∗∗ (0.026)
βKW -0.141∗∗∗ (0.039) 0.018 (0.051) 0.031 (0.022)
βKK -0.946∗∗ (0.402) -4.814∗∗∗ (1.154) -10.919∗∗∗ (2.029)
βKQ 2.408∗∗∗ (0.23) 0.740∗∗ (0.359) 10.189∗∗∗ (2.174)
δ0 1.184∗∗∗ (0.226) -0.166 (0.343) 0.348∗ (0.194)
δ1 -0.898∗∗∗ (0.202) 0.692∗ (0.369) - -
¯̂
θ 0.290 (0.090) 0.180 (0.200) 0.230 (0.090)

Equation (1) R-Square SW-Test R-Square SW-Test R-Square SW-Test

lnTCjt 0.63 ∗∗∗ 0.46 ∗∗∗ 0.89 ∗

SL
jt 0.24 ∗∗∗ 0.78 ∗∗∗ 0.61 ∗∗∗

SE
jt 0.24 ∗∗∗ 0.34 ∗∗ 0.29 ∗∗

SW
jt 0.24 ∗∗∗ 0.43 ∗∗∗ 0.25 ∗∗∗

Note: (1)Estimation IT3SLS, Q = Output quantity, L = Labor, E = Energy, W = Pulpwood, K = Capital, ¯̂
θ = Average

Conjectural Elasticity, lnTCjt = Total Cost Equation, SL
jt = Labor Share Costs, SE

jt = Energy Share Costs, SW
jt = Pulpwood

Share Costs.
∗p<0.1, ∗∗p<0.05, ∗∗∗p<0.01.
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Table 4.4 Southeast Aggregated Conjectural Elasticities: State Average - Q1/2016 to Q4/2017.

Southeast at the Mill (Softwood) Northern at the Mill (Hardwood)
State 50 SD State CE SD

Alabama 0.185 (0.111) Wisconsin 0.000 (0.023)
Virginia 0.247 (0.071) New York 0.126 (0.019)
South Carolina 0.285 (0.100) Maine 0.262 (0.194)
Florida 0.308 (0.089) Michigan 0.274 (0.190)
Georgia 0.309 (0.084) Minnesota 0.357 (0.186)
North Carolina 0.330 (0.055) Pennsylvania 0.526 (0.000)
Louisiana 0.331 (0.044)
Texas 0.334 (0.047)
Tennessee 0.339 (0.052)
Arkansas 0.340 (0.053)
Mississippi 0.365 (0.046)

Note: CE = Conjectural Elasticity and SD = Standard Deviation.

Table 4.5 Allen - Hicks Partial Elasticities of Substitution (AES).

Southeast at the Mill (Softwood) Northern at the Mill (Hardwood) Southeast Stumpage (Softwood)
Mean SE Mean SE Mean SE

σEE -1.15 (0.007) -1.143 (0.016) -1.005 (0.013)
σEL 1.009 (0.016) 1.736 (0.037) 2.07 (0.018)
σEC 0.897 (0.011) 0.493 (0.035) 1.859 (0.036)
σEW 0.251 (0.008) 0.39 (0.015) 0.114 (0.015)
σLL -0.388 (0.039) -1.894 (0.082) 0.605 (0.024)
σLC 1.499 (0.033) 1.809 (0.103) -1.286 (0.029)
σLW -0.176 (0.04) 2.001 (0.134) -1.359 (0.056)
σCC -12.118 (1.828) -19.007 (3.241) -4.227 (0.372)
σWC -1.119 (0.04) 0.669 (0.207) -2.47 (0.071)
σWW -0.65 (0.045) -4.098 (0.228) -0.166 (0.186)

Note: SE = Standard Error, L = Labor, E = Energy, W = Pulpwood, K = Capital.
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Table 4.6 Morishima Partial Elasticities of Substitution (MOS).

Southeast at the Mill (Softwood) Northern at the Mill (Hardwood) Southeast Stumpage (Softwood)
Mean SE Mean SE Mean SE

ηEL 0.199 (0.013) 0.859 (0.034) -0.172 (0.013)
ηEC 0.763 (0.105) 1.306 (0.204) 0.865 (0.051)
ηEW 0.447 (0.014) 1.072 (0.051) 0.138 (0.013)
ηLE 0.481 (0.004) 0.5 (0.008) 0.497 (0.012)
ηLC 0.791 (0.105) 1.309 (0.203) 0.407 (0.052)
ηLW 0.137 (0.024) 1.426 (0.084) -0.073 (0.014)
ηCE 0.741 (0.005) 0.939 (0.011) 1.367 (0.01)
ηCL 0.587 (0.019) 1.395 (0.031) -0.663 (0.016)
ηCW -0.135 (0.017) 1.121 (0.094) -0.148 (0.013)
ηWE 0.702 (0.006) 0.534 (0.015) 1.273 (0.019)
ηWL 0.067 (0.025) 1.463 (0.08) -0.688 (0.023)
ηWC 0.64 (0.105) 1.239 (0.205) 0.246 (0.052)

Note: SE = Standard Error, L = Labor, E = Energy, W = Pulpwood, K = Capital.

Table 4.7 Price Elasticities of Conditional Input Demand.

Southeast at the Mill (Softwood) Northern at the Mill (Hardwood) Southeast Stumpage (Softwood)
Mean SE Mean SE Mean SE

εEE -0.395 (0.002) -0.373 (0.005) -0.447 (0.006)
εEL 0.078 (0.002) 0.147 (0.006) 0.04 (0.005)
εEC 0.058 (0.001) 0.11 (0.002) 0.283 (0.002)
εEW 0.259 (0.003) 0.115 (0.008) 0.123 (0.002)
εLE 0.086 (0.003) 0.128 (0.005) 0.051 (0.007)
εLL -0.121 (0.012) -0.711 (0.03) 0.212 (0.008)
εLC 0.086 (0.002) 0.114 (0.006) -0.175 (0.004)
εLW -0.051 (0.012) 0.469 (0.032) -0.089 (0.003)
εCE 0.346 (0.005) 0.567 (0.012) 0.92 (0.008)
εCL 0.466 (0.01) 0.684 (0.04) -0.451 (0.01)
εCC -0.705 (0.105) -1.196 (0.203) -0.582 (0.051)
εCW -0.323 (0.011) 0.164 (0.048) -0.163 (0.005)
εWE 0.308 (0.004) 0.161 (0.012) 0.826 (0.016)
εWL -0.054 (0.013) 0.752 (0.051) -0.476 (0.019)
εWC -0.064 (0.002) 0.043 (0.013) -0.336 (0.009)
εWW -0.188 (0.013) -0.957 (0.053) -0.015 (0.012)

Note: L = Labor, E = Energy, W = Pulpwood, K = Capital, SE = Standard Error.
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Table 4.8 Estimated Market Distortions and Welfare Effects.

Southeast at the Mill (Softwood)

∆xw ∆ww ∆PS ∆CS DWL
Thousand Tons $/ton Million $ Million $ Million $

Q4/2016 -48.47 (-7%) -18.20 (-23%) -726.80 583.02 - 143.77
Q1/2017 -48.57 (-7%) -17.57 (-23%) -701.45 562.43 - 139.01
Q2/2017 -48.07 (-7%) -17.13 (-23%) -678.45 544.08 - 134.42
Q3/2017 -47.77 (-7%) -17.25 (-23%) -680.45 545.38 - 134.70
Q4/2017 -48.35 (-7%) -17.32 (-23%) -691.45 554.17 - 137.05

Northern at the Mill (Hardwood)

∆xw ∆ww ∆PS ∆CS DWL
Thousand Tons $/ton Million $ Million $ Million $

Q4/2016 -58.34 (-11%) -35.27 (-36%) -408.85 299.79 - 109.05
Q1/2017 -56.63 (-11%) -35.03 (-36%) -392.77 287.53 - 105.24
Q2/2017 -56.40 (-11%) -34.50 (-36%) -384.68 281.42 - 103.26
Q3/2017 -55.13 (-11%) -33.65 (-36%) -374.05 272.97 - 101.08
Q4/2017 -55.05 (-11%) -34.82 (-36%) -373.76 271.14 - 102.61

Southeast Stumpage (Softwood)

∆xw ∆ww ∆PS ∆CS DWL
Thousand Tons $/ton Million $ Million $ Million $

Q4/2016 -16.29 (-0.6%) -0.18 (-2%) -13.46 12.05 - 1.41
Q1/2017 -16.54 (-0.6%) -0.17 (-2%) -13.25 11.87 - 1.38
Q2/2017 -16.75 (-0.6%) -0.17 (-2%) -13.06 11.66 - 1.34
Q3/2017 -16.66 (-0.6%) -0.17 (-2%) -13.15 11.78 - 1.36
Q4/2017 -16.83 (-0.6%) -0.16 (-2%) -13.39 12.02 - 1.36

Proportional change are in parenthesis. ∆xw = change in quantity of pulpwood
demanded and supplied, ∆ww = change in pulpwood prices, ∆PS = change in pro-
ducer surplus, ∆CS = change in consumer surplus, DWL = Dead Weight Losses.
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