
ABSTRACT 

JAMES, NATASHA AMANDA. Forecasting Sustainability: Growth to Removals Ratio 
Dynamics. (Under the direction of Robert C. Abt). 
 

Defining and measuring sustainability has been a struggle for academics and 

scientists across various fields for decades. Each discipline has developed its own definition 

and means of measurement. Even within the field of forest resource management, there is no 

one succinct definition; although there is one measurement that is often used: the (G/R) ratio. 

The (G/R) ratio is often used as a measure of forest resource sustainability and as a 

reference point to forecast future resource sustainability. However, little work has 

been done to study of the dynamics of this ratio. Forest Inventory and Analysis data 

for 12 Southern states were used to analyze the (G/R) ratio dynamics. The first 

objective of this study is to determine if any relationship exists between trends in the 

(G/R) ratio in the past and the (G/R) ratio today accounting for variations in time and 

space. The second objective of this study is to investigate the relationship between the 

(G/R) ratio and its individual components over time to determine if one component 

has more of an impact on the (G/R) ratio than the other. Results from correlation and 

OLS analysis suggest the (G/R) ratio has a positive relationship with itself over time. 

Fixed effects analysis and Generalized Methods of Moments, used to control for 

variations in time and space led to three major conclusions: (1) when examining the 

relationship between the (G/R) ratio and itself over time in the short run, there is 

positive relationship that exists. There is evidence that a negative relationship exists 

in the long run, however due to a limited data set this relationship could not be 

verified using the necessary statistical tests; (2) when examining the relationship 

between the (G/R) ratio and itself over space, there is positive relationship; (3) 



variations in space (state or physiographic region) explain more of the overall (G/R) 

ratio than variations in time. Also when examining the relationship between the (G/R) 

ratio and its individual components over time, neither growth nor drain was found to 

dominate the dynamics of the (G/R) ratio using OLS or fixed effects. The results from 

this analysis provide some evidence for the use of the (G/R) ratio as a tool for 

forecasting sustainability; however, the way in which sustainability is defined (short 

run, long run, or over space) can lead to different conclusions.  
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CHAPTER 1: INTRODUCTION 
 

The concerns of negative anthropogenic impacts on the natural environment and the 

fear of insufficient natural resource availability in the future were introduced to the world’s 

stage during the 1972 United Nations Conference on the Human Environment (UNCHE). 

Being the first major conference to discuss environmental issues such as acid rain, air 

pollution, and deforestation on an international level, the UNCHE led to an agenda 

encouraging countries to adopt policies and other measures to combat and reduce 

environmental damage and natural resource depletion.  

One major environmental concern was the degradation of the world’s forests. Around 

the world, deforestation was taking place at high rates. In the Amazon alone, between 7.6 and 

10 million acres were being eliminated each year. If such destruction was allowed to 

continue in the world’s forests, scientists predicted the stress of deforestation could cause 

increasing amounts of species extinctions, increasing runoff and thus siltation of rivers and 

lakes, and limited timber availability for future generations (WCED 1987). The UNCHE 

recognized forests as not only important in terms of the economic value recovered from 

timber, but also as a complex ecosystem that is host to a variety of plant and animal species. 

In an effort to prevent the trends of deforestation from continuing, the UNCHE called for 

forest management improvements which included and acknowledged the environmental 

benefits forests provide.  

A little more than twenty years after UNCHE, in an effort to not only address the 

concern of forest resource depletion, but also as means of measuring progress towards 

sustainable use, the Montreal Process Criteria and Indicators (C&I) were developed. Adopted 
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by 12 countries, these C&I define seven broad value criteria which are measured by various 

indicators. 

 Using the C&I as a guide, a considerable amount of effort has been placed on 

collecting data to track the United States’ progress towards forest sustainability. The Forest 

Inventory and Analysis (FIA) program of the USDA Forest Service has been charged with 

collaborating with state agencies to conduct the census of forest conditions, including annual 

inventories of tree species distribution, growth, regeneration, and mortality. Although these 

Indicators provide information on the status and change in forests, little has been done to 

ascertain if they are useful in forecasting forest conditions.  

1.1 Growth to Removals Ratio 
 Criterion 2 focuses on maintaining the productive capacity of forest ecosystems. The 

five indicators used to evaluate this criterion are: 

10. Area and  percent of forest land and net area of forest land available for wood 
production 

11. Total growing stock and annual increment of both merchantable and 
nonmerchantable tree species in forests available for wood production. 

12. Area, percent, and growing stock of plantations of native and exotic species 
13. Annual harvest of wood products by volume and as a percentage of net growth or 

sustained yield 
14. Annual harvest of nonwood forest products 

 
 C&I 2.13 is a widely used measure within the field of forest management. Often referred to 

as the growth to removals (G/R) ratio, it is calculated by dividing the growth in inventory 

volume during a certain time period by the removals within the same time period. This ratio 

is used as a means of determining resource sustainability. A (G/R) ratio of greater than one 

indicates growth in inventory outpaces removals and removals within that period could be 
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continued in future periods without depleting inventory (should growth rates remain the 

same), and thus considered sustainable.  

1.2 Growth and Removals 
The (G/R) ratio is often seen as simply a ratio of two numbers. However, growth and 

removals are both functions of other factors occurring within the forest and the market. 

Growth and yield models for a single plot, producing a single product (e.g. 

pulpwood), is defined as an input-output relationship or a production function. The output of 

the production function, volume yielded, is dependent upon the biologic conditions of the 

forest: age of the forest (a) and the quality of the land (q); as well as the level of forest 

management effort (e). 

V=v(a, q, e)                                 (1) 

In cases where volume yielded has to be determined for aggregate plots containing 

multiple age groups, land quality, and level of management, equation (1) changes only 

slightly to evaluate the volume yielded for each product (i): 

Vi=vi(a, q, e)                              (2)          

         In both equations 1 and 2, the age of the forest and the level of management effort have 

positive impacts on the volume yielded, or the growth, at a diminishing rate (Wear and Parks 

1994).  

Removals, however, are often linked to economic factors. The choice to harvest is 

determined by the objective of the landowner. In the case where a landowner’s objective is to 

maximize profits, the landowner’s choice to harvest depends on current market signals and 

market expectations for future prices (Wear and Parks 1994). In the case where a landowner 
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seeks to maximize utility (e.g. non-industrial private forest), the choice to harvest is 

dependent upon the economic factors described above, but may also include the nontimber 

outputs (e.g. value obtained from aesthetics) that benefit the landowner. Even when 

maximizing utility, a landowner’s choice to harvest is strongly affected by the stumpage 

price (Binkley 1981). As the choice to harvest is related to stumpage prices, harvest rates 

tend to ebb and flow with the economy and specifically the housing market. When housing 

starts are depressed and prices are low, harvest rates tend to decrease. Many owners would 

prefer to delay harvest until stumpage prices increase. 

However when aggregating growth and removals over time and space, the dynamics 

of each becomes multifaceted. As discussed above, when analyzing a single plot, growth is a 

single function based on the age of the forest, the quality of the land, and the level of forest 

management effort. When aggregating across a state or a region, this single function not only 

becomes complicated as each of the aforementioned factors varies from plot to plot, but also 

with changes in land use over time (e.g. forestland to agricultural land or commercial 

centers). In addition, as removals ebb and flow with the economy, removal rates affect age 

class distribution, which is a key determinant of future growth cycles. Therefore growth at an 

aggregate level and over time can change more quickly than growth at the level of a single 

plot. 

This is also true for removals. The decision to harvest is dependent upon current and 

expected market prices. If prices are low, for example, and an owner expects prices to 

increase (thus increasing their profits), they may delay harvest. However, at an aggregate 

level, there are various owners, who have different management costs, objectives, and price 
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information, and they all may interpret current and expected market prices differently during 

different times. Thus the dynamics of removals is also more complicated over time and space 

compared to that of the harvest choice made by a single landowner.  

 
Growth to Removals Ratio Dynamics 

Figure 1 shows the (G/R) ratio of all species for a few states in the South. Although it 

is common practice to use a (G/R) ratio above 1 as an indicator of continued sustainability in 

the future, this graph shows a relationship over time where low periods of (G/R) are followed 

by periods of high (G/R). This relationship is not only seen in these few states, but also 

within the remaining eight states in the South (Appendix A-1), as well as the physiographic 

regions of the South (Figure 2). This suggests that over time the (G/R) ratio may have a 

negative, cyclical relationship, which is consistent with previous preliminary analysis by 

Sheffield (2012). This work showed the span between low periods of (G/R) and periods of 

high (G/R) is 20 years. Therefore, it is expect that it would take close to 20 years for the full 

cycle to be complete. 
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Figure 1. (G/R) ratio for selected states 
 
 
 

Figure 2. (G/R) ratio for physiographic regions  
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Growth to Removals Ratio Decomposition  
Investigating the sustainability of forest resources over time requires an 

understanding of the relationship between the (G/R) ratio and its components over time and 

space. Figure 3 shows the growth and removals of all species for a few states within the 

South. Growth appears to have an upward trend over time, while removals tend to oscillate. 

This relationship is not only seen in these few states, but also within the remaining eight 

states in the South (Appendix A-2), as well as the physiographic regions of the South (Figure 

4). 

1.3 Objectives and Hypotheses  
This study analyzes the dynamics of one of the current measures of forest resource 

sustainability: the (G/R) ratio. Although this ratio is often used as a reference point to 

forecast future resource sustainability, what is often overlooked are the two ways the (G/R) 

ratio can be examined: spatially and temporally. A spatial examination, which would control 

the effects over time, would reveal the tendency of a region with a high (G/R) ratio to 

maintain a high (G/R) ratio. Examining a temporal relationship by controlling the effects 

across space would reveal the relationship over time in a given region. In order to determine 

if the (G/R) ratio can be used as a reference point to forecast sustainability, the temporal 

relationship must be examined.  

This study addresses the sustainability of both softwood and hardwood growing stock 

timberland in the South over time and space (physiographic regions and states). The first 

objective of this study is to determine if any relationship exists between trends in the (G/R) 

ratio in the past and the (G/R) ratio today accounting for variations in time and space. As 

shown in Figures 1 and 2, there appears to be a cyclical relationship between the (G/R) ratio 
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in the past and the (G/R) ratio today. However this relationship may not develop over one 

period (data measurements are detailed in chapter 3). Therefore, it is hypothesized that when 

examining the relationship between the (G/R) ratio in the past and the (G/R) ratio of the 

current period there will be a positive relationship with the (G/R) ratio in the short run (one 

period ago), and a negative relationship with the (G/R) ratio in the long run (two periods 

ago). 

The second objective of this study is to investigate the relationship between the (G/R) 

ratio and its individual components over time to determine if one component has more of an 

impact on the (G/R) ratio than the other. As noted above in Figures 3 and 4, over time growth 

has an upward trend, while removals tend to oscillate. Observing this relationship leads to the 

hypothesis that net removals is the driver of change within the (G/R) ratio. 
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Figure 3. Growth and Removals of selected states 
 
 

 
 

Figure 4. Growth and Removals for physiographic regions 
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CHAPTER 2: REVIEW OF LITERATURE 
 

In order to gain an understanding of the dynamics of the (G/R) ratio, this section first 

examines the struggle to define and measure sustainability across various disciplines as well 

as forest management. Although a succinct definition could not be agreed upon within the 

field of forest management, a means to measure sustainability was found: Montreal Process 

Criterion and Indicators. Although these indictors track past and current trends, little work 

has been done to determine their usefulness in forecasting sustainability. In an effort to link 

the use of these indicators and forecasting sustainability, literature concerning forecasting 

forest resources is also examined. 

2.1 Defining and Measuring Sustainability 
In the 1987 Brundtland Report, Our Common Future, the concept of sustainability 

and sustainable development as applied to the environment and natural resources, was 

introduced as a global issue during a major international conference. Sustainable 

development was defined as “development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (WCED 1987). 

Since the publication of the Brundtland Report, there have been over 300 definitions of 

‘sustainability’ and ‘sustainable development’ that have emerged within the field of 

environmental management (Johnston et al. 2007). 

Despite the plethora of definitions available, debate continues on how one should 

define sustainability and sustainable development. It is argued that a clear understanding of 

sustainability is a pre-requisite for determining how to successfully achieve sustainability 

(Toman 1992). In addition, the numerous definitions of sustainability and sustainable 
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development imply various groups have their own connotation associated with these terms 

(Johnston et al. 2007). For example, the ecological definition of sustainability concentrates 

on preserving the longevity and productivity of the entire ecosystem, including preserving 

genetic material and maintaining biological diversity. Social sustainability focuses on the 

continuous fulfillment of the three basic human needs: food, water, and shelter. Economists, 

however, stress the preservation and enhancement of society’s living standards (Toman 1992; 

Brown et al 1987).  This lack of consensus, can lead to limiting the credibility of both the 

concept of sustainability and sustainable development, as well as evoke uncertainty about the 

practicality of their applications (Johnston et al. 2007). 

Some work has been conducted since the introduction of the Brundtland Report to 

define sustainability and what should be done once it is defined. Johnston et al. (2007) posits 

the first step to defining sustainability and sustainable development is to dispel the notion 

that the two terms are synonymous. Sustainability should be viewed as an overarching 

paradigm, that when appropriately defined, takes into consideration all environmental, 

economic, and social aspects of an issue. Sustainable development, however, should be seen 

as a descriptive subset of sustainability, such as sustainable agriculture or sustainable 

forestry. In this case, development should be defined as a process or means to correcting the 

issues that threaten aspects of sustainability. It is only after being able to define 

sustainability, that the development required to achieve it can be determined (Johnston et al. 

2007).   

Costanza and Patten (2007), conversely argue the definition of sustainability is simply 

the definition located in the dictionary: a sustainable system is one which survives or 
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persists. They contend many of the definitions of sustainability are in actuality predictions of 

sustainability. For example, one may define sustainability as keeping harvesting rates below 

the rates of regeneration.  Although this theoretically can lead to a sustainable system, it does 

not define sustainability; it predicts sustainability (Costanza and Patten 2007). 

The inability to agree upon a single definition of sustainability is not only an issue in 

the broad field of natural resource management, but also within the narrowed spectrum of 

forest management and forest sustainability. The American Forest & Paper Association 

defines forest sustainability as: 

“managing our forests to meet the needs of the present without compromising the ability of 
future generations to meet their own needs by practicing a land stewardship ethic which 
integrates the growing, nurturing, and harvesting of trees for useful products with the 
conservation of soil, air, and water quality, wildlife and fish habitat, and aesthetics” 
(American Forest and Paper Association 2000, p. 1).  
 
The USDA Forest Service suggests the definition of forest sustainability should include “the 

continued existence and use of forests to meet human physical, economic, and social needs; 

the desire to preserve the health of forest ecosystems in perpetuity; and the ethical choice of 

preserving options for future generations while meeting the needs of the present” (USDA 

Forest Service 2010, p.2). Although these definitions have similar elements, the differences 

in definitions imply even within the field of forestry, the term sustainability evokes various 

connotations.  

In addition to issues defining forest sustainability, there is also a concern of how 

sustainability should be measured. As international policies seek to implement sustainable 

forest practices, there is often no comparable means to determine if a policy will correctly 

measure progress towards sustainability (Phillis 2000). It is widely accepted that in order to 
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determine if progress is being made towards forest sustainability, periodic assessments of 

forest conditions should be performed. This can be done through the use of criteria and 

indicators. The criteria are the broad, core values that are to be maintained. The indicators are 

aspects of the criteria that can be measured to track progress towards sustainability (Hall 

2001; MPCI 1999). 

2.2 The Montreal Process 
In response to society’s concern for depleting natural resources and other 

environmental issues, the United Nations hosted the Conference on Environment and 

Development (UNCED), in June 1992. The purpose of this conference, dubbed the Rio Earth 

Summit, was to encourage governments to determine strategies and measures to halt 

environmental degradation, as well as promote sustainability of natural resources (Haas 

2008). It was at this conference the role of forest sustainability in promoting overall natural 

resource sustainability, was first globally recognized. This led to the adoption of the 

Statement of Forest Principles, a “non-legally binding authoritative statement of principles 

for a global consensus on management, conservation and sustainable development of all 

types of forests” (MPCI 2009, p. 4).  In addition, Chapter 11 of Agenda 21 was also adopted 

to act as an international sustainable development action plan (United Nations 1992).  

Agenda 21, composed of 40 forty chapters, identified a wide range of international issues 

such as poverty and rapidly increasing populations. These issues were all found to be 

stressors on the environment and therefore obstacles to sustainability and sustainable 

development.  Chapter 11 of this agenda focuses specifically on combating deforestation. 

This chapter is divided into four program areas or goal statements: 
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A. Sustaining the multiple roles and functions of all types of forests, forest lands and 
woodlands 
B.  Enhancing the protection, sustainable management and conservation of all forests, and the 
greening of degraded areas, through forest rehabilitation, afforestation, reforestation and 
other rehabilitative means 
C.  Promoting efficient utilization and assessment to recover the full valuation of the goods 
and services provided by forests, forest lands and woodlands 
D.  Establishing and/or strengthening capacities for the planning, assessment and systematic 
observations of forests and related programs, projects and activities, including commercial 
trade and processes 

 
Listed within each program area are detailed objectives and a blueprint of how the global 

community could reach each goal. One major aspect of each blueprint is data and 

information. As many countries were not consistently collecting data on their forests, 

tracking progress to sustainability and sustainable development was difficult.  As a means to 

eliminate this issue, Chapter 11 called for countries to begin collecting data on numerous 

forest characteristics such as land use, forest cover, land capacity, ecological values, as well 

as market values for forest products and services. The initial data collected by each country 

would serve as a baseline, while subsequently collected data would be used to track progress 

and update policies and programs as needed (Agenda 21, 1993). 

Following the Rio Earth Summit, in September 1993, the Conference on Security and 

Cooperation in Europe (CSCE) sponsored an international seminar in Montréal, Canada. The 

purpose of this conference was to focus on the sustainable development of boreal and 

temperate forests, in hopes of developing national level criteria and indicators (C&I) for the 

assessment of progress towards forest sustainability. The twelve countries included, which 

represent 60% of the entire world’s forest, were: Argentina, Australia, Canada, Chile, China, 

Japan, Republic of Korea, Mexico, New Zealand, Russian Federation, Uruguay and the 
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United States of America. The following year, the Montreal Process Working Group began 

developing C&I (MPCI 2009). The resulting C&I included seven criteria and 67 indicators to 

measure sustainable forest management. The seven criteria included: 

1. Conservation of biological diversity 
2. Maintenance of productive capacity of forest ecosystems 
3. Maintenance of forest ecosystem health and vitality 
4. Conservation and maintenance of soil and water resources 
5. Maintenance of forest contribution to global carbon cycles 
6. Maintenance and enhancement of long-term multiple socio-economic benefits 
7. Legal, institutional and economic framework for forest conservation and sustainable 

management 
 

These C&I, although not a succinct definition of forest sustainability, do signify a mutual 

understanding of forest sustainability and what elements it should include. In February 1995, 

the twelve member countries met in Santiago, Chile to sign the Santiago Declaration, which 

served as a commitment for signees to use the established C&I as an assessment and 

monitoring tool (MPCI 2009).  

 In accordance with the Santiago Declaration, the United States has placed a great deal 

of time and resources in collecting data to track progress towards forest sustainability. The 

Forest Inventory and Analysis (FIA) program of the USDA Forest Service has been 

conducting nationwide forest inventories since the late 1920s. However, with the adoption of 

the Santiago Declaration, the FIA became responsible for collecting data related to the C&I, 

including annual inventories of tree species distribution, growth, regeneration, and mortality. 

 In addition to making data available for public use through online databases, the FIA, 

along with other agencies, also presents its findings in a report entitled National Report on 

Sustainable Forests. The objective of the report is to provide information on the specific 
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C&I, as well as highlight emerging and continuing national and regional trends (USDA 

Forest Service 2003, USDA Forest Service 2010).   

As with many natural resources, tracking the historical and current use trends of 

forests provide invaluable information about the progress toward the goal of sustainable use, 

but this information may not be sufficient in determining future sustainability. It is often 

necessary to forecast these trends to determine if current practices can lead to resource 

sustainability in the long run (USDA Forest Service, 2010). 

2.3 Forecasting Forest Resources 
Although the fears of forest resource depletion were introduced as an international 

issue in 1972, fear of timber supply shortages have been a concern in the United States for 

more than a century. In 1891, these fears prompted Congress to pass the Forest Reserve Act 

which created forest reserves on public lands (Abt et al. 2000; USDA 2003). 

In 1974, more than 80 years after the passage of the Forest Reserve Act, Congress 

passed the Forest and Rangeland Renewable Resources Planning Act (RPA). The RPA 

required an assessment of the United States forest resources every 10 years, including present 

and anticipated uses, demand, and supply of forest resources and placed an emphasis on the 

relationship trends between supply, demand, and price (USDA Forest Service, 2011). 

Recognizing the importance of having reliable information on resource planning and current 

policy evaluation, the RPA cultivated a system within the USDA Forest Service that stressed 

long term analytical planning and its benefits (Haynes 1983). The resulting projections of the 

RPA assessment reports are an invaluable resource to every component of the forestry sector. 

Landowners utilize projections to determine future supplies which affect prices and returns 
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on management investments.  Future supply is also important to primary processors as they 

rely on sufficient resources to produce solid wood and pulp and paper (Cubbage et al. 1990). 

As timber supply and environmental protection concerns increased on both the 

national and international scale, timber supply projections have become extremely important 

in not only determining how current polices and use trends affect inventory, but also as a tool 

to identify emerging issues and the feasibility of future policies. The importance of timber 

supply projections coupled with the emergence of resource and environmental policies have 

created an interest in what forces and scenarios can have impacts on forest resource supplies 

(Cubbage et al. 1990; Haynes, 1983). This interest led to efforts to develop models to project 

future scenarios. 

Models such as the Timber Assessment Market Model (TAMM), State Allocation of 

Regional Inventory Model (SARIM), and the Southern Regional Timber Supply (SRTS) 

Model all emerged as economic models, where supply is a function of demand and price, to 

project timber supply through time. Timber inventory models, on the other hand, are driven 

by timber growth, removals, and forest land changes. These models include the Timber 

Resource Analysis System (TRAS), Timber Resource Inventory Model (TRIM), and 

Aggregate Timberland Assessment System (ATLAS) (Cubbage et al. 1990).  

Projecting timber supply and inventory is an important piece to understanding the 

productivity of the forest of the United States, especially in the South, a region with the 

highest concentration of timberland. In addition, the South holds the majority of planted 

timberland in the form of pine plantations. Plantations across the United States and 
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specifically, in the South, play an important role in fulfilling the current demand of timber 

supply. (USDA Forest Service 2009). 

As timberland in the South is expected to continue as a major producer, it is not only 

important to project inventory and supply, it is also important to investigate the sustainability 

of forest resources over time. When the (G/R) ratio is greater than one, growth outpaces the 

rate of removals, and holding all else constant, inventory should be increasing, which can 

constitute one measure of sustainability. 

This ratio is often used as a reference point to forecast future resource sustainability.  

For example, a high (G/R) ratio today often is seen as an indicator of a high (G/R) ratio in the 

future. As Costanza and Patten contend, the ways in which sustainability is defined, is often a 

prediction of sustainability (2007). It is expected that forests with a (G/R) ratio greater than 

one will continue to be sustainable, should similar practices from the past be implemented in 

the future.  

Although growth rates may be stable over time, removals are often related to demand. 

For example in the current recession, demand for forest resources is low, depressing the price 

of the resource, causing harvest rates to decrease. Therefore, a (G/R) ratio greater than one 

during a certain time period may not be an accurate reference point to determine the (G/R) 

ratio in the future, as demand can change over time. However, little work has been done to 

investigate the dynamics of the (G/R) ratio over time.  
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CHAPTER 3: DATA AND METHODOLOGY 
 

This chapter presents the data, theoretical framework, and the estimation techniques 

used in this analysis. The data section describes how data were collected. The theoretical 

model development describes the background on the models used, while the estimation 

techniques list the actual models used in this analysis.  

3.1 Data 
This study analyzes the dynamics of the (G/R) ratio with itself and its components 

over time and space for hardwood, softwood, and total timberland for the southern United 

States.  Data used in this analysis were extracted from the Forest Inventory and Analysis 

(FIA) database. FIA collects data relating to various forest conditions, such as annual 

inventories of tree species distribution, growth, regeneration, mortality, and removals. To 

collect these data, the FIA has divided the United States into stratified, hexagonal plots of 

approximately 6,000 acres.  Within each hexagon there is a sampling point, which serves as 

the center for a permanent inventory plot. Remote sensing imagery and field verification are 

used to determine what, if any, parts of a particular plot are forested. Once the forested parts 

are determined, plots are randomly selected and a field crew collects the necessary data 

(USDA Forest Service 2010).  

Although FIA does collect data on the county level, FIA’s extensive inventories are 

expected to provide reliable estimates only for areas in excess of 1 million acres. When data 

are divided into smaller areas, such as counties, the sampling error increases and the 

reliability of the estimates decreases. Due to the fact data are collected through random 

sampling and are being examined for a relatively large sampling area (the southern United 
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States) these data will be used to estimate population-level statistics (USDA Forest Service 

2008, USDA Forest Service 2010).  

Data relating to hardwood and softwood annual net growth (the difference between 

gross growth and mortality) and removals were collected at the survey unit level for the 

twelve Southern states (although Kentucky is included in the southern FIA, it was excluded 

due to insufficient data).   

Cross sections: 
Growth and removals are affected by various factors depending on the regional scale 

being examined. Different states, for example, may have logging laws or practices that affect 

removals. On the other hand, physiographic regions differ in terrain, soil texture, rock type, 

geologic structure, and climate and thus may have differences in their growth rates. As there 

are various factors affecting both growth and removals on regional levels, data collected were 

analyzed in two spatial groups: state by survey unit and physiographic region by state. Table 

1 describes the data on the state level and the number of observations by species group. The 

state by survey unit estimates use each individual state and survey unit combination as an 

observation, resulting in 51 cross sections.  

Table 2 shows the total number of observations in each physiographic region and the 

number of observations by species group.  The physiographic regions by state estimates use 

each individual physiographic region and state combination as an observation, resulting in 29 

total cross sections. Figure 5 shows the proportion of each state  within each physiographic 

region. Appendix B contains a table of each physiographic region and the states and survey 

units within it. 
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Table 1. Observations by State  

  
No. of 

SU Years Surveyed 

No. of 
Obs./Species 

Group 
Alabama 6 1972 1982 1990 2000 2005 2010 36 
Arkansas 5 1978 1988 1995 2005 2010   25 

Florida 4 1970 1980 1987 1995 2007   20a 
Georgia 5 1972 1982 1989 1997 2005 2010 30 
Louisiana 5 1974 1984 1991 2005     20 
Mississippi 5 1977 1987 1994 2006     20 
North Carolina  4 1974 1984 1990 2002 2007 2010 24 

Oklahoma 2 1976 1986 1993 2008     8b 
South Carolina 3 1978 1986 1993 2001 2006 2010 21 
Tennessee 5 1980 1989 1999 2005 2010   25 
Texas 2 1975 1986 1992 2003 2010   10 
Virginia 5 1977 1985 1992 2001 2007 2010 30 

Table 2. Observations by Physiographic Region 

  
No. of 
States 

No. of Obs./Species 
Group 

Coastal Plain 9 48 
Delta 3 13 

Mountain 7 37a 
Piedmont 10 52 
Notes: a - Oklahoma's Survey Unit 2 is located within the Mountain 
region and has softwood data missing for year 1976. Therefore there 
are 37 observations for softwoods and 38 observations for 
hardwoods.           

Notes: a- Florida's Survey Unit 4 has hardwood missing data for years 1970, 1980, and 1995. Therefore there are 
20 observations for softwoods and only 17 observations for hardwoods; b- Oklahoma's Survey Unit 2 has 
softwood data missing for year 1976. Therefore there are 7 observations for softwoods and 8 observations for 
hardwoods.           
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Figure 5.  Physiographic Regions of the South 

 
 

Historically, FIA collected data using a 10-year periodic survey.  In 1998, the 

Agricultural Research, Extension, and Education Reform Act (PL 105-185), required an 

annual inventory. However, the panel design described by Bechtold and Patterson (2005) was 

Coastal Plain 
Delta 
Mountain 
Piedmont 
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implemented. This panel design allows Federal funding for a 10 panel design in the East. 

Many southern states opt to a 5 panel design in which 20% of plots within a state are sampled 

each year, creating full inventory reports in 5-year cycles (Smith; Oswalt 2010).  

Time series:  
Due to the inconsistency in survey dates, the years in which surveys took place were 

roughly divided into periods as shown below: 

Period 1: 1970-1978                                Period 4: 1994-2003 
Period 2: 1979-19871                               Period 5: 2004-2008 
Period 3: 1988-1993                                Period 6: 2009-2010 

Dividing survey years into periods provides a consistent means of measuring time. It is 

important to note that as the periods increase, the span of time represented decreases. For 

example the first 2 periods have a span of 8 years while period 5 and 6 represent spans of 4, 

and 1 year respectively. Therefore it is expected there is less variation in data of the latter 

periods than that of those in the earlier period.  

As no work has been done to examine the (G/R) ratio over time using an econometric 

approach, there is no widely accepted theory to follow in order to analyze this relationship. 

Due to the fact these data are collected over time, it is possible to use time-series analysis to 

observe trends over time. As this study intends to provide a baseline of results that can be 

built upon as more data becomes available, basic analytic techniques are used. 

3.2 Theoretical Model Development  
To address the dynamics and the decomposition of the (G/R) ratio across the South, it 

is assumed the current (G/R) ratio can be modeled as 

∑      (3) 

                                                 
1 Florida had 2 surveys during Period 2 (1980 and 1987). The 1987 survey data are included in Period 3.  
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Where α is the intercept, δ represents the cross-sectional fixed effects, γ represents the 

time-series fixed effects, and ε is the cross-section time series (observational) error; t 

represents the time period and k represents the number of periods lagged. β and y allow for 

one, two, or both lags of the dependent variable yt, the (G/R) ratio.  

 For the decomposition model, the full model is slightly different 

∑ , ∑ ,   (4) 

In this model, the dependent variable is still the (G/R) ratio, but the independent 

variables are lagged removals (one period and two period lags, rt-k) and lagged growth (one 

period and two period lags, gt-k). 

The first statistical test estimates correlation coefficients between the (G/R) ratio of 

the current period and the (G/R) ratio lagged one period, (G/R)t-1, lagged two periods,  

(G/R)t-2 ,  its components lagged one period, Growth t-1 and Removals t-1, and its components 

lagged two periods, Growth t-2 and Removals t-2; for  both states and physiographic regions. 

 The simplest regression is the ordinary least squares regression (OLS). This was used 

to determine if any relationship exists between the (G/R) today and in the past as well as 

determine if any relationship exists between the (G/R) today and the lagged value of its 

components. In essence OLS, restricts the γ and δ in equations (3) and (4) to be equal to zero. 

However, because there is correlation within the cross sections through time, it is possible 

that the OLS estimates are biased (incorrect standard error) although still consistent.  

Correcting for this bias can be done using fixed effects (panel) models, which is the full 

model posited in equations (3) and (4) above. 
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These restrictions are imposed one at a time in order to separate the effects of time 

and space. Fixed effects analysis controls for the average differences across space, by 

creating dummy variables for each cross section in order to observe only the effects of time. 

To observe only the effects of space, dummy variables are created for each time series 

(period). The fixed effects model is estimated by calculating deviations from the mean, thus 

removing the fixed effects from the estimation.  While this can impose a significant 

constraint if there are variables for which the values are constant for all of a cross section, the 

model proposed does not include any of these variables. However, the fixed effects models 

for the (G/R) ratio dynamics (equation 3), will now be inconsistent, though not biased, 

because of the inclusion of the lagged dependent variable. This complication is addressed by 

using dynamic panel models. This model is estimated as a first difference model, where 

instrumental variables are used to generate  t-k, and the estimation is conducted using the 

Generalized Method of Moments (GMM) (Mileva, 2007). GMM is used to correct for any 

inconsistency and bias in the estimates in equation (3). For these estimates, only the models 

where the cross sections are fixed (to isolate the effects of time) are evaluated. 

																												∆ ∑ ∆                                                         (5)                    

First-differencing eliminates the cross-section fixed effects in much the same way as 

de-meaning, and the Δ  t-k is the instrumented estimate of yt-k which is developed by using 

the earlier lags of the RHS variable.  
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3.3 Estimated Models 
Estimators for Growth to Removal Dynamics and Decomposition  

As a means of preliminary investigation, correlations between the (G/R) ratio of the 

current period and the lagged values of itself and its components were calculated for each 

state and physiographic region. In addition, OLS analysis was also used to investigate this 

relationship over time, however there is no isolation of temporal or spatial effects. In this 

analysis, each period for each state and survey unit is a single observation. The OLS models 

were estimated as follows: 

Growth to Removals Ratio Dynamics 

																																																												 	 	                                   (6) 

																																																												 	 	                                   (7) 

																								 	 	 	                                   (8)  

 
Growth to Removals Ratio Decomposition 

																																									 +	   	                                  (9) 

																																									 +	 	                                  (10) 

Where: 
a is the intercept 
h represents the cross-sectional fixed effects 
k  represents the time-series fixed effects 
 

Fixed Effects Analysis  

In order to separate the effects of time and space, fixed effects analysis was applied. 

Fixed effects analysis controls for the average differences across space, by creating dummy 
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variables for each cross section (in this case it is each state and survey unit or physiographic 

region and state) in order to observe only the effects of time. To observe only the effects of 

space, dummy variables are created for each time series (period). The models analyzed for 

fixed effects analysis are the same as those listed above (eq. 6-10). However, to observe only 

the effects of time h is fixed; to observe only the effects of space k is fixed.  

The (G/R) ratio is often used to measure sustainability and as reference point to 

forecast sustainability in the future. In this chapter several statistical tests have been 

developed to test the two hypotheses presented earlier: (1) when examining the relationship 

between the (G/R) ratio in the past and the (G/R) ratio of the current period there will be a 

positive relationship with the (G/R) ratio in the short run (one period ago), and a negative 

relationship with the (G/R) ratio in the long run (two periods ago) and (2) removals are the 

driver of changes within the (G/R) ratio. 
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CHAPTER 4: RESULTS AND DISCUSSION 
 

This chapter presents the results from the statistical tests used to examine the main 

questions of this analysis: (1) Dynamics: What is the relationship between the (G/R) ratio of 

the current period and the (G/R) ratio in the past? (2) Decomposition: Does any individual 

component of the (G/R) ratio have more of an impact on the (G/R) ratio than the other? 

Results from this empirical analysis showed in the short run, there is a positive relationship 

between the (G/R) ratio and itself over time and in the long run, there is an inverse 

relationship over time. Neither growth nor drain was shown to have more of an impact on the 

(G/R) ratio. 

4.1 Growth to Removals Dynamics 
The (G/R) ratio is often used as reference point to determine resource sustainability. 

A high (G/R) ratio today is seen as an indicator of a high (G/R) ratio in the future. Results 

from the correlation and the OLS analyses seem to support this rule of thumb.  

Correlations between the (G/R) ratio of the current period and its lagged values were 

calculated for each state and physiographic region as well as each species group (Appendix 

C). Calculating correlations by state and physiographic region controls for some spatial 

effects, however variations across survey units are not controlled.  Therefore, correlation 

results contain a mixture of both spatial and temporal effects.  

When examining correlations with no distinction between species groups, each state 

(with the exception of South Carolina) and physiographic region showed a positive 

correlation between the (G/R)t   and its lagged values. South Carolina demonstrated a 

negative correlation between (G/R)t  and  (G/R)t -2. This may be due to Hurricane Hugo in 
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1989, which had a negative impact on South Carolina’s growing stock and thus affected 

growth rates. When separating the species groups, the results are similar to those previously 

stated- the relationship between (G/R)t and the lagged values of itself demonstrated a positive 

correlation. The exceptions here include Georgia, Mississippi, South Carolina, and the 

Piedmont region where the softwood (G/R)t showed a negative correlation with (G/R)t-2; 

South Carolina also had a negative correlation between hardwood (G/R)t  and (G/R)t-2.  

Overall results from the correlation estimates show a positive relationship between the (G/R) 

ratio of the current period and in both the long and short run. 

To more precisely determine the relationship between the (G/R) ratio of the current 

period and the (G/R) ratio of the past, OLS analysis was also used to examine the (G/R) ratio 

as a function of its lagged values. In this analysis both the spatial and temporal effects are 

unfixed and thus present in the results. 

 Table 3 shows the OLS results when examining the relationship of the (G/R) ratio 

over time in the short run; Table 4 shows OLS results when examining the relationship of the 

(G/R) ratio in the long run; and Table 5 shows results where the long and short run are both 

included. When examining the relationship between (G/R)t and its lagged values, (G/R)t-1 and 

(G/R)t-2, the results correspond with those seen in the correlation analysis. In each analysis 

conducted (G/R)t showed a statistically significant, positive relationship with its lagged 

values (There is one exception where the relationship between (G/R)t  and (G/R)t-2 is  

negative, but lacks significance). 
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 The results from the correlation and OLS analyses suggest the (G/R) ratio has a 

positive relationship with itself over time. However, the R2 are relatively low ranging from 

0.13 to 0.48. 

Table 3. Growth and removals dynamics: Ordinary least squares estimates of the effect of last periods 
growth/removals ratio (G/R)t-1 on current period growth/removal ratio (G/R) for all species combined, 
softwoods only and hardwoods only. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All species Softwoods only Hardwoods only

Intercept 1.71 1.03 1.68

0.412*** 0.402*** 0.400***

(.035) (.062) (.037)

431 217 214

R
2

.25 .16 .36

Adjusted R
2

.25 .16 .35

(G/R) t‐1

No. of obs.

Standard errors in parentheses. 

*** indicates significance at 5%; ** at 10% and * at 20%.
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Table 4. Growth and removals dynamics: Ordinary least squares estimates of the effect of two periods ago 
growth/removals ratio (G/R) t-2 on current period growth/removal ratio (G/R) for all species combined, 
softwoods only and hardwoods only. 

 
 
Table 5. Growth and removals dynamics: Ordinary least squares estimates of the effect of last periods 
growth/removals ratio (G/R)t-1 and two periods ago growth/removals ratio  (G/R)t-2 on current period 
growth/removal ratio (G/R) for all species combined, softwoods only and hardwoods only. 

 
  

All species Softwoods only Hardwoods only

Intercept 1.24 .87 1.56

0.315*** 0.439*** 0.243***

(.042) (.087) (.042)

330 166 164

R
2

.15 .13 .18

Adjusted R
2

.15 .13 .17

*** indicates significance at 5%; ** at 10% and * at 20%.

(G/R) t‐2

No. of obs.

Standard errors in parentheses. 

All species Softwoods only Hardwoods only

Intercept .85 .64 .07

0.376*** 0.262*** 0.675***

(.049) (.068) (.068)

0.153*** 0.312*** ‐.012

(.044) (.090) (.043)

330 166 164

R
2

.28 .21 .48

Adjusted R
2

.28 .20 .47

(G/R) t‐1

No. of obs.

(G/R) t‐2

Standard errors in parentheses. 

*** indicates significance at 5%; ** at 10% and * at 20%.
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Fixed Effects Analysis  
OLS restricts both temporal and spatial effects to equal zero, therefore they are both 

present in the model. Fixed effects analysis is used to separate the effects of time and space. 

In this analysis, variations across states and physiographic regions are fixed to observe only 

the effects of time. In addition, the variations across time are fixed to observe only the effects 

of space. 

 Using states and survey units as cross sections, the average differences across states 

are isolated to determine whether the (G/R) ratio at a point in time has implications for 

determining the (G/R) ratio in the future.  To determine if OLS would provide reasonable 

results the F-test was used. In each model that isolated the variances across states, the Fstat is, 

at minimum significant at the 20% level, indicating there are group effects across space and 

that OLS would not be expected to produce reasonable results.  

 In each model in which the variance across states was fixed, the relationship between 

(G/R)t  and its value lagged one period was positive, but only statistically significant when 

examining each species groups individually (Table 6). These results imply a positive 

relationship over time in the short run. This is expected as previous research done on this 

topic showed it took approximately 20 years for the cyclical relationship to be observed 

(Sheffield, 2012) . The time elapsed between periods is an average of 8 years, thus it would 

take approximately two periods to observe the full cycle. 

A negative relationship between (G/R)t and its value lagged two periods was seen in 

each model, however it was only statistically significant in the models containing all species 

combined or hardwoods only (Table 7). Models examining the relationship between (G/R)t 
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and its values lagged one and two periods, showed a negative, statistically significant 

relationship between (G/R)t and (G/R)t-2 (Table 8). Both models suggest a negative 

relationship over time in the long run. The relationship between (G/R)t and (G/R)t-1 is not 

robust across the models. When examining softwoods and hardwoods together, the 

relationship is negative but lacks significance. Examining only softwoods the relationship is 

negative and statistically significant at the 5% level. Hardwoods (G/R)t and (G/R)t-1 

demonstrate a positive, but statistically insignificant relationship. 

 Controlling for variations across time and examining only the effects of space, each 

model produced an Fstat significant at the 20% level. In addition, each model showed a 

positive relationship between (G/R)t and its lagged values (except for the results of equation 

3, when examining hardwoods only. This resulted in a negative relationship between (G/R)t 

and (G/R)t-2 over space, which was statistically insignificant). 

Overall these results imply two relationships. In the short run, there is a positive 

relationship: a high (G/R) ratio in the past can indicate a high (G/R) ratio in the near future. 

In the long run, there is an inverse relationship over time: a high (G/R) ratio in the past, can 

indicate a lower (G/R) ratio in the future. The estimates in which variations in time were held 

constant imply a positive relationship over space: states with a high (G/R) today will likely 

have a high (G/R) in the future. Additionally, although both the analysis controlling for time 

and the analysis controlling for space provide statistically significant parameter estimates, the 

R2s when controlling for variations in space (.55-.70) are relatively higher than those when 

controlling for variations in time (.14-.55). This suggests that variations in space explain 

more of the (G/R) ratio than variations in time.  
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When controlling for differences across physiographic regions and observing the 

effects of time, each model contained an Fstat that, at minimum, was significant at the 20% 

level, indicating there are group effects across space and that OLS would not be expected to 

produce reasonable results. Examining the relationship between the (G/R)t and its values 

lagged one period (Table 6), only the hardwood data indicated statistically significant, 

positive  results. Conversely, when examining the relationship between the (G/R)t and its 

values lagged two periods (Table 7), only the softwood data indicated statistically significant, 

negative  results. Softwoods were also the only group to show a statistically significant, 

negative relationship between (G/R)t and (G/R)t-2, when including both lagged values in the 

model (Table 8). 

Fixing the variations within each time period and examining the effects across 

physiographic regions led to statistically significant Fstat in each model (except for the model 

analyzing the relationship between (G/R)t and (G/R)t-1 for all species).  

Analyzing the data across all species, each model revealed a positive, statistically 

significant relationship between the current (G/R) ratio and is lagged values. Results from the 

softwood analysis showed a positive, statistically significant relationship between (G/R)t  and 

(G/R)t-1. However, in models containing only (G/R)t-2 , the result is a statistically 

insignificant, negative relationship. This is also true for the model containing both (G/R)t-1 

and (G/R)t-2. Hardwood analysis results show a statistically significant positive relationship 

over space in each model with the exception of the model containing both lagged values. In 

this model, the relationship between (G/R)t  and (G/R)t-2 is positive but statistically 

insignificant.  
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The results from controlling variations across physiographic region are not as robust 

as when controlling variations across states. And it is therefore difficult to draw a conclusion 

as the relationship between the (G/R) ratio in the past and the (G/R) ratio of the current 

period over time. However, when examining this relationship over space a clear relationship 

does emerge. When an estimated parameter is significant at any level, it is positive, 

suggesting a positive relationship over space (state or physiographic region). As seen in the 

results where states are the cross sections, the R2s when controlling for variations in space 

(.35-.74) are relatively higher than those when controlling for variations in time (.13-.56). 

Suggesting, again, that variations in space explain more of the (G/R) ratio than variations in 

time. 

Due to the inclusion of the lagged dependent variable within the fixed effects model, 

it is possible the estimates are inconsistent. To address this issue, dynamic panel models were 

estimated using Generalized Method of Moments (GMM). GMM models are used to correct 

for possible correlations within the error terms which can cause estimates to be inconsistent. 

The GMM model is a first difference model, in which earlier lags of the dependent variable 

(G/R) are used as instrumental variables. Only the models where the cross sections are fixed 

(to isolate the effects of time) are evaluated using this procedure. 

When examining the relationship between the (G/R) ratio of the current period and the (G/R) 

ratio lagged one period using states and survey units as the cross section, the analysis that 

contained all species and hardwoods only, showed a positive, statistically significant 

relationship (Table 9). Softwoods however, revealed a negative statistically significant 
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relationship. In each model, when examining the relationship over the short run, the lagged 

values used as instruments are shown to be valid and thus pass the Sargan test.  

 Using the physiographic regions as cross sections, the results are similar to the 

aforementioned. Each analysis showed a statistically significant, positive relationship 

between the (G/R) ratio of the current period and the period before. Each model analyzing 

the short run relationship passed the Sargan test for validity. 

In the analysis where the relationship between (G/R) ratio of the current period and 

the (G/R) ratio lagged two periods is investigated the results are less robust (Table 10). The 

model containing all species showed a statistically significant, negative relationship, but did 

not pass the Sargan test for instrumental variable validity. The models containing softwoods 

only and hardwoods only passed the Sargan test, but did not produce statistically significant 

parameter estimates. This is also seen in the results where physiographic regions are the cross 

sections. Only the model containing hardwoods, showed a positive statistically significant 

result. However it failed the Sargan test. The model containing all species and softwoods 

only produces statistically insignificant results. 

Including both lagged values in the model, leads to the failures of the Sargan test for 

models containing all species, softwood only, and hardwood only (Table 11). However, the 

model containing all species did show a negative, statistically significant relationship 

between the (G/R) ratio of the current period and both its lagged values. Softwoods also 

showed a negative relationship, however only (G/R)t-1 was statistically significant. When 

using physiographic regions as the cross section, the Sargan test fails for the models 
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analyzing only softwoods and only hardwoods. Only the softwoods analysis produces a 

statistically significant result, indicating a negative relationship between (G/R)t and (G/R)t-1. 

The GMM analysis supports one of the findings from the fixed effects analysis. There 

is evidence that in the short run, there is a positive relationship over time between the (G/R) 

of the current period and the (G/R) ratio in the past. However, the evidence to support the 

claim that in the long run, there is negative relationship over time was not seen in these tests. 

It is clear to see in the results that as the number of lagged variables increases, the validity of 

the instrumental variables decreases. This may be due to the fact this data set has only 6 time 

periods and there may not be enough instrumental variables to estimate an equation with two 

lagged periods.  
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All species SW only HW only All species SW only HW only
All 

species
SW only HW only All species SW only HW only

Intercept 3.09 2.93 2.92 1.79 .99 1.81 1.70 1.25 1.74 1.84 1.27 1.98

(G/R)t-1 .001       .222***       .111***            .211***       .381***        .400*** -.006 .035      .148***             .110***        .248***       .299***

(.04) (.07) (.05) (.03) (.07) (.04) (.02) (.08) (.04) (.03) (.08) (.04)

Number of cross sections 51 50 50 51 50 50 29 29 29 29 29 29

Time series length 5 5 5 5 5 5 5 5 5 5 5 5

R
2 .61 .55 .69 .19 .16 .39 .66 .35 .71 .18 .14 .42

F-test for FE    3.65***    3.00***    3.38***          1.78*     1.86*     2.09**  4.93***       1.42*   3.73*** 1.37       2.10***    2.01**

By time (for physiographic region and 
state)

Standard errors in parentheses. 
*** indicates significance at 5%; ** at 10% and * at 20%.

By state and survey unit By time (for state and survey units) By physiographic region and state

Table 6. Growth and removals dynamics Fixed effects estimates of the effect of last periods growth/removals ratio (G/R)t-1 on current period growth/removal 
ratio (G/R) for all species combined, softwoods only and hardwoods only, for four fixed effects models by state and survey unit (cross section held constant); 
by time (for state and survey unit held constant); by physiographic region; and by time (for physiographic region and state held constant)  
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All species SW only HW only All species SW only HW only
All 

species
SW only HW only All species SW only HW only

Intercept 2.65 1.25 2.82 1.92 1.15 2.16 1.68 1.69 2.03 1.86 1.65 2.26

(G/R)t-2    -.101*** -.021      -.074***            .149***       .524***        .263*** -.007        -.028*** -.003             .114*** -.027       .187***

(.04) (.13) (.06) (.03) (.1 ) (.04) (.02) (.07) (.05) (.02) (.08) (.04)

Number of cross sections 51 50 50 51 50 50 29 29 29 29 29 29

Time series length 4 4 4 4 4 4 4 4 4 4 4 4

R
2 .6 .55 .69 .14 .19 .23 .73 .52 .73 .28 .13 .25

F-test for FE    2.75***    2.13***    3.88***          2.65*     4.84***     3.70**  4.77***      2.29***   4.83***           4.57***       3.52***     3.96***

*** indicates significance at 5%; ** at 10% and * at 20%.

By state and survey unit By time (for state and survey units) By physiographic region and state By time (for physiographic region and 

Standard errors in parentheses. 

Table 7. Growth and removals dynamics: Fixed effects estimates of the effect of two periods ago growth/removals ratio (G/R) t-2 on current period 
growth/removal ratio (G/R) for all species combined, softwoods only and hardwoods only, for four fixed effects models by state and survey unit (cross 
section held constant); by time (for state and survey unit held constant); by physiographic region; and by time (for physiographic region and state held 
constant)  
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All 
species

SW only HW only All species SW only HW only
All 

species
SW only HW only All species SW only HW only

Intercept 2.72 2.66 2.59 1.22 2.59 1.96 1.60 1.77 1.80 .98 1.14 1.09

(G/R)t-1 -.205       -.329*** .082            .487***       .242***        .682*** .043 -.060 .127             .548***         .212***       .708***

(.09) (.09) (.12) (.06) (.07) (.07) (.11) (.10) (.12) (.08) (.09) (.09)

(G/R)t-2    -.102***       -.210***      -.080*            .056**       .409*** -.0001 -.006        -.273*** -.018             .064*** -.076 .001

(.04) (.13) (.06) (.03) (.10) (.04) (.02) (.07) (.05) (.02) (.08) (.04)

Number of cross sections 51 50 50 51 50 50 29 29 29 29 29 29

Time series length 4 4 4 4 4 4 4 4 4 4 4 4

R
2 .60 .60 .70 .39 .25 .55 .73 .53 .74 .55 .19 .56

F-test for FE    1.43***    2.33***    1.53***         4.72***     4.50***     6.44***  2.40***      1.97***   2.30***           7.02***       3.28***     6.40***

*** indicates significance at 5%; ** at 10% and * at 20%.

By state and survey unit By time (for state and survey units) By physiographic region and state
By time (for physiographic region and 
state)

Standard errors in parentheses. 

Table 8. Growth and removals dynamics: Fixed effects estimates of the effect of last periods growth/removals ratio (G/R)t-1 and two periods ago 
growth/removals ratio (G/R)t-2 on current period growth/removal ratio (G/R) for all species combined, softwoods only and hardwoods only, for four fixed 
effects models by state and survey unit (cross section held constant); by time (for state and survey unit held constant); by physiographic region; and by time 
(for physiographic region and state held constant)  
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All species SW only HW only
All 

species
SW only HW only

Intercept .121 -2.91 .758 .389 .276 .502

(G/R)t-2      -.148*** -7.29 2.85 .074 -.062    .544**

(.05) (7.27) (1.89) (.46) (.54) (.29)

Number of cross sections 51 50 50 29 29 29

Time series length 4 4 4 4 4 4

Sargan Test    9.13* 1.02 0.00 .100      1.80* .33

By state and survey unit By physiographic region and state

*** indicates significance at 5%; ** at 10% and * at 20%.
Standard errors in parentheses. 

All species SW only HW only
All 

species
SW only HW only

Intercept .153 .162 .341 .233 .177 .299

(G/R)t-1      .083***       -.516***       .489**      .281***         .261***      .211***

(.04) (.05) (.30) (.09) (.07) (.09)

Number of cross sections 51 50 50 29 29 29

Time series length 5 5 5 5 5 5

Sargan Test 9.35 3.98 5.32 2.75 4.18 4.95

By state and survey unit By physiographic region and state

Standard errors in parentheses. 
*** indicates significance at 5%; ** at 10% and * at 20%.

Table 9.  Growth and removals dynamics: Dynamic fixed effects estimates of the effect of last periods 
growth/removals ratio (G/R)t-1 on current period growth/removal ratio (G/R) for all species combined, 
softwoods only and hardwoods only, for two fixed effects models by state and survey unit (cross section held 
constant); and by physiographic region 

 
Table 10 .Growth and removals dynamics: Dynamic fixed effects estimates of the effect of two periods ago 
growth/removals ratio (G/R) t-2 on current period growth/removal ratio (G/R) for all species combined, 
softwoods only and hardwoods only, for two fixed effects models by state and survey unit (cross section held 
constant); and by physiographic region 
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All species SW only HW only
All 

species
SW only HW only

Intercept -.131 -.733 .663 .029 .299 .852

(G/R)t-1     -.399***     -1.23** .667 .902        -.400** -.952

(.09) (.73) (15.60) (4.67) (.20) (1.76)

(G/R)t-2      -.542*** -4.52 2.67 -.531 -.292       .429*

(.09) (8.14) (4.69) (3.27) (.38) (.28)

Number of cross sections 51 50 50 29 29 29

Time series length 4 4 4 4 4 4

Sargan Test   13.92***     0.00***     0.00*** .100     0.00***     0.00***

By state and survey unit By physiographic region and state

Standard errors in parentheses. 
*** indicates significance at 5%; ** at 10% and * at 20%.

Table 11. Growth and removals dynamics: Dynamic fixed effects estimates of the effect of last periods 
growth/removals ratio (G/R)t-1 and two periods ago growth/removals ratio (G/R)t-2 on current period 
growth/removal ratio (G/R) for all species combined, softwoods only and hardwoods only, for two fixed effects 
models by state and survey unit (cross section held constant); and by physiographic region 
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4.2 Growth to Removals Ratio Decomposition 
 
  Understanding the (G/R) ratio requires an understanding of is components. In this 

analysis the (G/R) ratio is analyzed using the lagged values of each component, growth and 

removals, in an effort to determine if one component has a stronger influence on future (G/R) 

(e.g. does growth in the previous period have a positive influence on future (G/R)). 

 Graphs of growth and removals over time for both the states and physiographic regions in 

the South (Figure 1 and Appendix A) show that although growth appears to have an upward 

trend, removals tend to oscillate. Observing this relationship, it is expected that net removals 

are the driver of changes within the (G/R) ratio. For this analysis, the (G/R) ratio of the 

current period is expressed as a function of the lagged values of its components.  

Correlations between the (G/R) ratio of the current period and the lagged value of its 

components were calculated for each state and physiographic region as well as each species 

group (Appendix C). As  previously mentioned, calculating correlations by state and 

physiographic region controls for some spatial effects, however variations within survey 

units are not controlled.  Therefore, correlation results contain a mixture of both spatial and 

temporal effects.  

When examining correlations with no distinction between species groups, a majority 

of the states and all physiographic regions demonstrated a negative correlation between the 

(G/R)t  and the values of its components lagged one and two periods.  South Carolina was the 

only state to show a positive correlation between (G/R)t and Rt-2. Correlations between (G/R)t  

and  the lagged values of  its components were typically negative in both the hardwoods and 

softwoods.  The exceptions include Georgia and South Carolina whose softwood (G/R)t  
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showed a positive correlation with Rt-2 and Mississippi, whose hardwood (G/R)t  showed a 

positive correlation with Gt-2. 

To examine the relationship between the (G/R) ratio of the current period and the 

lagged values of its components, OLS analysis was utilized. In this analysis both the spatial 

and temporal effects are unfixed and thus present in the results. Short run results are located 

in Table 12 and long run results are located in Table 13. 

The results from OLS analysis generally coincide with the results seen in the 

correlation analysis. Considering all species, the relationship between (G/R)t  and the lagged 

values of removals is negative and significant at the 5% level. It also greater in magnitude 

than the lagged values of growth, which lacks significance in both models. This suggests 

removals are the driver of the (G/R) ratio. 

Examining only softwoods, (G/R)t has a negative relationship with growth, but the 

relationship is only significant in the model containing the components value lagged two 

periods. The relationship between (G/R)t and Rt-1 and Rt-2 lacked statistical significance. 

Hardwood (G/R)t showed a statistically significant, positive relationship between each of its 

components except Rt-1, which demonstrated a statistically significant, negative relationship. 

The results when examining species groups individually do not provide robust results and 

therefore do not isolate growth or drain as the driver of the (G/R) ratio. 
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All species Softwoods only Hardwoods only

Intercept 2.63 2.58 2.87

Removals t-1 -0.013*** -.003 -0.030***

(.003) (.004) (.004)

Growth t-1 .004 -.004 0.010***

(.002) (.003) (.003)

No. of obs. 431 217 214

R
2

.14 .11 .24

Adjusted R
2

.14 .11 .24

Standard errors in parentheses. 

*** indicates significance at 5%; ** at 10% and * at 20%.

All species Softwoods only Hardwoods only

Intercept 2.52 2.46 2.5

Removals t-2 -0.007*** .002 .009***

(.003) (.004) (.003)

Growth t-2 -.006 -0.008*** 0.023***

(.003) (.004) (.005)

No. of obs. 330 166 164

R
2

.10 .10 .14

Adjusted R
2

.09 .09 .13

Standard errors in parentheses. 
*** indicates significance at 5%; ** at 10% and * at 20%.

Table 12. Growth and removals decomposition: Ordinary least squares estimates of the effect of last periods 
growth (Gt-1) and removals (Rt-1) on current period growth/removal ratio (G/R)t for all species combined, 
softwoods only and hardwoods only.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 13. Growth and removals decomposition: Ordinary least squares estimates of the effect of two periods 
ago growth (Gt-2) and removals (Rt-2) on current period growth/removal ratio (G/R)t for all species combined, 
softwoods only and hardwoods only. 

 

 

 

 

 

 
 

 

 



 

46 

Correlation analysis shows, by and large, a negative relationship between (G/R)t and 

the value of its components lagged one or two periods when examining by state or 

physiographic region. However, when OLS analysis was implemented, the observed negative 

relationship is not a strong. When examining all species, Rt-1 and Rt-2  (when statistically 

significant) demonstrate a negative relationship with (G/R)t and are higher in magnitude than 

the growth estimates. In softwoods, the growth lagged two periods seems to be the driver. 

Hardwoods data reveal a relationship where removals lagged one period and growth lagged 

two periods drive the (G/R) ratio. 

However, when using OLS analysis both variations across space and time are 

uncontrolled. To observe only the relationship over time, variations across space have to be 

fixed. Fixed effects analysis was also used to determine if one component has more of an 

effect on the (G/R) ratio over time.  

When fixing the effects of variations within states, each model used has an Fstat that is 

significant at the 5% level, indicating there are group effects across space and that OLS 

would not be expected to produce reasonable results. However, the results of the fixed effects 

analysis show (G/R)t and the lagged values of its components demonstrate minimal 

statistically, significant relationships. The relationship between the (G/R) ratio of the current 

period and its component values lagged one period showed no statistically significant results 

(Table 14). When including all species, Rt-2 and Gt-2 have a positive and negative 

relationship, respectively, with (G/R)t with statistical significance at the 20% level (Table 

15). When considering only hardwood, (G/R)t showed a positive relationship with Rt-2, with 
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significance at the 5% level. In all three models, the lagged values of removals were greater 

in magnitude. 

To observe only the effects of space, time was fixed. Each model resulted in an Fstat 

statistically significant at the 10% level (minimum). Examining all species, both models 

showed a negative relationship between the (G/R) ratio of the current period and the lagged 

values of its components. Only Rt-2, was statistically insignificant. Examining hardwoods 

showed a statistically significant (5 % level) positive relationship between the (G/R) ratio of 

the current period and the lagged values of its components. In the model containing all 

species and the model containing hardwoods, the lagged values of removals were greater in 

magnitude. The model examining only softwoods produced no statistically significant results. 

Controlling for variances in space using physiographic regions as the cross series 

produced statistically significant Fstats in each model, except for the models analyzing only 

softwoods. However none of the models of the component lagged one period show a 

statistically significant relationship, regardless of species separation. On the other hand the 

model examining the relationship between (G/R)t and the component value lagged two 

periods showed a positive relationship with Rt-2. Only the model examining all species 

showed a statistically significant (negative) result for Gt-2. As seen in the results using states 

as the cross sections lagged values of removals were greater in magnitude. 

When controlling time and observing only the effects of space, all models produced 

statistically significant Fstats. Analyzing all species, Rt-1 and Rt-2 showed a statistically 

significant, negative relationship with the (G/R)t. The lagged values (one and two periods) of 

softwood growth showed a negative, statistically significant relationship with (G/R)t, while 
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removals had no statistical significance. In both models examining only hardwoods, 

removals were negative and statistically significant; growth was positive and statistically 

significant. Again, the estimates of lagged values of removals were greater in magnitude than 

the estimates of lagged values of growth. 

Correlations showed a negative relationship between the (G/R) ratio of the current 

period and the lagged values of its components. OLS and fixed effects, this negative 

relationship was not as strong. Although in some instances removals were found to dominate 

the dynamics of the (G/R) ratio, the results from this analysis are not robust and thus not 

strong enough to determine if one component dominates the dynamics more than the other. It 

is important to note that R2s when controlling for variations in state or physiographic region 

(.36-.76) are higher than those when controlling for variations in time (.13-.35). This implies 

variations in space explain more of the overall (G/R) ratio than variations in time. 
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All species SW only HW only All species SW only HW only
All 

species
SW only HW only All species SW only HW only

Intercept 3.05 2.30 3.59 3.31 2.75 3.41 1.66 1.25 2.39 2.75 1.99 3.23

Removals t-1 -.0001 .0002 -.0009        -.0004* -.0005    .0060*** -.0004 .0004 -.0040          -.0030*** -.0002 -0.0160***

(.0003) (.0007) (.0009) (.0003) (.0008) (.0070) (.0008) (.0010) (.0030) (.0008) (.0010) (.0030)

Growth t-1 .0001 -.0001 .0002        -.0007*** -.0008     .0020*** .0003 .0001 .0003 .0006      -.0010*     .0060***

(.0003) (.0007) (.0008) (.0003) (.0007) (.0060) (.0008) (.0010) (.0020) (.0007) (.0010) (.0020)

Number of cross sections 51 50 50 51 50 50 29 29 29 29 29 29

Time series length 5 5 5 5 5 5 5 5 5 5 5 5

R
2 .61 .52 .68 .26 .14 .27 .66 .36 .68 .32 .21 .29

F-test for FE   3.15***    2.83***    4.34***          2.67***    2.01**    1.69***  3.72*** 1.16   4.50***           2.57***      3.15***     2.45***

By time (for physiographic region and 
state)

Standard errors in parentheses. 
*** indicates significance at 5%; ** at 10% and * at 20%.

By state and survey unit By time (for state and survey units) By physiographic region and state

Table 14. Growth and removals decomposition: Fixed effects estimates of the effect of last periods growth (Gt-1) and removals (Rt-1) on current period 
growth/removal ratio (G/R) for all species combined, softwoods only and hardwoods only, for four fixed effects models by state and survey unit (cross 
section held constant); by time (for state and survey unit held constant); by physiographic region; and by time (for physiographic region and state held 
constant) 
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All species SW only HW only All species SW only HW only
All 

species
SW only HW only All species SW only HW only

Intercept 2.49 1.16 2.57 3.29 2.63 3.59 1.81 1.2 1.88 2.84 1.91 3.52

Removals  t‐2    .0007* .001     .0020*** -.0004 -.0006    -.0060***    .0019***       .002***     .0070***          -.0020*** .0001 -0.0160***

(.0004) (.001 ) (.001 ) (.0004) (.0009) (.0090) (.0009) (.0010) (.0040) (.0009) (.0010) (.0030)

Growth t‐2    -.0005* -.0003 -.001        -.0007*** -.0006     .0020*** -0.0015*** -.0009 -.003 -.0001   -.0010* .0050***

(.0004) (.001 ) (.001 ) (.0003) (.0008) (.0010) (.0007) (.0010) (.0030) (.0008) (.0010) (.0020)

Number of cross sections 51 50 50 51 50 50 29 29 29 29 29 29

Time series length 4 4 4 4 4 4 4 4 4 4 4 4

R2 .59 .55 .71 .25 .13 .24 .76 .45 .75 .35 .27 .27

F-test for FE    2.20***    2.29***    4.24***         4.87***    2.12**     6.21***  4.91*** 1.17      5.66***           5.98***      4.50***     6.33***

By time (for physiographic region and 
state)

Standard errors in parentheses. 
*** indicates significance at 5%; ** at 10% and * at 20%.

By state and survey unit By time (for state and survey units) By physiographic region and state

Table 15. Growth and removals decomposition: Fixed effects estimates of the effect of two periods ago growth (Gt-2) and removals (Rt-2) on current period 
growth/removal ratio (G/R) for all species combined, softwoods only and hardwoods only, for four fixed effects models by state and survey unit (cross 
section held constant); by time (for state and survey unit held constant); by physiographic region; and by time (for physiographic region and state held 
constant) 
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CHAPTER 5: CONCLUSION 
 

In trying to understand the (G/R) ratio dynamics, the relationship between the (G/R) 

ratio over time was analyzed. Results from correlation and OLS analysis suggest the (G/R) 

ratio has a positive relationship with itself over time. However in OLS, the effects of 

variations across space or time can influence the results. In order to observe the effects over 

time, the variations across space have to be fixed. This was done using fixed effects analysis. 

There are three major conclusions that can be drawn from this empirical analysis. First, in the 

short run, there is some evidence of a positive relationship between the (G/R) ratio and itself 

over time: a high (G/R) ratio in the past can indicate a high (G/R) ratio in the near future; in 

the long run, there is an inverse relationship over time: a high (G/R) ratio in the past, can 

indicate a lower (G/R) ratio in the future. Second, when examining the relationship between 

the (G/R) ratio and itself over space, there is some evidence of a positive relationship: states 

or physiographic regions with a high (G/R) ratio today will likely have a high (G/R) ratio in 

the future. Third, variations in space explain more of the overall (G/R) ratio than variations in 

time. 

However when correcting for possible inconsistencies in the estimates from the fixed 

effects modeling using GMM, only the conclusion drawn about the relationship over time in 

the short run was confirmed. It is possible that due to a very limited time series, the long run 

conclusion could not be confirmed with available data, and alternative tests may be needed. 

Conversely, when examining the relationship the (G/R) ratio has with its components 

over time, the empirical results are not robust enough to draw a conclusion. Neither growth 

nor drain dominates the dynamics of the (G/R) ratio. Correlation and OLS analysis indicate a 
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negative relationship, but from the results no one component can be drawn out as the driver. 

In addition, there are no consistent results when using fixed effects analysis. 

Data in this study is limited due to periodic surveys. As more data become available, 

future work should include this data to deem if the results in this analysis hold true. In 

addition, as the (G/R) ratio in the South is rarely below one, future work should include 

regions where the (G/R) ratio is not as stable. This analysis could also be conducted for 

different management types to determine if differences in ownership have any bearing on 

growth and removals dynamics overall. Also, stronger statistical analyses such as spectral 

analysis or Fourier regression could be applied to determine if cyclical relationships exist. 

This analysis is just one of many steps in understanding the (G/R) ratio and 

forecasting forest resource sustainability. Although this analysis does provide some evidence 

for the use of the (G/R) ratio as a forecasting tool, it is important to bear in mind the (G/R) 

ratio is just one of many measures of forest productivity. In order to more accurately forecast 

sustainability of forest resources, it may be necessary to include other measures of forest 

productivity, such as age class distribution and land use change, in future models.  

Since the concept of sustainability has entered the world’s stage, society has struggled 

to define and measure it. Although the denotation of sustainability may seem clear, the lens 

used to view sustainability (economic, social, or biologic) can result in various connotations. 

Even within the field of forest resource management, there is no one succinct definition; 

although there is one measurement that is often used: the (G/R) ratio. 

However just as with the broad term of sustainability, there are different lens through 

which the (G/R) ratio can be viewed: over time, over geographic regions, over physiographic 



 

53 

regions, over nations. As this analysis has shown, the lens used to examine this relationship 

can result in different conclusions. It is therefore important to be aware of the lens being 

used, not just in defining, but also forecasting sustainability. 
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Appendix A-1: Growth and Removals by State
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Appendix A-2: Growth to Removals Ratio by State 
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Appendix B: Physiographic Regions 

 

 

  

State_CD Unit

1 1
1 2
1 3
12 1
12 2
12 3
12 4
13 1
13 2
22 3
22 4
28 4
37 1
37 2
45 1
45 2
48 1
51 1
5 1
5 2
22 1
22 2
28 1

1 6
5 5
13 5
37 4
40 2
47 1
47 2
47 3
47 4
47 5
51 4
51 5
1 4
1 5
5 3
5 4
13 3
13 4
22 5
28 2
28 3
28 5
37 3
40 1
45 3
48 2
51 2
51 3

Coastal Plain

Delta

Mountain

Piedmont

State_CD

Alabama 1
Arkansas 5
Florida 12
Georgia 13
Louisiana 22
Mississippi 28
North Carolina 37
Oklahoma 40
South Carolina 45
Tennessee 47
Texas 48
Virginia 51
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Appendix C: Correlation Results  
 
Correlation between the growth to removals ratio of the current period (G/R)t and its lagged 
values and the lagged values of it components for all species 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(G/R)t-1 (G/R)t-2 Rt-1 Rt-2 Gt-1 Gt-2

Alabama 0.54*** 0.37** -0.48*** -0.30* -0.36*** -0.30*
Arkansas 0.54*** 0.54*** -0.55*** -0.55*** -0.52*** -0.51***
Florida 0.51*** ns -0.52*** -0.44* -0.58*** -0.53**
Georgia 0.41*** ns -0.45*** ns -0.38** -0.44***
Kentucky ns ns ns ns -0.50** -0.94***
Louisiana 0.38* ns -0.40* -0.44* ns -0.49*
Mississippi ns ns ns ns -0.45** ns
N.Carolina 0.79*** 0.38* -0.68*** -0.56*** ns -0.58***
Oklahoma ns ns -0.79** -0.99*** -0.89*** -0.81*
S. Carolina ns -0.57*** ns 0.45** ns ns
Tennessee 0.46*** 0.35* -0.38** ns ns ns
Texas 0.64** ns -0.61** ns -0.55* -0.65*
Virginia 0.38** ns -0.56*** -0.52*** -0.60*** -0.58***

Coastal Plain 0.61*** 0.39*** -0.41*** -0.32*** -0.43*** -0.40***
Delta ns ns -0.35* ns ns -0.48*
Mountain 0.18* 0.20* -0.24*** ns ns -0.21*
Piedmont 0.24*** ns -0.37*** -0.24** -0.31*** -0.38***

Note:*** indicates significance at the 5% level, ** 10%,*20, ns 
notes the result was not significant
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Correlation between the growth to removals ratio of the current period (G/R)t and its lagged 
values and the lagged values of it components for softwoods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(G/R)t-1 (G/R)t-2 Rt-1 Rt-2 Gt-1 Gt-2

Alabama ns ns ns ns ns ns
Arkansas 0.79*** 0.88*** -0.40** -0.41* -0.45*** -0.43**
Florida 0.54*** ns -0.51*** -0.43* -0.57*** -0.52**
Georgia 0.29* -0.64*** ns 0.36* ns ns
Kentucky ns ns ns ns -0.44* ns
Louisiana ns ns ns -0.56** ns -0.55**
Mississippi ns -0.49* ns ns ns ns
N.Carolina 0.40** ns -0.47*** -0.41* -0.44*** -0.51***
Oklahoma ns ns ns ns ns ns
S. Carolina ns -0.40* ns 0.35* ns ns
Tennessee 0.38** 0.69*** -0.45*** -0.38* ns -0.48**
Texas ns ns ns ns ns ns
Virginia ns ns -0.30** ns -0.34** ns

Coastal Plain 0.62*** 0.47*** -0.37*** -0.28*** -0.36*** -0.34***
Delta 0.41* ns -0.36* -0.64*** ns -0.57***
Mountain ns 0.36*** -0.38*** -0.35*** -0.33*** -0.39***
Piedmont ns -0.27*** -0.16* ns -0.19* -0.31***

Note:*** indicates significance at the 5% level, ** 10%,*20, ns 
notes the result was not significant
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Correlation between the growth to removals ratio of the current period (G/R)t and its lagged 
values and the lagged values of it components for  hardwoods 

 
  
 
 

(G/R)t-1 (G/R)t-2 Rt-1 Rt-2 Gt-1 Gt-2

Alabama 0.69*** 0.62*** -0.57*** -0.50*** ns ns
Arkansas 0.50*** 0.51*** -0.56*** -0.59*** ns ns
Florida 0.68*** -0.69* ns -0.51** -0.57**
Georgia 0.68*** 0.57*** -0.48*** -0.30* ns ns
Kentucky ns ns ns ns -0.48** -0.90***
Louisiana ns ns -0.48** ns -0.44** -0.55**
Mississippi ns ns -0.39** -0.44** -0.47** 0.45*
N.Carolina 0.82*** 0.49** -0.52*** -0.39* 0.56*** ns
Oklahoma 0.89*** 0.81* -0.77** -0.99*** -0.83*** ns
S. Carolina ns -0.36* ns ns ns -0.36*
Tennessee 0.82*** 0.86*** -0.56*** -0.65*** ns ns
Texas 0.94*** 0.78** -0.72*** -0.74** ns ns
Virginia 0.29* ns -0.54*** -0.50*** -0.56*** -0.42**

Coastal Plain 0.72*** ns -0.46*** -0.35*** -0.33*** -0.34***
Delta ns ns ns ns ns -0.46*
Mountain 0.53*** 0.25** -0.29*** -0.20* ns ns
Piedmont .40*** 0.19* -0.36*** ns ns ns

Note:*** indicates significance at the 5% level, ** 10%,*20, ns 
notes the result was not significant


