
ABSTRACT 

JEUCK, JAMES A.  Meta-Analysis of Land Use / Land Cover Change Factors in the 

Conterminous US and Prediction of Potential Working Timberlands in the US South from 

FIA Inventory Plots and NLCD Cover Maps. (Under the direction of Dr. Frederick Cubbage 

and Dr. Robert Abt). 

 

This dissertation consists of research projects related to forest land use / land cover 

(LULC): (1) factors predicting LULC change and (2) methodology to predict particular forest 

use, or ñpotential working timberlandò (PWT), from current forms of land data.  The first 

project resulted in a published paper, a meta-analysis of 64 econometric models from 47 

studies predicting forest land use changes.  The response variables, representing some form 

of forest land change, were organized into four groups:  forest conversion to agriculture 

(F2A), forestland to development (F2D), forestland to non-forested (F2NF) and undeveloped 

(including forestland) to developed (U2D) land. Over 250 independent econometric variables 

were identified, from 21 F2A models, 21 F2D models, 12 F2NF models, and 10 U2D 

models. These variables were organized into a hierarchy of 119 independent variable groups, 

15 categories, and 4 econometric drivers suitable for conducting simple vote count statistics. 

Vote counts were summarized at the independent variable group level and formed into ratios 

estimating the predictive success of each variable group.  

 

Two ratio estimates were developed based on (1) proportion of times independent 

variables successfully achieved statistical significance (p <= 0.10), and (2) proportion of 

times independent variables successfully met the original researchersôexpectations. In F2D 

models, popular independent variables such as population, income, and urban proximity 

often achieved statistical significance.  In F2A models, popular independent variables such as 

forest and agricultural rents and costs, governmental programs, and site quality often 



achieved statistical significance. In U2D models, successful independent variables included 

urban rents and costs, zoning issues concerning forestland loss, site quality, urban proximity, 

population, and income.  F2NF models high success variables were found to be agricultural 

rents, site quality, population, and income.  This meta-analysis provides insight into the 

general success of econometric independent variables for future forest use or cover change 

research. 

 

The second part of this dissertation developed a method for predicting area 

estimates and spatial distribution of PWT in the US South.  This technique determined land 

use from USFS Forest Inventory and Analysis (FIA) and land cover from the National Land 

Cover Database (NLCD).  Three dependent variable forms (DV Forms) were derived from 

the FIA data: DV Form 1, timberland, other; DV Form 2, short timberland, tall timberland, 

agriculture, other; and DV Form 3, short hardwood (HW) timberland, tall HW timberland, 

short softwood (SW) timberland, tall SW timberland, agriculture, other.   

 

The prediction accuracy of each DV Form was investigated using both random 

forest model and logistic regression model specifications and data optimization techniques.  

Model verification employing a ñleave-group-outò Monte Carlo simulation determined the 

selection of a stratified version of the random forest model using one-year NLCD 

observations with an overall accuracy of 0.53ï0.94.  The lower accuracy side of the range 

was when predictions were made from an aggregated NLCD land cover class ñgrass_shrubò.   

 



The selected model specification was run using 2011 NLCD and the other 

predictor variables to produce three levels of timberland prediction and probability maps for 

the US South.  Spatial masks removed areas unlikely to be working forests (protected and 

urbanized lands) resulting in PWT maps.  The area of the resulting maps compared well with 

USFS area estimates and masked PWT maps and had an 8ï11% reduction of the USFS 

timberland estimate for the US South compared to the DV Form.  Change analysis of the 

2011 NLCD to PWT showed (1) the majority of the short timberland came from NLCD 

grass_shrub; (2) the majority of NLCD grass_shrub predicted into tall timberland, and (3) 

NLCD grass_shrub was more strongly associated with timberland in the Coastal Plain.  

Resulting map products provide practical analytical tools for those interested in studying the 

area and distribution of PWT in the US South.  
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Introduction  

 

 

ñIf the world gets any smaller, Iôll end up living next door to myselfò (Robbins 1984). 

 

 

The above quote by novelist Tom Robbins is often how many in the natural resources 

field feel about the constant competition for our finite resources.  The pressures of multiple 

land uses and new wood product demands (i.e., wood pellets) competing against traditional 

demands, indeed, make the ñneighborhoodò seem a lot smaller.  US timberland is going 

through a tremendous change in private ownership patterns.  Corporate land ownership has 

reached unprecedented heights and non-corporate private timberland is caught in an ever-

increasing trend of parcelization through generational transfer or land sales from 

development pressures.  Urban development and growth affects area use of timberlands and 

places a different set of values on forests.  This shifting can reduce regional fiber supply, 

forcing regional wood markets to move or close.  A gap in local markets leads to lessened 

regional demand and reduces the financial incentive to practice sound forest management, 

perpetuating the problem.  The above is an example of one type of ñvicious cycleò leading to 

the reduction of working timberlands that occurs, to some extent, throughout the United 

States. 

 

A more widespread and higher level of acknowledgement of the importance that 

working timberlands have on local, state, and regional economies is absolutely necessary to 

stop this cycle.  Long-term regional planning efforts need to include the value of well-

managed working timberland as part of the regional assets that support important ecosystems 

and wildlife habitats, along with critical resources for sustainable economies.  Many public 

and private organizations are working collaboratively to identify and propose strategies 

designed to mitigate the drivers and factors that change working forests and farmlands.  

Three examples of numerous government partnerships and grassroots projects include the 
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United States Geologic Survey Gap Analysis Program (USGS GAP), the South Atlantic 

Landscape Conservation Cooperative, and the Sentinel Landscapes Partnership.  USGS GAP 

(2014) is a national collaborative effort between federal and state agencies and non-

government organizations to identify species and habitats inadequately represented in 

existing conservation lands in order to reduce degradation of habitats for common species.  

One product from this effort is the Protected Areas Database (PAD), a vector database that 

includes federal, state, and privately protected lands that are useful information for regional 

planning.   

 

The South Atlantic Landscape Conservation Cooperative is a multi-state effort in the 

US Southeastern states as part of a broader Landscape Conservation Cooperative with 22 

partner cooperatives across North America and the US Pacific and Caribbean islands.  Their 

focus is to ñfoster shared conservation action among multiple public and private agencies and 

organizationsò (South Atlantic LCC, 2015) through the development of a conservation 

blueprint addressing future changes in growth and its reshaping of the landscape.  Tools 

produced include the Conservation Blueprint Atlas that can be used for information 

gathering, planning, and policy development. 

 

The Sentinel Landscapes Partnership is a national program of the US Department of 

Agriculture, Defense, and Interior aimed at protecting the working and rural character of key 

landscapes, that strengthens the economies of farms and forests, conserves habitat and natural 

resources, and protects vital training and testing missions conducted on military installations 

that anchor such landscapes. The program operates at the state and local levels in which 

partnerships are formed between military services, public agencies, and non-government 

organizations.  The Partnership coordinates mutually beneficial programs and strategies to 

preserve, enhance, or protect habitats and working lands near military installations; reduce, 

prevent or eliminate restrictions that inhibit military testing and training; and prevent 

incompatible development near military facilities.  
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These three examples, although at different scales, are representative of many such 

collaborative approaches that bring many players to the table with the goal of making sound 

long-term decisions to balance peopleôs wellbeing with the health of the natural environment.  

I work within this environment of collaboration and wanted my dissertation to provide some 

tools that may be useful to these efforts.   

 

 

Purpose of Dissertation 

 

 

As a professional advancing forestry outreach, education, and policy building, I have 

always had an interest in the issue of land use change.  I wanted a better understanding of 

what drives it and to be able to provide some useful additions to the body of literature on this 

subject.  That led to the first part of this dissertation, a meta-analysis of land use change 

models (Chapter 2).  Its purpose was to find the most important factors driving land use, 

particularly forest land use change.  The results of the study carefully catalog, at different 

levels of hierarchy, the drivers, factors, and individual model variables associated with 

various forms of forestland change and their associated studies.  This is an excellent starting 

reference for anyone interested in modeling forest change factors from local to multi-state 

scales as it provides the most successful factors, where they were used and by whom, and 

details of the data description and acquisition. 

 

I also have a great interest in spatial technologies and wanted to employ my talents in 

a project that might result in a useful mapping product regarding some aspect of land use / 

land cover.  Professionally, I have performed many spatial analyses projects, mostly in the 

North Carolina region of the US South, using the National Land Cover Database for making 

estimates of regional forested areas.  I had become aware of a number of issues with NLCD 

that affect the accuracy of land cover estimates, among them that NLCD forest cover is 
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simply that-forest cover.  It does not include forest uses such as forests preserved for 

environmental and ecological purposes, working timberlands, or areas in urban landscapes 

that will most likely be developed or converted to greenspace.  With this data set, it was not 

possible to view or extract the spatial distribution of land areas either currently, or with the 

potential to be, working timberlands.   

 

Another issue with the NLCD is its inclusion of working timberlands in non-forest 

land cover types.  The NLCD grass/herbaceous and shrub/scrub cover types may include 

recently harvested timberlands.  A relative small (<10%) proportion of these lands exist in 

the US South, but they may be among the best indicators of working timberlands.  For an 

accurate regional assessment, it is vital to determine how much of those cover types are in 

fact timberlands.  Spatial distribution of these ñactiveò areas across the landscape can 

definitely aid in market development, outreach, and other efforts.  This would be an 

important layer of information used by the local and regional planning groups described 

above.   

 

The second part of this dissertation (Chapter 3) was a first attempt at the development 

of three US South regional map products that identify locations of potential working 

timberland (PWT), predicted from NLCD land cover and other predictor variables.  This was 

performed using a random forest model that predicted the classification of timberlands with a 

higher likelihood to become or continue as working timberlands in 13 southern states.  The 

response variables used were United States Forest Serviceôs Forest Inventory and Analysis 

(USFS FIA) plot observations of land use in the South.  This project marked the first time 

FIA data and NLCD were used together to predict potential working timberland using a 

random forest model.  Other predictor variables, many deduced from the results of Chapter 2, 

are econometric or physiographic in nature.  The PWT categories include all timberland, 

PWT short and tall timberland, and PWT short and tall hardwood and softwood timberland; 
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these can be live-streamed onto any desktop using ArcGIS for use in calculation of regional 

PWT areas and to analyze spatial patterns.   

 

It is my hope that these tools are useful for research or practical application in area 

assessment for policy or market development of our ever-shrinking world. 
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CHAPTER 2 

Assessing Independent Variables Used in Econometric Modeling Forest Land Use or 

Land Cover Change: A Meta-Analysis 

 

James A. Jeuck, Frederick W. Cubbage,  Robert C. Abt , Robert E. Bardon, James B. McCarter, John 

W. Coulston and Mitch A. Renkow 

 

Forests 2014 

 

Please note:  This document may be found online at: http://www.mdpi.com/1999-

4907/5/7/1532.  The full set of supplemental tables may be downloaded from there.  The 

supplemental tables are also provided in Appendix 1 of this dissertation. 
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