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DISCLAIMER 
 

This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof.  The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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ABSTRACT 
 

The overall purpose of this project is to evaluate the biological and economic feasibility of 
restoring high-quality forests on mined land, and to measure carbon sequestration and wood 
production benefits that would be achieved from forest restoration procedures.  In this quarterly 
report, we present a preliminary comparison of the carbon sequestration potential of  forests 
growing on 14 mined sites in a seven-state region in the Midwestern and Eastern Coalfields. 
Carbon contents of these forests were compared to adjacent forests on non-mined land. The 
study was installed as a  3 x 3 factorial in a random complete block design with three replications 
at each location.  The treatments include three forest types (white pine, hybrid poplar, mixed 
hardwood) and three silvicultural regimes (competition control, competition control plus tillage, 
competition control plus tillage plus fertilization).  Each individual treatment plot is 0.5 acres.  
Each block of nine plots requires 4.5 acres, and the complete installation at each site requires 
13.5 acres.  The plots at all three locations have been installed and the plot corners marked with 
PVC stakes.  GPS coordinates of each plot have been collected.  Soil samples were collected 
from each plot to characterize the sites prior to treatment.  Analysis of soil samples was 
completed and these data are being used to prepare fertilizer prescriptions.  Fertilizer prescripts 
will be developed for each site.  Fertilizer will be applied during the second quarter 2004.  Data 
are included as appendices in this report.  As part of our economic analysis of mined land 
reforestation, we focused on the implications of a shift in reforestation burden from the 
landowner to the mine operator.  Results suggest that the reforestation of mined lands as part of 
the mining operation creates a viable and profitable forest enterprise for landowners with greater 
potential for carbon sequestration. 

 



 4  

TABLE OF CONTENTS 
Title Page .....................................................................................................1 

Disclaimer ....................................................................................................2 

Abstract ........................................................................................................3 

List of Graphical Materials ..........................................................................4  

Introduction..................................................................................................5 

Executive Summary .....................................................................................6 

Task 1 Report...............................................................................................8 

Task 2 Report.............................................................................................20 

Task 3 Report.............................................................................................21 

Task 4 Report.............................................................................................25 

Task 5 Report.............................................................................................31 

Project Timetable .......................................................................................32 

 
LIST OF GRAPHICAL MATERIALS 

Figure 1. Total carbon captured in forest ecosystem components (tree, litter layer, soil) of 14 
forested mined sites (pine and hardwood forests) and corresponding natural non-mined 
reference sites (carbon values for the non-mined sites were projected to the age of the 
mined sites) located in the Midwestern and Appalachian Coalfields of the U.S. ........10 

Table 1. Carbon sequestered by ecosystem component of even-aged stands on eight   non-
mined (natural) and 14 mined sites in the Midwestern and Appalachian Coalfields....11 

Figure 2. Average total ecosystem carbon sequestered on eight non-mined reference sites (left) 
and 14 mined sites (right) located in the Midwestern and Appalachian coalfields of  
the U.S. .........................................................................................................................12 

Figure 3. Multivariate regression models for total forest ecosystem carbon storage based on 
average site data for forested non-mined (darker surface) and forested mined sites 
(lighter surface) located in the Midwestern and Appalachian Coalfields of the U.S. ...15 

Figure 4. Average total ecosystem carbon sequestered on 14 mined sites located in the 
Midwestern and Appalachian coalfields of the U.S.  The figure depicts a carbon 
storage response surface generated by using a multivariate regression model, with    
site index and stand age as independent variables ........................................................16 

Figure 5. Map of field sites in Lawrence County, Ohio ...............................................................22 
Figure 6. Map of field sites in Nicholas County, West Virginia ..................................................23 
Figure 7. Map of field sites in Wise County, Virginia .................................................................24 
Table 2. Comparison of mixed hardwood LEV ranges for scenarios where landowner pays 

reforestation costs vs. where coal company pays reforestation costs............................28 
Table 3. Comparison of white pine LEV ranges for scenarios where landowner pays 

reforestation costs vs. where coal company pays reforestation costs............................29 



 5  

INTRODUCTION 
Public Law 95-87 mandates that mined land be reclaimed in a fashion that renders the land 

at least as productive after mining as it was before (Torbert et al. 1995).  Research has shown 
that restored forests on mined lands can be equally as or more productive than the native forests 
removed by mining (Burger and Zipper 2002).  Given that most land surface-mined for coal in 
the Appalachians was originally forested, forestry is a logical land use for most of the reclaimed 
mined land in the region (Torbert and Burger 1990).  However, since implementation of the 
SMCRA, fewer forests are being restored in the eastern and Midwestern coalfield regions 
(Burger et al. 1998).  In several states, most notably Virginia, the majority of mined land is now 
being restored to forests. Over eighty percent of Virginia’s mined land has been reclaimed to 
forested post-mining land uses since 1991.  However, region-wide, the majority of mined land 
that was originally forested is not being reclaimed in a way that favors tree establishment, timber 
production, carbon sequestration, and long-term forest productivity (Torbert and Burger 1990). 

We believe that these reclaimed mined lands are producing timber and sequestering carbon 
at rates far below their potential for reasons that include poor mine soil quality, inadequate 
stocking of trees, lack of reforestation incentives, and regulatory disincentives for planting trees 
on previously forested land (Boyce 1999, Burger and Maxey 1998).  A number of these 
problems can be ameliorated simply through intensive silvicultural management.  Through 
established site preparation techniques such as ripping, weed control, fertilizing, and liming, the 
quality of a given site can be improved.  Other management and silvicultural techniques such as 
site-species matching, correct planting techniques, employing optimal planting densities, post-
planting weed control, and thinning can also improve normal development of forest stands, and 
improve timber production and carbon sequestration.                               

Similar to the much-debated topic of converting agricultural land to forests, the conversion 
of reclaimed mined lands to forests carries with it many economic implications.  The primary 
difference between converting agricultural lands to forests and converting reclaimed mined lands 
to forests is the absence of any obvious extrinsic opportunity cost in the latter scenario; this, of 
course, assumes that the reclaimed mined land has been abandoned and is not being utilized for 
any economically beneficial purpose. 

A fair amount of research has been conducted regarding the amounts and values of timber 
produced on reclaimed mined lands.  The effect that a carbon market may have on decisions 
pertaining to the reclamation of mined lands has also been researched.  According to previous 
research, it appears that mined lands are capable of sequestering carbon and producing harvest 
volumes of equal or greater magnitude to similar non-mined lands.  This fact alone, however, 
does not render afforestation of mined lands economically profitable or feasible in all cases.  
There appears at this stage to be a lack of research pertaining specifically to the conversion of 
reclaimed mined lands from their current uses to forests and the economic implications of such a 
land use conversion.  Furthermore, the potential for an incentive scheme aimed at promoting the 
conversion of reclaimed mined lands to forests has yet to be explored in depth. 

This study ultimately addresses the potential for increasing carbon sequestration on surface-
mined land.  The overall research objective of this study is to determine the economic feasibility of 
carbon sequestration through converting reclaimed mined lands to forests using high-value tree 
species, and to demonstrate the economic and decision-making implications of an incentive 
scheme on such a land use conversion.  
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EXECUTIVE SUMMARY 
The overall purpose of this project is to evaluate the biological and economic feasibility of 

restoring high-quality forests on mined land, and to measure carbon sequestration and wood 
production benefits that would be achieved from forest restoration procedures.   

In the previous quarter, we refined carbon sequestration estimates as a function of species-
specific biomass based on new algorithms.  During this quarter, we used the carbon sequestration 
models generated in this study and showed that the natural forest stands that were growing well 
on medium- to highly-productive forest sites (SI greater than 50 ft) produced more tree biomass 
and sequestered more carbon than mined sites across the same spectrum of stand age (15 to 60 
years).  This work was based on 14 forests growing on mined land and eight forests growing on 
undisturbed land.  These forest stands were located in a seven-state area of the Midwestern and 
Eastern Coalfields.  The amount of carbon captured across mined sites was largely a function of 
forest stand age and forest and site productivity, quantitatively expressed as site index (SI) of 
white oak at base age 50 years.  Ecosystem carbon prediction models on natural and mined sites 
were generated for a wide spectrum of SI and age, including carbon sequestered in tree biomass, 
litter layer, and soil.  The natural sites’ multivariate regression model (P = 0.002) explained 
about 68% of the total variation among natural sites and the mined site model (P = 0.064) 
explained 28% of the total variation in measured carbon among mined sites.  This study showed 
that current reclamation procedures and techniques restore carbon sequestration potential on low- 
quality sites, but carbon sequestration potential is degraded on medium- to high-quality sites. 
Better reclamation techniques might increase the potential of forests and forest soil systems to 
sequester carbon at pre-mining levels for the entire spectrum of SI and stand age. These results 
were presented recently at the 2004 National Meeting of the American Society of Mining and 
Reclamation and The 25th West Virginia Surface Mine Drainage Task Force, April 18-24, 2004. 

At three mined land reforestation experimental areas in Ohio, West Virginia, and Virginia, 
we completed plot preparation by constructing deer-proof fencing and overseeing ripping (site 
preparation) and planting of the tree seedlings in each study site.  Post-planting herbicides were 
applied to control competing vegetation.  Lab analyses of soil materials taken from the 
experimental plots were completed using the same materials and methods as described in the 
previous report.  

An economic analysis was conducted to evaluate the effect of reforestation costs on 
reforestation success and the potential for sequestering carbon.  Public Law 95-87, the Surface 
Mining Control and Reclamation Act of 1977 (SMCRA), mandates that mined land be reclaimed 
to its pre-mining use, and in a fashion that renders the land at least as productive after mining as 
it was before mining.  According to SMCRA requirements, mine operators are responsible for 
reclaiming mined land.  Until recently, mine operators commonly reclaimed previously forested 
land to hayland/pasture or wildlife habitat.  This left the landowner with the option or necessity 
of converting these reclaimed mined lands to forests at a later stage, in order to make them 
economically viable.  Such a land-use conversion, however, comes at a substantial cost to the 
landowner, which makes the financial feasibility of such a conversion a questionable issue.  The 
economic implications of this shift in reforestation burden from the landowner to the mine 
operator are critical for reforestation success.  Results suggest that the reforestation of mined 
lands as part of the mining operation creates a viable and profitable forest enterprise for 
landowners and the likelihood of significant carbon sequestration is high.  On the other hand, if 
the landowner must bear the cost of reforestation, only the highest quality sites growing conifer 
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forests would be profitable.  These results were also presented at the 2004 National Meeting of 
the American Society of Mining and Reclamation and The 25th West Virginia Surface Mine 
Drainage Task Force, April 18-24, 2004. 
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TASK 1: Estimate forest productivity and carbon sequestration potential on mined lands 
supporting abandoned grasslands. (Burger et al.) 

Executive Summary 
In the previous quarterly report, we refined carbon sequestration estimates as a function of 

species-specific biomass based on new algorithms.  During this quarter we used the carbon 
sequestration models generated in this study and showed that the natural forest stands that were 
growing well on medium- to highly-productive forest sites (SI greater than 50 ft) produced more 
tree biomass and sequestered more carbon than mined sites across the same spectrum of stand 
age (15 to 60 years).  This work was based on 14 forests growing on mined land and eight forests 
growing on undisturbed land.  These forest stands were located in a seven-state area of the 
Midwestern and Eastern Coalfields.  The amount of carbon captured across mined sites was 
largely a function of forest stand age and forest and site productivity, quantitatively expressed as 
site index (SI) of white oak at base age 50 years.  Ecosystem carbon prediction models on natural 
and mined sites were generated for a wide spectrum of SI and age, including carbon sequestered 
in tree biomass, litter layer, and soil.  The natural sites’ multivariate regression model (P = 0.002) 
explained about 68% of the total variation among natural sites and the mined sites’ model         
(P = 0.064) explained 28% of the total variation in measured carbon among mined sites.  This 
study showed that current reclamation procedures and techniques restore carbon sequestration 
potential on low quality sites, but carbon sequestration potential is degraded on medium to high 
quality sites. Better reclamation techniques might increase the potential of forests and forest soil 
systems to sequester carbon at pre-mining levels for the entire spectrum of SI and stand age.   

 

Experimental 
Carbon captured in tree biomass, including biomass in the above-ground and coarse-root 

components, was estimated on each site by randomly choosing measurement points at four of the 
20 x 20-m grid intersections.  Trees in the main canopy greater than 13.0 cm in diameter at breast 
height (dbh) were tallied within a 404 m2 circular plot.     

Site index of each tree species on all sites was standardized to the site index of a single 
species, white oak at base age 50 years (Doolittle, 1958).  Similar to the site index conversion 
procedure used by Rodrigue (2001), we used site index tables and graphs that were most suitable 
for each site’s location (Wenger, 1984). 

We estimated above-ground and coarse-root biomass (kg dry weight) from species-specific 
tree diameter data for each tree tallied.  These estimates were based on regression equations from 
the most recent literature (Jenkins et al., 2003).  The above-ground and coarse-root weights were 
summed to produce an estimate of the total tree biomass in dry weight units.  Total forest 
biomass included stem wood, stem bark, foliage, treetops, branches, stumps, and coarse roots.  
Total forest biomass was converted to kilograms of carbon with a conversion factor for different 
regional species groups (Birdsey, 1992).  Carbon in ground layer woody or herbaceous biomass 
was not included because carbon estimates could not be generated for this portion of the forest 
community.  However, carbon contained in these understory components is often ignored in 
biomass estimates because it only amounts to 1 to 2% of the above-ground carbon content 
(Birdsey, 1992; Bormann and Likens, 1979).   
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A soil pit was dug to a depth of 1.5 m at the four plot centers on each site to develop 
estimates of soil carbon.  Pits were described using standard soil survey techniques to obtain total 
depth, horizon depth, and percent coarse fragments greater than 7.6 cm.  Loose samples and 
duplicate bulk density samples were collected from each horizon.  Soil samples were air-dried, 
sieved (2 mm), and weighed to determine coarse fragments (< 7.6 cm).  All soil carbon 
determination procedures were performed on the sieved 2-mm fraction.  Soil properties were 
analyzed on samples from all horizons found in the profiles.  Bulk density, corrected for coarse 
fragment content, was determined using soil cores.  Organic carbon was determined by the 
Walkley-Black wet oxidation procedure (Nelson and Sommers, 1982).  This procedure is used to 
better discriminate between recently plant-derived pedogenic carbon and geologically-derived 
geogenic carbon in coal.  Litter layer estimates were generated from four 0.25-m2 random 
samples at each measurement plot and bulked to form a 1-m2 sample.  Bulked samples were 
dried, ground, and total carbon was determined with a LECO carbon analyzer.  Litter layer 
estimates were corrected for ash and the mineral material that the samples contained.  Total 
forest carbon, litter layer carbon, and soil organic carbon in kilograms per hectare were 
converted to metric tons per hectare (Mg ha-1).  Results from regression analyses termed 
significant in this paper have a confidence level of α = 0.1.   

 
Results and Discussion 

In all cases, the carbon distribution among tree, litter, and soil components was more 
variable on mined sites.  The lower variation within the natural sites reflects the uniformity that 
develops in the tree community, litter layer, and soil during millennia of development, while 
mined site variation reflects a variety of site and stand conditions including age, tree species, 
mine soil construction, and site productivity.  The tree carbon of natural sites varied between 
57% and 66% of the total.  On mined sites the range was 42% to 71%, and it was 54% to 72% 
for pine and hardwood stands, respectively.  Litter layer carbon varied between 3% and 7% on 
natural sites, between 2% and 6% for hardwoods on mined sites, and between 4% and 16% for 
pines on mined sites.  Soil carbon on natural sites varied between 27% and 40% of the total; on 
mined sites the range was 24% to 40% for hardwood sites and 14% to 46% for pine sites.   

Tree Carbon 

Carbon sequestered in tree biomass is a function of stand age, soil quality, and site and 
forest quality.  The ratio of carbon on mined versus natural sites {(CMined_Sites/CNatural_Sites)*100} 
was used as a statistic for comparing mined site carbon sequestration potential of each forest 
ecosystem component with that of the natural sites.  We assumed that natural site carbon 
estimates depicted a logical reference for carbon capture on undisturbed forested sites.  Percent 
ratio greater than 100% means that mined sites sequestered carbon quantities that were greater 
than those on natural, non-minied, adjacent sites.   

The ratio for the tree component of pine stands ranged between 39% (VA-1) and 145% 
(KY-4), with an average ratio of 89% (Fig. 1).  The ratio for hardwoods ranged from 67% (IN-1) 
to 135% (OH-1), with an average of 95%.  On average, hardwoods had a slightly greater carbon 
sequestration potential than pines. 

Carbon recovery was greater than 100% for some hardwood (KY-2, OH-1, and OH-2) and 
pine (WV-2, KY-4, and KY-3) stands (Fig. 1).  Carbon recovery levels on these mined sites 
indicated that reclamation procedures created growth conditions similar to or better than those on 
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the adjacent non-mined sites.  Properly reclaimed mined sites appeared to ameliorate growth- 
limiting conditions such as soil fragipans (OH-1 and OH-2) and shallow depths to bedrock (KY-
2, KY-3, KY-4, and WV-2).  Mining operations and the proper reclamation of the sites in Ohio, 
West Virginia, and Kentucky created more productive sites by eliminating root-limiting 
conditions. 

 
Figure 1.  Total carbon captured in forest ecosystem components (tree, litter layer, soil) of 14 

forested mined sites (pine and hardwood forests) and corresponding natural, non-mined 
reference sites (carbon values for the non-mined sites were projected to the age of the 
mined sites) located in the Midwestern and Appalachian Coalfields of the U.S.  Study site 
locations are arranged on the horizontal axis in age-increasing order.  State 
abbreviations denote the location of each site. 

 

Carbon present within the developing tree biomass (stem wood, stem bark, foliage, 
treetops, branches, stumps, and coarse roots) on natural sites ranged from 97 to 156 Mg ha-1 
(Table 1).  Mined-site tree carbon ranged from 76 to 128 Mg ha-1 (hardwood) and ranged from 
43 to 139 Mg ha-1 (pine).  Carbon found in tree biomass was comparable to other natural forests 
in the East, though tree carbon pools vary from study to study depending on site productivity, 
site age, tree species, management impacts, and local topography and climate.  Little has been 
done to quantify the carbon pools associated with tree biomass of mature, planted forests on 
mined sites (Ashby et al., 1980; Burger et al., 2003).   
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Table 1.  Carbon sequestered by ecosystem component of even-aged stands on eight 
non-mined (natural) and 14 mined sites in the Midwestern and Appalachian 
Coalfields.  State abbreviations denote the location of each site.   

Site* Tree Carbon**
Litter Layer 

Carbon** Soil Carbon**
Total Carbon 
Sequestered 

 ------------------------- Mg ha-1 ------------------------- 
Natural Sites: 
IN-C (40) 113 (59) 5 (3) 74 (39) 192 
IL-C (43) 156 (58) 7 (3) 108 (40) 271 
KY-C (52) 102 (57) 11 (6) 66 (37) 179 
OH-C (59) 97 (61) 9 (6) 53 (33) 159 
WV-C2 (60) 137 (61) 8 (4) 81 (36) 226 
PA-C (62) 120 (66) 13 (7) 49 (27) 182 
WV-C1 (62) 132 (61) 10 (5) 73 (34) 215 
VA-C (72) 148 (65) 15 (7) 66 (29) 229 
Average: 126 (61) 10 (5) 71 (34) 207 

Mined Sites: 
Pine: 
VA-1 (20) 43 (42) 16 (16) 44 (43) 103 
WV-2 (31) 139 (67) 20 (10) 48 (23) 207 
KY-4 (33) 131 (68) 23 (12) 39 (20) 193 
WV-1 (38) 81 (70) 18 (16) 16 (14) 115 
KY-3 (40) 106 (63) 7 (4) 55 (33) 168 
PA-1 (40) 87 (71) 19 (15) 17 (14) 123 
IN-2 (50) 56 (44) 13 (10) 58 (46) 127 
Average: 92 (61) 17 (12) 40 (28) 148 
Hardwood: 
KY-1 (35) 76 (54) 8 (6) 57 (40) 141 
KY-2 (35) 93 (66) 4 (3) 44 (31) 141 
IL-2 (43) 122 (71) 8 (5) 42 (24) 172 
OH-1 (50) 125 (64) 4 (2) 67 (34) 196 
OH-2 (50) 114 (72) 5 (3) 39 (25) 158 
IL-1 (54) 128 (70) 7 (4) 48 (26) 183 
IN-1 (55) 80 (60) 21 (16) 32 (24) 133 
Average: 106 (65) 8 (5) 47 (29) 161 

*Numbers in parentheses indicate average stand age. 
**Numbers in parentheses indicate carbon distribution as a percent of the site total. 

 
Tree carbon averaged 126 Mg ha-1 for our natural sites and 106 Mg ha-1 and 92 Mg ha-1 for 

mined site hardwood and pine stands, respectively.  Carbon associated with tree biomass of 
hardwood forests in Indiana were measured by Kaczmarek et al. (1995).  Our estimates for both 
natural and mined hardwood sites in Indiana and western Kentucky are well within the range of 
their carbon estimates, which were between 61 and 117 Mg ha-1.   
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Richter et al. (1995) found 140.6 Mg ha-1 carbon in the tree biomass of a 35-year-old 
loblolly pine site in South Carolina.  Within our study, sites KY-3 and KY-4 both contained 
loblolly pine.  They had 106 and 131 Mg ha-1 of carbon in total woody plant biomass at ages 40 
and 33, respectively.  Pine sites in the Appalachian region (WV-1, WV-2, PA-1, VA-1) were 
dominated by white pine, averaging 87.5 Mg ha-1.  These pine sites compared favorably with 
carbon estimates for mixed pine and hardwood canopies on southern and western aspects in 
North Carolina (Vose and Swank, 1993).   

Overall, these mined sites were new forest communities that, in some cases, accumulated 
nearly as much carbon in the tree biomass as that sequestered in trees on the natural sites.  Most 
of these new forests contained valuable species, trees were well spaced, and especially on low 
quality sites, these new forest systems had the potential to develop greater amounts of tree 
carbon per unit area than understocked, high-graded forests commonly found in the eastern U.S.   

Litter Layer Carbon  

Natural-site litter layer carbon pools ranged from 5 to 15 Mg ha-1 (Table 1).  Litter layer 
carbon pools on mined sites ranged from 4 to 8 Mg ha-1 (excluding IN-1 site) and ranged from 7 
to 23 Mg ha-1 for hardwood and pine stands, respectively.  The IN-1 (21 Mg ha-1) Indiana site 
had a unique tree species composition, including a significant pitch pine component that may be 
the reason for its relatively high litter layer carbon accumulation.   

Litter layer carbon estimates compared favorably with other investigations.  Overall, our 
litter layer carbon estimates from natural sites averaged 10 Mg ha-1 and those from mined sites 
averaged 8 Mg ha-1 (hardwood) and 17 Mg ha-1 (pine).  Litter decomposition rates differ with 
litter type, a result of variation of litter quality, litter chemical composition, availability of 
nutrients, particularly nitrogen, from other site resources, and climatic factors (Vogt et al., 1986).   

The mined to non-mined litter layer carbon ratio ranged from 64% (KY-3) to 260% (IN-2) 
and ranged from 36% (KY-2) to 114% (IL-2) (excluding IN-1 site with 420% ratio) for pine and 
hardwood stand, respectively (Fig. 1).  The average for pine stands (173%) was almost 1.5 times 
greater than the average for hardwood sites (120%).  A ratio greater than 100%, particularly in 
pine stands, may indicate failure to recycle C and other nutrients, causing significant litter layer 
build-up.   

Litter layer carbon pools from other studies in the eastern U.S. ranged from 4 to 14.4 Mg 
ha-1 depending on age and forest species composition (Hoover et al., 2000; Kaczmarek, 1995; 
Van Lear et al., 1995; Vose and Swank, 1993).  However, sites with higher conifer components 
tend to develop greater carbon pools within the litter layer.  In Ohio, Vimmerstedt et al. (1989) 
found that hardwood litter layer carbon pools (3 Mg ha-1) were significantly lower than litter 
layer carbon pools under pine sites (8 Mg ha-1).  On a 35-year-old loblolly pine site in the 
piedmont of South Carolina, litter layer carbon averaged 32.8 Mg ha-1 (Richter et al., 1995).  Our 
33-year-old loblolly pine mined site in western Kentucky (KY-4) averaged 23 Mg ha-1.   
Mined site litter layers also appeared to be approaching a steady state relative to carbon 
accumulation.  Van Lear et al. (1995) found that pine litter layers in the southeast tend to reach a 
steady state 15 to 20 years after a disturbance such as logging.  Yanai et al. (2000) found that 
litter layers in logged northern hardwood forests increased with age after disturbance until about 
50 to 55 years.  However, over the chronosequence of their study, litter accumulation was also 
related to the logging practice used on each site.   
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Soil Carbon 

Unlike tree and litter layer carbon, soil carbon contents on mined sites were consistently 
lower than the natural soil carbon pool.  The average mined to non-mined ratio was 57% (range 
from 22% to 83%) and was 68% (range from 39% to 126%) for pine and hardwood stands, 
respectively (Fig. 1).  Of the three ecosystem components, the soil has the greatest potential for 
sequestering and storing additional carbon.   

Natural site soil carbon ranged from 49 to 108 Mg ha-1 (Table 1).  The amount of carbon in 
the mine soils ranged from 24 to 40 Mg ha-1 under hardwoods, and ranged from 14 to 46 Mg ha-1 
under pines.  Average natural site soil carbon levels were similar to estimates for temperate 
forest soil carbon levels reported in the literature.  Post et al. (1982) reported average soil carbon 
levels of 79 and 60 Mg ha-1 within 1 m for dry and moist warm temperate forests, respectively.  
Researchers in the eastern U.S. reported carbon levels for depths from 0.5 m to bedrock ranging 
between 36 and 130 Mg ha-1 (Hoover et al., 2000; Johnson et al., 1995; Kaczmarek, 1995).  Our 
natural sites averaged 71 Mg ha-1 and mined sites averaged 40 Mg ha-1 and 47 Mg ha-1 for 
hardwood and pine stands, respectively (Table 1).   

The mined site average soil carbon was comparable to that of a degraded natural pine site 
on the Piedmont of South Carolina (Van Lear et al., 1995) that had 37.2 Mg ha-1 carbon within   
1 m.  Prior to pine establishment, poor farming practices severely eroded this site, resulting in 
loss of the surface horizons.  Mined soil carbon pools also correlated well with carbon pools 
reported in other investigations.  Akala and Lal (1999) reported that 30-year-old reforested 
mined sites (to 0.5 m) contained 51.5 Mg ha-1of soil carbon; 50-year-old sites contained 54.9 Mg 
ha-1.  Sites approximately 30 years old in our study contained 47 Mg ha-1, while 50-year-old 
mined sites contained an average of 55 Mg ha-1.   

Total Ecosystem Carbon 

Total carbon sequestered on natural reference sites ranged from 159 to 271 Mg ha-1, with 
an average of 207 Mg ha-1 (Table 1).  Total carbon sequestered on mined sites ranged from 103 
to 207 Mg ha-1 in pine stands and ranged from 141 to 196 Mg ha-1 in hardwood forests.  The 
average across sites planted to pine (148 Mg ha-1) was lower than that of sites planted to 
hardwoods (161 Mg ha-1).   

Most of the carbon present on both reference and mined sites was associated with the total 
tree biomass (Table 1).  Generally, the relative carbon allocation in trees was greater than that in 
soil with the exception of two mined-site pine stands (VA-1 and IN-2).  These two exceptions 
are examples of the significant effect of stand age as a factor in pine stand development and tree 
growth.  The white pine stand (VA-1) was 20 years old at time of measurement and the pitch 
pine stand (IN-2) was 50 years old.  At an early age, trees are in the initial phase of accumulating 
biomass, hence carbon sequestration is accelerating.  However, in the second case, tree biomass 
is likely being relocating to the soil carbon pool as the old pine stand deteriorates.  The tree 
carbon contained an average of 61% of the total sequestered carbon on natural sites.  Equally, on 
mined-site pine stands, the tree carbon represented 61% of the total ecosystem carbon.  For 
hardwood stands the ratio was 65%.  Natural forest litter layers contained 5% of the total carbon, 
and mined site litter layers contained 5% (hardwood) and 12% (pine).  The soils of natural and 
mined sites contained 34% and 29% (hardwood) and 28% (pine) of the sequestered carbon, 
respectively.   
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Total Carbon Inventory Models 

Multivariate regression models for total carbon as a function of stand age and SI were 
created for both natural and mined sites.  Carbon content response surfaces built upon 
statistically significant regression equations are shown in three-dimensional perspective for a 
better visualization (Fig. 2).   

 
Figure 2.  Average total ecosystem carbon sequestered on eight non-mined reference sites (left) and 14 mined 
sites (right) located in the Midwestern and Appalachian coalfields of the U.S.  Multivariate regression models 
were used to create the corresponding carbon response surfaces using site index and stand age as independent 
variables. The eight non-mined sites were projected to the specific age of each of their corresponding adjacent 
mined sites, thus yielding 12 projected non-mined reference carbon values.   
 

The regression model for the natural sites (P = 0.0021) explained about 68% (Adj-R2 = 
0.68) of the total variation among the observed average total carbon amounts captured on natural 
sites (Fig. 2).  This model form is well-established and widely used to represent biomass 
production as a function of age and site quality.  All regression components for our natural site 
data were statistically significant (P < 0.1).  This model was also applied to the mined-site data.  
The model was also significant (P = 0.0642) and explained 28.3% (Adj-R2 = 0.28) of the total 
variation among observed total carbon on mined sites (Fig. 2).  Both models appeared to be good 
representations of stand dynamics and biomass accumulation in forest ecosystems across the 
spectrum of SI and stand age.  An example of the good integrity of both models is the 
representation of biomass accumulation rates for low SI (poor) and high SI (good) natural and 
mined sites.  At early stages of stand development (< 30 years) on fertile sites (SI > 100 ft), both 
natural and mined sites accumulate biomass, hence accumulate carbon, at much faster rates 
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(steeper slopes) than on poor sites.  In fact, on poor sites (for ages beyond 15 years), the rate of 
carbon accumulation is minimal.       

Site index and stand age affected differently the carbon sequestration rates on both mined 
and natural sites.  Carbon accumulation on both mined and natural sites increased exponentially 
with increases in site index (SI), and increased asymptotically with stand age increases (Fig. 2).  
However, the rates of increase differed between the natural and mined sites.  As shown in Fig. 2, 
an increase in SI on natural sites resulted in a steeper response surface relative to the response 
surface for the mined sites.   

Combining both the mined and natural site response surfaces from Fig. 2 shows the 
influence of mined land site quality on carbon sequestration compared to the undisturbed 
reference condition.  Clearly depicted in Fig. 3 is the convergence of both regression planes at 
approximately SI 45.  This corroborates the observations and reports of several researchers that 
forest productivity of pre-SMCRA mined sites is as good or better than the productivity of poor-
quality sites prior to mining (Ashby et al., 1980; Burger et al., 2003).  Improved forest 
productivity as a result of mining is usually attributed to the breakup of natural soil fragipans, 
bedrock and other root-impeding layers.  On the other hand, the models show that forests 
growing on mined sites that had SI > 50 prior to mining are not as productive after mining.  The 
higher the original forest site quality, the less likely productivity is restored, and the greater the 
disparity between pre- and post-mining carbon sequestration potential. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Multivariate regression models for 
total forest ecosystem carbon storage based 
on average site data for forested non-mined 
(darker surface) and forested mined sites 
(lighter surface) located in the Midwestern 
and Appalachian Coalfields of the U.S.  The 
mined site response surface is below that of 
the non-mined sites across the entire range 
of site index and age, except for the region 
confined between site index 40 and 50 for 
stand age greater than 20 years. 
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Because of the limited fit (Adj-R2 = 28.3%) of the natural site model to the mined site data, 
we explored the possibility that a different regression model would better represent total 
ecosystem carbon accumulation on mined sites.  Mined sites are very different from natural sites 
due to the elimination of natural soil, changed hydrology, and different distributions of flora and 
fauna; therefore, it is not unreasonable to believe that carbon would accumulate differently as a 
function of forest age and mine site quality. We used the base model in Eq.2 and re-analyzed the 
mined site data using the same steps as previously described.  The new model, as well as each of 
the model components, was statistically significant (P < 0.1).  The goodness of fit of the new 
model nearly doubled, increasing the r-squared value from 28.3% to 48.6% (Fig. 4).    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Average total ecosystem carbon 
sequestered on 14 mined sites located in the 
Midwestern and Appalachian coalfields of the 
U.S.  The figure depicts a carbon storage 
response surface generated by using a 
multivariate regression model, with site index 
and stand age as independent variables.   
 

 

 

Biologically, the new model is very reasonable.  The response surface depicted similar 
patterns of carbon accumulation across the spectrum of SI and age.  However, the increase in 
stand age affected carbon sequestration rates differently than previously discussed.  Carbon 
sequestration peaked at an approximate age of 35 years across any level of site index, after which 
it decreased as the stands aged (Fig. 4).  We attribute this response to the significant component 
of older pine stands in the mined site data set.  Pine stands tend to deteriorate at ages greater than 
40 years, characterized by tree mortality and carbon efflux to the atmosphere and the soil carbon 
pools.  This response was particularly evident in our 50-year-old Indiana pitch pine mined site 
(IN-2).   

Given our limited data set, species- and management-specific inferences can not be made.  
However, our goal is to include additional forested mined sites and their corresponding non-
mined natural sites that would allow for species-specific estimates of carbon sequestration 
potential. We will also measure carbon sequestration potential of post-SMCRA mined sites and 
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determine the influence and value of different forest management practices, including hybrid tree 
species, tillage, weed control and fertilization on long-term restoration of site productivity and 
carbon sequestration. 

We will also refine our measurement and monitoring techniques to maximize the precision 
of our carbon estimates. Evidence from the literature suggests that the best current organic 
carbon determination techniques, including both wet and dry combustion methods, invariably 
include some amount of geogenic carbon in the estimate (Thurman and Sencindiver, 1986; 
Indorante et al., 1981; Pederson et al., 1978; Cummins et al., 1965).  If this is the case, then mine 
soil pedogenic carbon estimates are actually lower than projected, and replenishment of soil 
carbon levels may take longer than indicated.   

Conclusions 
The development of productive forests on reclaimed land satisfies multiple goals.  

Successful reforestation on productive minelands meets SMCRA guidelines that require the 
return or enhancement of pre-mining productivity levels.  Reforestation also establishes a long-
term sink for atmospheric carbon.  Land that has been mined for coal increases atmospheric 
carbon via land use change and by producing a carbon-based fuel.  Considering that very little 
organic carbon is present on a recently reclaimed mined site, there is great potential for 
sequestering carbon by restoring the forest to a level of productivity equal to or greater than that 
present before mining.   

Mined soil organic carbon levels were lower than average natural sites due to the pre-law 
mining process, which disrupts the biogeochemical cycle of all elements, including C.  By 
removing the forest and soil fauna and flora, the carbon cycle is breached and sequestration is 
interrupted.  Reincorporating organic matter into the soil requires establishment of a biological 
community, including plants for primary production, and soil fauna and flora to process the 
detritus.   

Our results indicate that pre-SMCRA surface coal mining procedures used in the 
Midwestern and the Appalachian coalfields of the USA degraded forest site quality and the 
potential to sequester carbon at pre-mining levels.  Based on the carbon sequestration models 
generated in this study, the natural forest stands that were growing well on medium- to highly-
productive forest sites (SI greater than 50 ft) produced more tree biomass and sequestered more 
carbon than mined sites across the same spectrum of stand age (15 to 60 years).  Research 
investigating the effects of different forest management techniques on carbon sequestration 
potential of mined lands planted to forests is currently underway on three mined sites in Ohio, 
West Virginia, and Virginia. 
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TASK 2: Develop classification and inventory criteria and procedures for mined land. 
(Galbraith et al.) 

Executive Summary 
During the reporting period (Jan.-Mar. 2004), we have continued a literature search about 

classification criteria for reforestation on mine soils, and continued lab analysis on field samples 
collected in earlier reporting periods.   

Experimental 
During the reporting period (Jan.-Mar. 2004), two graduate students completed 

experimental plot preparation by constructing deer-proof fencing and overseeing ripping (site 
preparation) and planting of the tree seedlings in each study site.  Lab analysis was conducted 
using the same materials and methods as described in the previous reporting period.   

Results and Discussion 
Updated results of the individual plot laboratory analysis are included as a spreadsheet file 

in Appendix A.  The results indicate that we achieved our task of identifying groups of plots with 
similar soil properties within each plot, but differing soil properties between the groups of plots.  
The results have not been compared statistically because the data was used only to provide 
background information to assess the validity of our plot layout at each study site.  Appendix B 
contains results of analysis at the soil pit description and sampling sites that represent the entire 
soil profiles at each study area.  Statistical analysis has not been conducted on any of the soil 
information because it will be used as background site information and cannot be compared to 
tree growth until the seedlings have grown.   

Conclusion 
The surface soils in the plots contained the desired traits as outlined in the proposal 

materials and methods for Task 2.  

References 
The references for the literature review will be updated continuously during the study. No 

new references have been added since the previous reporting period.
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TASK 3:  Develop reforestation methods and procedures for mined land. (Fox et al.) 

Executive Summary 
Installation of the field sites designed to evaluate reforestation methods and procedures was 

completed.  Site preparation was completed at the sites in West Virginia and Virginia.   
Seedlings were planted.  Post-planting herbicides were applied to control competing vegetation.  
 
Experimental 

Installation of the field sites designed to evaluate reforestation methods and procedures was 
completed. There are three separate field locations in the study. The first site is located in 
Lawrence County, Ohio, on land owned by the Nature Conservancy (Figure 5). This site was 
previously owned by MeadWestvaco Corporation. A meeting has been set for June 2004 with 
The Nature Conservancy to discuss its participation as a partner in the project.  The second site is 
located in Nicholas County, West Virginia, on land owned by Plum Creek Timber Company 
(Figure 6). The third site is located in Wise County, Virginia, on land owned by PennVirginia 
Company (Figure 7).  

The study was installed as a  3 x 3 factorial in a random complete block design with 3 
replications at each location.   The treatments include three forest types (white pine, hybrid 
poplar, mixed hardwood) and three silvicultural regimes (competition control, competition 
control plus tillage, competition control plus tillage plus fertilization). Each individual treatment 
plot is 0.5 acres.  Each block of nine plots requires 4.5 acres, and the complete installation at 
each site requires 13.5 acres.  The plots at  all three locations have been installed and the plot 
corners marked  with PVC stakes.  GPS coordinates of each plot have been collected.   

Soil samples were collected from each plot to characterize the sites prior to treatment. 
Analysis of soil samples was completed, and these data are being used to prepare fertilizer 
prescriptions. Fertilizer prescripts will be developed for each site. Fertilizer will be applied 
during the second quarter 2004.  

Site preparation was completed. At the site in Ohio, two of the blocks were  tilled with a 
single shank ripper. The third block was tilled with a single shank ripper that was also equipped 
with twin disks. The site in WV was tilled with a single shank ripper that was also equipped with 
twin disks.  At the site in Virginia, two of the blocks were tilled with a single shank ripper. The 
third block was tilled with a multiple shank ripper.  

Tree seedlings were hand planted at each site.  Three species mixtures were planted:  (1) 
white pine; (2) hybrid poplar; and (3) mixed Appalachian hardwoods.  The species of hardwood 
included at each of the three sites varied.  The species mixture selected was intended to mimic 
the species distribution of native hardwood stands in the adjacent forests.  

The pre-emergent herbicide Pendulum was sprayed on all the plots after the seedlings were 
planted. 

Deer fencing was installed at the site in Ohio and is scheduled to be installed at the site in 
West Virginia during the second quarter of 2004.  The deer population at  the site in Virginia is 
low enough that we do not anticipate significant deer browse damage at that site.  
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Results and Discussion 
None to date. The installation phase of the project has just been completed.  

 
Conclusions 

None to date.   
 
References 

None. 
  

 
 

Figure 5.  Map of field sites in Lawrence County, Ohio. 



 23  

 
 

Figure 6.  Map of field sites in Nicholas County, West Virginia. 
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Figure 7.  Map of field sites in Wise County, Virginia. 
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TASK 4:  Conduct economic analyses of reforestation and forest management activites for 
carbon sequestration and a variety of forest products and services.  (Amacher 
and Sullivan) 

Executive Summary 
Public Law 95-87, the Surface Mining Control and Reclamation Act of 1977 (SMCRA), 

mandates that mined land be reclaimed to its pre-mining use, and in a fashion that renders the 
land at least as productive after mining as it was before mining.  According to SMCRA 
requirements, mine operators are responsible for reclaiming mined land.  Until recently, mine 
operators commonly reclaimed previously forested land to hayland/pasture or wildlife habitat.  
This left the landowner with the option or necessity of converting these reclaimed mined lands to 
forests at a later stage, in order to make them economically viable.  Such a land-use conversion, 
however, comes at a substantial cost to the landowner, which makes the financial feasibility of 
such a conversion a questionable issue.  In this quarter, Task 4 progress has focused on the 
economic implications of this shift in reforestation burden from the landowner to the mine 
operator. Results suggest that the reforestation of mined lands as part of the mining operation 
creates a viable and profitable forest enterprise for landowners.  These results were presented 
recently at the 2004 National Meeting of the American Society of Mining and Reclamation and 
The 25th West Virginia Surface Mine Drainage Task Force, April 18-24, 2004. 
 
Experimental 

Land expectation value (LEV) has previously been calculated under Task 4 for three 
silvicultural options on five site classes of reclaimed mine lands that address incompatible 
ground cover, soil compaction, and site productivity.  These financial calculations have been 
extended this quarter to examine the burden that forest landowners bear when they have to pay 
the costs of returning the land to a forested condition.  Our analysis is based on an idealized 
model of forest landowner who is facing the decision to reforest previously reclaimed mine land 
that was reclaimed into grass cover.1  Suppose that in the absence of a reforestation option, the 
landowner possesses an indirect utility function given by, 
 
 )(]),([),,( 000 LILrVLIrV φ+=   (1) 
 
where V() is indirect utility, r is the revenue generated from the property (which could be 
considered land rents, and consequently include the market value of the land), I is exogenous 
landowner income, L0 is the current condition of the property, Φ measures non-market benefits 
(utility) derived from owning the land.  The utility function indicates that land condition may be 
important to utility in multiple ways, including financial returns (first term on the RHS) and 
amenities that the landowner derives from the condition of the land (second term on the RHS).  
Moreover, each component of the indirect utility function could without loss be expressed as a 
stream of rents generated from using the land from grazing or hunting, or production of non-
market benefits.  That is, we could define discounted annual revenues and non-market benefits 
from the reclaimed land as follows: 

                                                 
1 Owners of reclaimed mine lands are quite diverse, including mine operators, land-holding companies, and small 
private owners.  Our representative landowner model is intended to be only a generalized depiction, and all elements 
of the model may not be applicable to a given owner. 
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where i is the interest rate, a(.) are annual revenues generated from the land (perhaps grazing or 
hunting leases), b(.) are non-market benefits derived from owning land each period, z is a 
variable of integration representing time periods 1,…t, and L0(z) is land condition at each point 
in time. 

Suppose now the landowner represented by (1) is offered the opportunity to reforest 
previously mined land that was reclaimed into grass cover.  Not only will the reforestation 
provide potential harvest revenues when the timber matures, but the stream of non-market 
benefits may also be different than those identified in (2) above.  Thus, the new indirect utility 
function can be written: 
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where Lf is the condition of the land after reforestation, and discounted revenues and non-market 
benefits are calculated as follows: 
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where p is the unit price of timber, Qf is the volume of timber produced from reforested land at 
age t, cf is regular reforestation costs after timber harvest, and c0 is initial reforestation costs 
incurred when converting grassland into forest2.  This formulation is similar to the standard 
Hartman (1976) model of a forest with amenities that is used commonly in forest landowner 
analyses (e.g., Conway et al. 2003, Sullivan et al. 2004). 

Reforestation of the reclaimed land involves a welfare improvement only if: 
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or 

                                                 
2 Note that this representation of the problem is slightly simplified for presentation, depicting reforestation cost as a 
single, one-time expense.  In actuality, there may be multiple costs associated with site conversion (especially the 
control of established, competing vegetation) that occur over the first few years of initial forest stand establishment, 
which we address in our empirical analysis. 
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Net discounted revenues of timber harvesting in this calculation could be positive or 

negative, depending on conversion and regular reforestation costs, prices, interest rates and 
timber volumes produced.  Annual revenues and non-market benefits may differ from pre-
reforestation values, due to differing land attributes (Lf v. L0), though it is difficult to imagine 
these annual values not increasing when the land is reforested.  It should be noted that a major 
component of our calculation is the conversion cost c0 in (4) and (7) above.  This undiscounted 
cost must be paid up front, at the time of reforestation, without any offsetting revenues until the 
timber reaches maturity in t years.  Hence, it is likely to play a major role in determining 
landowner welfare and, ultimately, the likelihood of reforestation occurring.  In our work under 
Task 4 in the preceding quarter, we have examined the magnitude of the difference in net 
discounted revenues under a range of site conditions and reforestation options, and especially the 
importance of identifying who pays the conversion costs in the profitability of forestry on these 
reclaimed grasslands. 
 
Results and Discussion 

Our results indicate that indeed there are significant economic implications associated with 
changing the assumption that the landowner assumes the costs of forest establishment to the 
assumption that the coal company assumes these costs, for mixed hardwood.  For example, for 
the “middle” site class scenario, mixed hardwood LEV increases by $2045.76/ha in favor of the 
landowner, when the assumption changes from the landowner assuming the costs of forest 
establishment to the coal company assuming these costs (Table 2).  It is also evident from our 
results that all of the proposed land use conversion scenarios for mixed hardwoods become 
financially profitable when the coal company pays the costs of forest establishment, whereas, 
under the assumption that the landowner pays these costs, none of the scenarios are financially 
profitable.   
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Table 2. Comparison of mixed hardwood LEV ranges for scenarios where landowner pays 
reforestation costs vs. where coal company pays reforestation costs. 

 Site Class 
  

Mixed hardwoods 
(landowner pays costs) 

Mixed hardwoods (coal 
company pays costs) 

Low LEV ($/ha) -2416.71 15.38 
 Rotation 80 years 80 years 
 Site class V V 
 Site preparation High High 
 ARR 7.5% 7.5% 
Middle LEV ($/ha) -1710.16 335.60 
 Rotation 60 years 60 years 
 Site class III III 
 Site preparation Medium Medium 
 ARR 5% 5% 
High LEV ($/ha) -145.58 2057.96 
 Rotation 40 years 40 years 
 Site class I I 
 Site preparation Low Low 
  ARR 3.5% 3.5% 

 
Our results also indicate that there are significant economic implications associated with 

changing the assumption that the landowner assumes the costs of forest establishment to the 
assumption that the coal company assumes these costs, for white pine scenarios.  For example, 
for the “middle” site class, white pine LEV increases by $1951.57/ha in favor of the landowner, 
when the assumption changes from the landowner assuming the costs of forest establishment to 
the coal company assuming these costs (Table 3).  Under the assumption that the landowner pays 
the costs of forest establishment, our results indicate that land-use conversion to white pine only 
becomes financially profitable under the most favorable environmental and economic conditions, 
e.g. best sites and low alternative rate of return.  However, when the costs of forest establishment 
are paid by the coal company, it appears that land-use conversion to white pine becomes 
profitable even under the most unfavorable environmental and economic conditions. 
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Table 3. Comparison of white pine LEV ranges for scenarios where landowner pays 
reforestation costs vs. where coal company pays reforestation costs. 

 

 Site Class   
White pine (landowner 

pays costs) 
White pine (coal 

company pays costs) 
Low LEV ($/ha) -2330.53 220.93 
 Rotation 20 years 20 years 
 Site class V V 
 Site preparation High High 
 ARR 5% 5% 
Middle LEV ($/ha) -316.06 1635.51 
 Rotation 30 years 30 years 
 Site class III III 
 Site preparation Medium Medium 
 ARR 5% 5% 
High LEV ($/ha) 2697.98 4731.66 
 Rotation 30 years 30 years 
 Site class I I 
 Site preparation Medium Medium 
  ARR 3.5% 3.5% 

 
Conclusions 

For a landowner, it would obviously be preferable, from a financial point of view, to leave 
initial site preparation and reforestation up to the coal company, and in so doing, spare him/her -
self the initial costs of reclaiming the mined land.  Were the coal company to assume the costs of 
reclaiming the mined lands, from a landowner’s perspective, it would be most profitable to invest 
in high intensity site preparation on the best quality sites.  However, in reality, the coal company 
would seek to reclaim the mined land in such a way that bond release is achieved at the least cost 
possible.  This least cost option would most likely entail low intensity site preparation, regardless 
of site quality or other market factors.  As an example of how this least cost reforestation 
scenario (coal company assumes costs) would impact the landowner economically, mixed 
hardwood LEV on a site class I site, under low intensity site preparation (rotation age 60 years, 
5% ARR) would increase by approximately 164% from the corresponding scenario in which the 
landowner assumed the costs of reforestation.  Thus, under this least cost reforestation scenario, 
the landowner (who assumes no costs) would still benefit. 

Recent Task 4 work demonstrates that converting reclaimed mined lands back to their 
original forested state, as part of the coal mining enterprise, and in compliance with the law, is 
needed to ensure an economically viable forestry land use.  If the costs of site preparation and 
planting are borne by the forestry enterprise after mining and bond release, and these costs are 
carried for decades until harvest, the forest land use is usually not profitable given current price 
and cost assumptions. 
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TASK 5: Determine the potential of large-scale SMCRA grassland restoration to 
sequester carbon and create other societal benefits. (Zipper et al.) 

Executive Summary 
Because of our inability to identify a graduate student who would conduct the work 

required by Task 5, a search for a post-doctoral research associate to conduct this work was 
initiated during Fall, 2003. A candidate was selected in January, 2004, and hired to begin in 
April 2004. 
 
Report 

Activity during the reporting period consisted of concluding the search for a post-doctoral 
research associate who will conduct research activities related to reclaimed coal mine soils 
capability to support forests and sequester atmospheric carbon with support provided jointly by 
NASA (Wynne et al. 2003) and the U.S. Department of Energy (Burger et al 2002).  The DOE-
supported activities would locate and characterize mine sites available for reforestation, while 
the NASA-supported project component would support additional site characterization work 
necessary to assess spectral characteristics, and acquisition and analysis of remote sensing data. 

An offer was extended to Joshua McGrath, a Ph.D. student in environmental soils at the 
University of Delaware.  Dr. McGrath accepted the offer, contingent upon completion of his 
Ph.D. degree requirements as expected in April, 2004.  Mr. McGrath has excellent experience in 
soil analysis in the field and in the lab, and has knowledge of environmental policy issues.  Dr. 
Zipper is pleased to have been able to obtain the involvement in the project by Dr. McGrath, who 
(subsequent to this reporting period) completed his Ph.D. successfully as scheduled and began 
work on April 19, 2004. 
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PROJECT TIMETABLE 
  Planned  Completed 

Year: 2002 2003 2004 2005 
Quarter: 4th  1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 

Task 1             
   Subtask 1.1   Baseline CarbonSequestration Potential        
   Subtask 1.2   Mine Soil Productivity        
   Subtask 1.3       Carbon Sequestration by Forest Practice   
   Subtask 1.4        Accounting Procedures 
Task 2              
   Subtask 2.1   Classification Criteria        
   Subtask 2.2      GIS Mapping        

   Subtask 2.3      
Test Remote 

Sensing        
   Subtask 2.4         Experimental Plots  
   Subtask 2.5          Soil Analyses 

   Subtask 2.6 
          

Validate 
classification 

criteria 
Task 3              
   Subtask 3.1   Locate sites          
   Subtask 3.2     Establish experiment      
   Subtask 3.3      Silvicultural recommendations     
   Subtask 3.4       Reforestation costs    
   Subtask 3.5        Evaluate survival & growth   
   Subtask 3.6      Estimate growth potential   
   Subtask 3.7       Estimate timber & carbon value 
Task 4 Economic feasibility        
   Subtask 4.1       Evaluation    
   Subtask 4.2          Government policies 
   Subtask 4.3               
Task 5             

   Subtask 5.1     
Identify SMCRA 

grassland         
   Subtask 5.2            Use characteristics of permits      
   Subtask 5.3         Soil properties by permit    

   Subtask 5.4          
Est. quantity 

grassland    
   Subtask 5.5          Est. C sequ. by site quality class  

   Subtask 5.6 
          

Est. C sequ. by 
policy 

scenario 
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