Methodology for using the Forest Soil Carbon Loss Lookup Table
Prepared for the Climate Action Reserve by EcoShift Consulting

Objective and general description
The purpose of this tool is to assist the Reserve with identifying potentials for soil carbon losses as a
result of management practices, as well as to allow a crediting system for soil carbon savings that
result from changes in management practices. The development of this tool is a result of discussions
following the completion of the white paper on this subject. Rationale for many of the decisions can
be found in the white paper, prepared for the Reserve by EcoShift consulting. In this text it is
referenced as WP. The major difficulty in translating the general rationales from the white paper to
this tool lies in the fact that, although there is a lot of literature on forest management impacts on
soil carbon, much of it is not reported in a way that allows for recommendations that are soil-type
specific. Although there are several other ways to examine this issue and classify land based on, for
instance, productivity, soil texture, parent material, etc., any classification will have its limitations,
and we chose to use the taxonomic system in order to obtain most uniform and universally
understood categories. Numerous studies do not report soil characteristics that can be generalized,
such as soil order information. Due to this methodological difficulty, we were forced to rely on a
smaller subset of studies, and in the cases where specific studies were not available we had to rely on
average values from meta-analyses. As is the case with all soil carbon data, the range of reported
results is very large. We sought to identify areas and practices of particular significance and potential
impact, although this was not possible in all cases.
For the purposes of this project, soils are defined as all soil profiles, including the O horizon. In this
document, whenever a range of potential carbon loss is given, the lower bound is the value for
avoided losses (losses that would have occurred in the baseline, but do not occur in the project), and
the larger value is the expected impact of a project activity.
In order to use the table, first identify the soil type of the unit using the NRCS web database lookup
methodology described in Appendix 1. Then, identify the type of management activity that is
planned, as well as the time interval that will occur after the chosen management activity. In the
corresponding cell, you will find a value for soil carbon loss, as well as supporting citations and
explanations for the choice of value in this supporting document.
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We owe a special thanks to Dr. Nave, who provided his extensive article database for our use for
this project, and to Drs. Nave and Coleman for their thorough and thoughtful review of this
manuscript.

General statement of caution:
This tool is based on imperfect data. In many cases we have had to arrive at lookup table values that were based on
only a few studies. In some cases those studies were in disagreement with each other. We made every effort to be
objective, and to ensure that our estimates reflected a conservative range of carbon loss values, in order to avoid crediting
uncertain gains or penalizing for uncertain losses. As more studies are published, the table can be updated to reflect
better and more recent studies, but at this time this is as comprehensive of a data set as we could provide.

General Document Notes
Doc 1.
Andisols are particularly sensitive to soil surface disturbance. In general, Andisols are characterized
by lower bulk density, and disturbance overall should be minimized in order to ensure that the
surface soils are not lost through erosion.
Doc 2
Unless we were able to find specific studies reporting otherwise, any losses in soil carbon that result
from partial stem removal will likely be compensated for by increased forest productivity due to
compensatory growth of the remaining trees at time intervals greater than 10 years. For further
discussion, see WP.
Doc 3
Histosols are organic soils that have formed through an interaction of long-term inputs of plant
matter and low decomposition due to high saturation of the soil profile with water. Such soils are
major reservoirs of terrestrial carbon, and may be meters thick. However, since the main factor for
histosols being such an important carbon reservoir is the saturation of soil pores with water, any
decrease in soil moisture saturation, which is the typical result of ditching and draining, will result in
significant losses of soil carbon, according to some reports up to 11 tC/ha/y (Leifeld et al. 2011). If
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the soils are drained, the organic matter will continue decomposing indefinitely, and ultimately most
of the carbon will be lost to the atmosphere due to microbial respiration. There are few studies on
the effect of logging on histosols directly, partially due to the fact that such logging is rare, and
partially because management of histosols has been synonymous with draining, which is known to
result in almost total losses of soil carbon. Any management regime that has the potential for
decreasing the soil saturation of histosols must, therefore, be considered as a 100% loss of soil
carbon in the long run.
Ranges of histosol carbon losses due to increased microbial decomposition following higher oxygen
availability after reduction of soil saturation differ (Gesch et al. 2007; Kasimir-Klemedtsson et al.
1997; Leifeld et al. 2011); however, most reports come from European studies and we have few
direct studies of US histosol carbon losses. The overall dynamic that controls losses of carbon from
histosols is the increase of soil respiration due to drainage and increased C mineralization to CO2, as
well as a change in the balance between methane and nitrous oxide losses, with methane emissions
decreasing, and nitrous oxide emissions increasing. The resulting land-use has a significant effect on
overall losses, where conversions to grazing use result in smaller losses than conversions to arable
use for cereals and row crops. Due to the complex nature of changes in gas fluxes that occur after
drainage, simple evaluations of changes in soil carbon stocks of histosols using the standard
methodology based on bulk density and soil carbon content are insufficient for overall GHG
accounting, as they ignore the changes in other trace gasses. However, direct measurement of
changes in trace gasses is expensive and not practical. Based on result reported in the above studies
and review papers, we propose a conservative estimate of 5 tC/ha/y losses for histosols converted
to grassland/grazing and 15 tC/ha/y for histosols converted to till-based agriculture. These values
are likely to be constant, since the rates of histosol subsidence have been found to be constant as
well (Leifeld et al. 2011). For the purposes of the Reserve, losses of carbon at these rates can be
credited up to 80% loss of the original soil carbon.
Doc 4
The question of the effect of site preparation activities on soil carbon storage does not have a
straightforward answer. The landmark Covington study (Covington 1981) estimated that site
disturbance resulted in significant losses of soil carbon that were not mitigated until 50+ years after
harvest. Although some meta-analyses show significant losses of soil carbon due to site preparation
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activities (between 15-20% loss, depending on the site and treatment (Johnson 1992) and as much as
41% on Spodosols (Orlander et al. 1996), other analyses show a lack of a distinguishable effect (Paul
et al. 2002).

In order to be conservative, and in order to account for potential losses of soil carbon

as a result of project activity, we recommend not giving credit for avoided losses, and using an areabased fraction of total maximum loss to account for project’s potential for soil carbon loss due to
site preparation activities. In the cases where we could not locate soil-type specific studies, we use
the 20% upper bound value from Johnson, 1992. Where we could locate soil-type specific studies,
we used the average of reported values for the lower bound, and the lower quartile for the upper
bound. Again, in order to be conservative, we assume that the effects of site preparation activity as a
result of project activities are not mitigated over the medium term, since there are a number of
studies that show that these losses persist, but we assume that over the long term, these effects are
mitigated, per Yanai et al., (2003). The only exception to this assumption is for Spodosols, which
have been shown to recover more slowly from site preparation by Orlander (1998), and, specifically
at the soil surface, in a meta-analysis by Nave et al., (2010). Note: In cases where published literature
values for non-intensive site preparation are higher than our estimates of site preparation impact, we
use the higher values from the literature. More detailed discussion can be found in the WP.
Doc 5
Since data are not always available for all soil types and all harvest intervals, in some instances we
have to rely on general published meta-analyses in order to estimate the most conservative values for
potential impact of forest management activities. In the case of very high harvest intensities
(harvesting whole trees, or removing residue after harvest), we use a conservative value of 6% loss,
derived from Johnson and Curtis, (2001). Although subsequent meta-analyses have shown that this
effect may not be as strong (Nave et al. 2010), general understanding of soil carbon dynamics
suggests that removal of residues will decrease soil carbon content due to a reduction of inputs. We
therefore decided to use this value, following our overall conservative approach. For a more detailed
discussion, see WP.
Doc 6
Andisols present a significant challenge for impact prediction. Located in the Northern Sierra
Nevada and parts of the Pacific Northwest, these soils are characterized by a volcanic origin, and
very low bulk density. There are very few studies that we were able to locate that evaluate harvest
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impacts on Andisols (Antos et al. 2003; Inagaki et al. 2008; Klopatek 2002; Law et al. 2003), and the
results range from losses of 32% (Antos et al. 2003) to overall soil carbon increases (Law et al.
2003). Since these sites are generally dominated by conifers, if we use the general trends identified
by Johnson and Curtis (2001), we will assume no losses of soil carbon due to sawlog only harvests
(harvest intensity: High) and 6% soil carbon losses in the cases of whole-tree harvests (harvest
intensity: Very High). However, a special note must be made that any management on these soils
must minimize disturbance of the soil surface, since soil compaction and erosion, and potential
change in soil carbon dynamics, is a significant danger on soils with such low bulk density.
Doc 7
Mollisols are typically associated with grasslands, rather than forests. One significant departure from
the rule is Northern Arizona, where Ponderosa pine-dominated forests grow on Mollisols. Data on
soil carbon dynamics in this system are very sparse, but we will use the general trends outlined in
Johnson and Curtis (2001) and Nave et al. (2010), and assume that unless the intensity of harvest is
very high, or that slash is removed from the site, there is no effect of harvest on soil carbon.
Doc 8
Results from soil carbon impact studies on Alfisols generally report no significant losses in soil
carbon, regardless of harvest intensity, harvest type, or time interval, except for two studies that
examined effects of harvesting of hardwoods (Herman et al. 2003; Small and McCarthy 2005),
although there is some indication that even under conifer vegetation the thickness and carbon
content of the surface soil horizons is affected by harvest activities as far as 17 years after harvest
(Black 1995). As discussed by Nave et al. (2010), and consistent with general findings of Johnson
and Curtis (2001), the impacts of hardwood harvest versus conifer harvests appear to be significantly
different. Therefore, in this instance, we propose 2 different values, one for conifers, and in
parentheses a value for hardwood systems. We assume that these losses in hardwoods are mitigated
at the Ex-Long time interval. We could not find intensive site preparation studies on Alfisols, so we
will use average values from Johnson (1992).
Doc 9
Spodosol results are driven, in large part, by research focused on impacts to the surface horizons.
Spodosols are characterized by a carbon-rich topsoil decomposing organic layer that leaches carbon
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to the subsurface horizons, so the form in which carbon exists in the surface horizons is
fundamentally different, in terms of chemical composition, from the subsurface horizons. Research
of impacts of forest management on surface horizons shows that impacts are significant, and longlasting, with the forest floor taking over 50 years to recover and return to original carbon values
(Nave et al. 2010). However, the upper mineral horizons do not appear to be affected as much, if at
all, and the deeper mineral horizons show a significant decrease in carbon. Since subsurface carbon
is largely a product of decomposition of carbon at the surface in both the forest floor and upper
mineral horizons, we feel that, in order to be conservative, we must use documented forest floor
horizon losses as equivalent to whole soil carbon losses, since they may result in a long-term loss of
soil carbon for the whole system, which is the likely mechanism for long-term losses reported by
Orlander (1998). One of the things that becomes apparent is that, unlike in other soil types, the
documented losses due to whole tree harvesting (ex-high harvest intensity) are significantly lower
than soil carbon losses due to stem-only harvest (high harvest intensity). Such a result is likely due to
a higher number of studies that focus on the sub-surface horizons in the whole-tree harvest
literature, and generally limited data. However, it could also be due to reduced influence of leftover
litter on decomposition of the surface organic material, as suggested by Sanscrainte et al. (2003).
Doc 10
Conversion of forest land to agricultural land has been shown to result in varying carbon losses, but
on average, 30% losses are expected (Davidson and Ackerman 1993; Guo and Gifford 2002; Murty
et al. 2002). The large variety of agricultural practices and original forest types and ages from
conversion do not lend themselves to a robust finer analysis of soil-type specific effects.
Doc 11
Conversion to residential-commercial use is problematic from a soil carbon perspective, because
urban environments receive a large amount of fossil-fuel intensive inputs, and disturbance effects
are often masked by increased productivity due to the use of fertilizers and pesticides, and exclusions
of herbivores. In an analysis of multiple cities, Pouyat et al. (2006) found that soil carbon content
changes due to urbanization range from 60% losses to 4-6% gains, depending on the parent
material, amount of original organic matter present, and use. In a review of urban carbon cycle
studies, Pataki et al. (2006) also present a very diverse set of results, showing that urban soils can
range as much as tenfold in their soil carbon content, depending on the final use of the soils (i.e.
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parking lots vs. golf courses). Depending on the level of disturbance, and the amount of subsequent
management, soil carbon content will vary significantly in forests converted for urban use. However,
most of the management of urban soils that will result in gains in soil carbon will be due to intensive
inputs, such as the case of soils of golf courses (Qian and Follett 2002). In order to be conservative,
we propose not crediting for avoided soil carbon losses due to conversion to urban use, since it will
avoid potential issues with over-crediting.

Site preparation definitions (roman numerals) For the purposes of the table, thinning is the
short-term small intensity harvest. The differences in categories are due to slightly different
definitions of disturbance that accompany thinning literature.
I

Thinning categories of site treatment range: none (no disturbance, residue left on-site), light

(minimal disturbance, residue burned on-site), medium (some disturbance, residue removed),
heavy(significant surface modification, residue removed)
II

Harvest categories of site treatment range: none (Less than 5% disturbance of soil exposed

from below litter and duff), light (5%-25% disturbance of the soil surface), medium (25-50%
disturbance of the soil surface), heavy (60-100% disturbance of the soil surface)

Footnotes (lower case letters)
aa

Inceptisol thinning data are sparse, so the estimate cannot be broken out into different site
management categories

ab

Mollisol thinning data are sparse, so estimates cannot be broken out into different site
management categories

ac

Spodosol thinning data are sparse, so estimates cannot be broken out into different site
management categories. However, Orlander et al. (1998) reports that even after 60+ years
there is still considerable effect of site preparation on Spodosols.

ad

Ultisol lower impact data are sparse, so estimates for the two lowest levels of disturbance
cannot be broken out into different site management categories

da

Johnson and Curtis (2001) find that, irrespective of other factors, removal of whole trees
results in a 6% loss of soil carbon. Please see Doc 5.
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db

Overall, with time intervals spanning over 45 years, we do not expect to see soil carbon
losses due to site preparation(Yanai et al., 2003)

dc

Although the literature is sparse, Orlander et al. (1998) reports that even after 60+ years
there is still considerable effect of site preparation on Spodosols.

dd

In Ultisol studies that were undertaken in sites with heavy disturbance, there are some
reports of significant losses (as much as 30%), but these results mostly come from short
duration studies. When we average the results of multiple studies, we see a very small effect
(2%)

de

Although we could not find studies for this time period, using the results for a shorter time
period we assume a lower bound value of 0% for this category

df

There are no studies for medium disturbance levels, so we use the non-disturbed values,
since they are higher than 50% of the values from the high site preparation activities

dg

Although this is relying only on one study, from Spain, the results are robust enough to
warrant this conservative figure

dh

The data are very sparse for whole tree harvests on Inceptisols, we assume data from
published meta analyses

di

There are no data for this time interval, so we use the data from the prior interval for which
data are available

References (numbers)
101

(Esquilin et al. 2008; Murphy et al. 2006)

102

(Gundale et al. 2005; Murphy et al. 2006; Vesterdal et al. 1995)

103

(Gundale et al. 2005; Hart et al. 2006; Murphy et al. 2006)

104

(Murphy et al. 2006)

105

(Elliott and Knoepp 2005; Mattson and Smith 1993)
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106

(Korb et al. 2004; Stone et al. 1999)

107

(Strong 1997) (Hendrickson 1989)

108

(Boerner et al. 2006; Maassen and Wirth 2004; Shelburne et al. 2004)

109

(Boerner et al. 2006; Hwang and Son 2006; Neher et al. 2003; Shelburne et al. 2004)

110

(Carter et al. 2002)

111

(Inagaki et al. 2008)

112

(Orlander et al. 1996)

201

(Antos et al. 2003)

202

(Edwards and Ross-Todd 1983; Laiho et al. 2003; Riley and Jones 2003)

203

(Gresham 2002; Johnson 1998; Mattson and Smith 1993)

204

(Mattson and Smith 1993)

205

(Knoepp and Swank 1997)

206

(Mattson and Smith 1993; Prietzel et al. 2004)

207

(Cromack et al. 1999; Griffiths and Swanson 2001; Knoepp and Swank 1997; Mattson 1989)

208

(Fraterrigo et al. 2005; Griffiths and Swanson 2001)

209

(Black 1995; DeByle 1980; DeLuca and Zouhar 2000; Prietzel et al. 2004; Waldrop et al.
2003)

210

(Waldrop et al. 2003)

211

(Herman et al. 2003; Small and McCarthy 2005)

212

(Alban and Perala 1992; Cade-Menun et al. 2000; Edmonds and McColl 1989; Gough et al.
2007; Hendrickson 1989; Keenan et al. 1994; Yanai et al. 2000)

213

(Holscher et al. 2001; McLaughlin and Phillips 2006; Yanai et al. 2000)
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214

(Strong 1997; Yanai et al. 2000)

215

(Alban and Perala 1992; Goodale and Aber 2001; Gough et al. 2007; Yanai et al. 2000)

216

(Johnson 1995; Johnson et al. 1991; Johnson et al. 1997; McLaughlin et al. 1996; Ussiri and
Johnson 2007)

217

(Dai et al. 2001; Ussiri and Johnson 2007)

302

(Merino and Edeso 1999)

303

(Gresham 2002; Laiho et al. 2003; Riley and Jones 2003; Sanchez et al. 2007)

304

(Edwards and Ross-Todd 1983; Laiho et al. 2003)

305

(Johnson 1998)

306
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307

(Knoepp and Swank 1997)

Forest Soil Carbon Loss Lookup Table – January, 2012

10

Bibliography
Alban DH, Perala DA (1992) Carbon Storage in Lake States Aspen Ecosystems. Canadian Journal
of Forest Research-Revue Canadienne De Recherche Forestiere 22:1107-1110
Antos JA, Halpern CB, Miller RE, Cromack K, Jr., Halaj MG (2003) Temporal and spatial changes
in soil carbon and nitrogen after clearcutting and burning of an old-growth Douglas-fir
forest. U.S. Department of Agriculture FS. In:^Res. Pap. PNW-RP-552.
Black T, Harden JW (1995) Effect of timber harvest on soil carbon storage at Blodgett Exp Forest,
California. Canadian Journal of Forest Research-Revue Canadienne De Recherche Forestiere
25:1385-1396
Boerner REJ, Waldrop TA, Shelburne VB (2006) Wildfire mitigation strategies affect soil enzyme
activity and soil organic carbon in loblolly pine (Pinus taeda) forests. Canadian Journal of
Forest Research-Revue Canadienne De Recherche Forestiere 36:3148-3154
Cade-Menun BJ, Berch SM, Preston CM, Lavkulich LM (2000) Phosphorus forms and related soil
chemistry of Podzolic soils on northern Vancouver Island. II. The effects of clear-cutting
and burning. Canadian Journal of Forest Research-Revue Canadienne De Recherche
Forestiere 30:1726-1741
Carter MC, Dean TJ, Zhou MY, Messina MG, Wang ZY (2002) Short-term changes in soil C, N,
and biota following harvesting and regeneration of loblolly pine (Pinus taeda L.). Forest
Ecology and Management 164:67-88
Covington WW (1981) Changes in Forest Floor Organic Matter and Nutrient Content Following
Clear Cutting in Northern Hardwoods. Ecology 62:41-48
Cromack K, Miller RE, Helgerson OT, Smith RB, Anderson HW (1999) Soil carbon and nutrients
in a coastal Oregon douglas-fir plantation with red alder. Soil Science Society of America
Journal 63:232-239
Dai KH, Johnson CE, Driscoll CT (2001) Organic matter chemistry and dynamics in clear-cut and
unmanaged hardwood forest ecosystems. Biogeochemistry 54:51-83
Davidson E, Ackerman I (1993) Changes in soil carbon inventories following cultivation of
previously untilled soils. Biogeochemistry 20:161-193
DeByle N (1980) Harvesting and site treatment influences on the nutrient status of lodgepole pine
forests in western wyoming. Symposium: Environmental consequences of timber harvesting
in Rocky Mountain coniferous forests USFS GTR:137-155
DeLuca TH, Zouhar KL (2000) Effects of selection harvest and prescribed fire on the soil nitrogen
status of ponderosa pine forests. Forest Ecology and Management 138:263-271
Edmonds RL, McColl JG (1989) Effects of Forest Management on Soil-Nitrogen in Pinus-Radiata
Stands in the Australian Capital Territory. Forest Ecology and Management 29:199-212
Edwards NT, Ross-Todd BM (1983) Soil Carbon Dynamics in a Mixed Deciduous Forest Following
Clear-Cutting with and without Residue Removal. Soil Sci. Soc. Am. J. 47:1014-1021
Elliott KJ, Knoepp JD (2005) The effects of three regeneration harvest methods on plant diversity
and soil characteristics in the southern Appalachians. Forest Ecology and Management
211:296-317
Esquilin AEJ, Stromberger ME, Shepperd WD (2008) Soil scarification and wildfire interactions and
effects on microbial communities and carbon. Soil Science Society of America Journal
72:111-118
Fraterrigo JM, Turner MG, Pearson SM, Dixon P (2005) Effects of past land use on spatial
heterogeneity of soil nutrients in southern appalachian forests. Ecological Monographs
75:215-230
Forest Soil Carbon Loss Lookup Table – January, 2012

11

Gesch RW, Reicosky DC, Gilbert RA, Morris DR (2007) Influence of tillage and plant residue
management on respiration of a Florida Everglades Histosol. Soil and Tillage Research
92:156-166
Goh KM, Phillips MJ (1991) Effects of Clearfell Logging and Clearfell Logging and Burning of a
Nothofagus Forest on Soil Nutrient Dynamics in South-Island, New-Zealand - Changes in
Forest Floor Organic-Matter and Nutrient Status. New Zealand Journal of Botany 29:367383
Goodale CL, Aber JD (2001) The long-term effects of land-use history on nitrogen cycling in
northern hardwood forests. Ecological Applications 11:253-267
Gough CM, Vogel CS, Harrold KH, George K, Curtis PS (2007) The legacy of harvest and fire on
ecosystem carbon storage in a north temperate forest. Global Change Biology 13:1935-1949
Gresham CA (2002) Sustainability of intensive loblolly pine plantation management in the South
Carolina Coastal Plain, USA. Forest Ecology and Management 155:69-80
Griffiths RP, Swanson AK (2001) Forest soil characteristics in a chronosequence of harvested
Douglas-fir forests. Canadian Journal of Forest Research-Revue Canadienne De Recherche
Forestiere 31:1871-1879
Gundale MJ, DeLuca TH, Fiedler CE, Ramsey PW, Harrington MG, Gannon JE (2005) Restoration
treatments in a Montana ponderosa pine forest: Effects on soil physical, chemical and
biological properties. Forest Ecology and Management 213:25-38
Guo L, Gifford R (2002) Soil carbon stocks and land use change: a meta analysis. Global Change
Biology 8:345-360
Hart SC, Selmants PC, Boyle SI, Overby ST (2006) Carbon and nitrogen cycling in southwestern
ponderosa pine forests. Forest Science 52:683-693
Hendrickson O, Chatarpaul L, Burgess D (1989) Nutrient cycling following whole-tree and
conventional harvest in a northern mixed forest. Canadian Journal of Forest Research-Revue
Canadienne De Recherche Forestiere 19:725-735
Herman DJ, Halverson LJ, Firestone MK (2003) NITROGEN DYNAMICS IN AN ANNUAL
GRASSLAND: OAK CANOPY, CLIMATE, AND MICROBIAL POPULATION
EFFECTS. Ecological Applications 13:593-604
Holscher D, Schade E, Leuschner C (2001) Effects of coppicing in temperate deciduous forests on
ecosystem nutrient pools and soil fertility. Basic and Applied Ecology 2:155-164
Hwang J, Son Y (2006) Short-term effects of thinning and liming on forest soils of pitch pine and
Japanese larch plantations in central Korea. Ecological Research 21:671-680
Inagaki Y, Kuramoto S, Torii A, Shinomiya Y, Fukata H (2008) Effects of thinning on leaf-fall and
leaf-litter nitrogen concentration in hinoki cypress (Chamaecyparis obtusa Endlicher)
plantation stands in Japan. Forest Ecology and Management 255:1859-1867
Johnson C (1995) Soil nitrogen status 8 years after whole-tree clearcutting. Canadian Journal of
Forest Research-Revue Canadienne De Recherche Forestiere 25:1346-1355
Johnson CE, Johnson A, Huntington T, Siccama TG (1991) Whole-tree clearcutting effects on soil
horizons and organic matter pools. Soil Sci Soc Am J 55:497-502
Johnson CE, Romanowicz RB, Siccama TG (1997) Conservation of exchangeable cations after
clear-cutting of a northern hardwood forest. Canadian Journal of Forest Research-Revue
Canadienne De Recherche Forestiere 27:859-868
Johnson D, Todd DE (1998) The effects of harvesting on long-term changes in nutrient pools in a
mixed oak forest. Soil Sci Soc Am J 62:1725-1735
Johnson DW (1992) Effects of forest management on soil carbon storage. Water, Air, & Soil
Pollution 64:83-120
Forest Soil Carbon Loss Lookup Table – January, 2012

12

Johnson DW, Curtis PS (2001) Effects of forest management on soil C and N storage: meta analysis.
Forest Ecology and Management 140:227-238
Kasimir-Klemedtsson Å, Klemedtsson L, Berglund K, Martikainen P, Silvola J, Oenema O (1997)
Greenhouse gas emissions from farmed organic soils: a review. Soil Use and Management
13:245-250
Keenan RJ, Messier C, Kimmins JPH (1994) Effects of Clearcutting and Soil Mixing on Soil
Properties and Understorey Biomass in Western Red Cedar and Western Hemlock Forests
on Northern Vancouver-Island, Canada. Forest Ecology and Management 68:251-261
Klopatek JM (2002) Belowground carbon pools and processes in different age stands of Douglas-fir.
Tree Physiology 22:197-204
Knoepp JD, Swank WT (1997) Forest Management Effects on Surface Soil Carbon and Nitrogen.
Soil Science Society of America Journal 61:928-935
Korb JE, Johnson NC, Covington WW (2004) Slash pile burning effects on soil biotic and chemical
properties and plant establishment: Recommendations for amelioration. Restoration Ecology
12:52-62
Laiho R, Sanchez F, Tiarks A, Dougherty PM, Trettin CC (2003) Impacts of intensive forestry on
early rotation trends in site carbon pools in the southeastern US. Forest Ecology and
Management 174:177-189
Law BE, Sun OJ, Campbell J, Van Tuyl S, Thornton PE (2003) Changes in carbon storage and
fluxes in a chronosequence of ponderosa pine. Global Change Biology 9:510-524
Leifeld J, Müller M, Fuhrer J (2011) Peatland subsidence and carbon loss from drained temperate
fens. Soil Use and Management 27:170-176
Maassen S, Wirth S (2004) Soil microbiological monitoring of a pine forest after partial thinning for
stand regeneration with beech seedlings. In: Soil Science and Plant Nutrition, vol. 50, pp
815-819
Mattson K, Swank Wt (1989) Soil detrital carbon dynamics following forest cuting in the southern
Appalachians. Biology and Fertility of Soils 7:247-253
Mattson KG, Smith HC (1993) Detrital Organic-Matter and Soil Co2 Efflux in Forests Regenerating
from Cutting in West-Virginia. Soil Biology & Biochemistry 25:1241-1248
McLaughlin JW, Liu G, Jurgensen MF, Gale MR (1996) Organic carbon characteristics in a spruce
swamp five years after harvesting. Soil Science Society of America Journal 60:1228-1236
McLaughlin JW, Phillips SA (2006) Soil carbon, nitrogen, and base cation cycling 17 years after
whole-tree harvesting in a low-elevation red spruce (Picea rubens)-balsam fir (Abies
balsainea) forested watershed in central Maine, USA. Forest Ecology and Management
222:234-253
Merino A, Edeso JM (1999) Soil fertility rehabilitation in young Pinus radiata D. Don. plantations
from northern Spain after intensive site preparation. Forest Ecology and Management
116:83-91
Murphy JD, Johnson DW, Miller WW, Walker RF, Blank RR (2006) Prescribed fire effects on forest
floor and soil nutrients in a Sierra Nevada forest. Soil Science 171:181-199
Murty D, Kirschbaum MUF, McMurtrie RE, McGilvray H (2002) Does conversion of forest to
agricultural land change soil carbon and nitrogen? a review of the literature. Global Change
Biology 8:105-123
Nave LE, Vance ED, Swanston CW, Curtis PS (2010) Harvest impacts on soil carbon storage in
temperate forests. Forest Ecology and Management 259:857-866
Neher DA, Barbercheck ME, El-Allaf SM, Anas O (2003) Effects of disturbance and ecosystem on
decomposition. In: Applied Soil Ecology, vol. 23, pp 165-179
Forest Soil Carbon Loss Lookup Table – January, 2012

13

Orlander G, Egnell G, Albrektson A (1996) Long-term effects of site preparation on growth in
Scots pine. Forest Ecology and Management 86:27-37
Pataki DE et al. (2006) Urban ecosystems and the North American carbon cycle. Global Change
Biology 12:2092-2102
Paul KI, Polglase PJ, Nyakuengama JG, Khanna PK (2002) Change in soil carbon following
afforestation. Forest Ecology and Management 168:241-257
Pouyat RV, Yesilonis ID, Nowak DJ (2006) Carbon Storage by Urban Soils in the United States.
Journal of environmental quality 35:1566-1575
Prietzel J, Wagoner GL, Harrison RB (2004) Long-term effects of repeated urea fertilization in
Douglas-fir stands on forest floor nitrogen pools and nitrogen mineralization. Forest
Ecology and Management 193:413-426
Qian Y, Follett RF (2002) Assessing Soil Carbon Sequestration in Turfgrass Systems Using LongTerm Soil Testing Data. Agron. J. 94:930-935
Riley JM, Jones RH (2003) Factors limiting regeneration of Quercus alba and Cornus florida in
formerly cultivated coastal plain sites, South Carolina. Forest Ecology and Management
177:571-586
Sanchez FG et al. (2007) Soil carbon, after 3 years, under short-rotation woody crops grown under
varying nutrient and water availability. Biomass and Bioenergy 31:793-801
Sanscrainte CL, Peterson DL, McKay S (2003) Carbon storage and soil properties in latesuccessional and second-growth subalpine forests in the North Cascade Range, Washington.
Northwest Science 77:297-307
Shelburne VB, Boyle MF, Lione DJ, Waldrop TA (2004) PRELIMINARY EFFECTS OF
PRESCRIBED BURNING AND THINNING AS FUEL REDUCTION TREATMENTS
ON THE PIEDMONT SOILS OF THE CLEMSON EXPERIMENTAL FOREST. In:^
SRS–71
Small CJ, McCarthy BC (2005) Relationship of understory diversity to soil nitrogen, topographic
variation, and stand age in an eastern oak forest, USA. Forest Ecology and Management
217:229-243
Stone JE, Kolb TE, Covington WJ (1999) Effects of restoration thinning on presettlement Pinus
ponderosa in northern Arizona. Restoration Ecology 7:172-182
Strong T (1997) Harvesting intensity influences the carbon distribution in a northern hardwood
ecosystem. USFS NCFRS NC-329:7
Ussiri DAN, Johnson CE (2007) Organic matter composition and dynamics in a northern hardwood
forest ecosystem 15 years after clear-cutting. Forest Ecology and Management 240:131-142
Vesterdal L, Dalsgaard M, Felby C, Raulundrasmussen K, Jorgensen BB (1995) Effects of Thinning
and Soil Properties on Accumulation of Carbon, Nitrogen and Phosphorus in the Forest
Floor of Norway Spruce Stands. Forest Ecology and Management 77:1-10
Waldrop MP, McColl JG, Powers RF (2003) Effects of forest postharvest management practices on
enzyme activities in decomposing litter. Soil Science Society of America Journal 67:12501256
Yanai RD, Arthur MA, Siccama TG, Federer CA (2000) Challenges of measuring forest floor
organic matter dynamics: Repeated measures from a chronosequence. Forest Ecology and
Management 138:273-283
Yanai RD, Currie WS, Goodale CL (2003) Soil Carbon Dynamics after Forest Harvest: An
Ecosystem Paradigm Reconsidered. Ecosystems 6:197-212

Forest Soil Carbon Loss Lookup Table – January, 2012

14

Appendix 1. Methodology for estimating Soil Carbon content based on the
NRCS database
1. Import GIS coordinates, and create an Area of Interest (AOI) in the NRCS web portal
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx)
In order to determine soil classification, select the Soil reports tab, then select land classifications,
then select “Taxonomic Classification of Soils”. This report will provide a detailed taxonomic
classification of each of the soils in the AOI. The last four letters of the soil descriptor correspond
to the major soil type (example: a soil classified as a Xerochrepts belongs to the Inceptisol soil type).
Soil order identifying endings: -- Alfisol (-alfs) Andisol (-ands) Inceptisol (-epts) Mollisol (-olls)
Spodosol (-ods) Ultisol (-ults) Histosol (-ists). If the data do not exist, attempt to obtain these from a
local or state soil conservation/environmental protection agency.
2. Obtain soil organic matter values by selecting Soil Properties and Qualities tab, select Soil Organic
Matter under Soil Physical Properties, and in the advanced options select Weighted Average for the
aggregation method, Higher as the tie break rule, and designate soil depth (unless noted otherwise,
0-30cm). Click “View Ratings”, the ratings will provide organic matter percentage for each soil type
in the AOI. Convert the number from the rating to decimal percent (divide by 100). If the data do
not exist, conduct soil testing to obtain the value.
3. Obtain soil bulk density values by selecting Soil Properties and Qualities tab, select Bulk Density,
One-third Bar, and specify Weighted Average method and soil depth (unless noted otherwise, 030cm). Click “View Ratings”, the ratings will provide bulk density values for each soil type in the
AOI. If the bulk density values are not available in the database, use default values of 1.2 g/cm3 for
clay soils, 1.6 g/cm3 for sand soils, and 1.4 g/cm3 for loam soils. Soil texture can be obtained by
selecting the “Surface texture” value in the Soil Properties and Qualities tab. If the data do not exist,
conduct soil testing to obtain the value.
5. In order to calculate total soil carbon per acre, use the following formula for each of the soil types
identified in your AOI:
<# from step 2>*0.58*<# from step 3>*<depth in cm you have chosen(default=30cm)*40468564.2*10-6

Where 0.58 is a conversion factor to convert soil organic matter to soil carbon, and 40468564.2 is
the conversion of an acre to cm2 and the multiplier of 10-6 is to convert from grams to metric tons.
To convert this value to metric tons of CO2 per acre, multiply by 44/12.
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