STATUS AND POTENTIAL OF TERRESTRIAL
CARBON SEQUESTRATION IN WEST VIRGINIA

Benktesh D. Sharma and Jingxin Wang'

Abstract.—Terrestrial ecosystem management offers cost-effective ways to enhance carbon
(C) sequestration. This study utilized C stock and C sequestration in forest and agricultural
lands, abandoned mine lands, and harvested wood products to estimate the net current
annual C sequestration in West Virginia. Several management options within these
components were simulated using a systems modeling approach to estimate C sequestration
potentials. With such activities as substituting unused biomass resources for bioenergy
production, converting marginal lands to forest covers, and extending the life of harvested
wood products, atmospheric C sequestration by terrestrial ecosystems in West Virginia can
be increased to 8.40 million t Clyear from the current level of 5.50 million t C/year. These
activities have the potential to provide additional benefits in terms of energy savings and
CO, emission reduction at the source compared to other available carbon sequestration
alternatives.

INTRODUCTION

Almost all of West Virginia consists of terrestrial ecosystems, and forest ecosystems alone cover more than 80
percent of terrestrial components (Fig. 1). Interest in atmospheric carbon (C) reduction through terrestrial
ecosystem management is strong in West Virginia (as elsewhere) not only because of the prevalence of

these ecosystems but also because of the cost-effectiveness of these components as a means of reducing
atmospheric C compared to available alternatives. Managing these components requires knowledge about

the limits of these ecosystem components” capacity to sequester atmospheric C and about the limiting factors
of other components that directly affect such potentials. This paper describes the status and potential of C
sequestration in terrestrial ecosystem components of forest lands, agricultural lands, mine lands, and harvested
wood products (HWP) through different enhancement strategies along with limitations. Additionally, the
paper compares the terrestrial ecosystem-based C sequestration options with other options on the basis of cost,

feasibility, and efficiency of emission reduction in West Virginia.

METHODS

Estimates of forest C stock were obtained using Carbon On Line Estimator (COLE) available at http://
ncasi.uml.edu/COLE/. Information on available mine lands, boundaries, and status was obtained from the
West Virginia Department of Environmental Protection (2008). Information on C in harvested wood and
applicable end uses was obtained from Timber Products Output data, available at http://nrs.fs.fed.us/fia/
topics/tpo/. Energy production and C emission reduction through replacement of coal fuel with biomass
for energy production were obtained from available conversion factors applicable for West Virginia (USDA,
Forest Products Laboratory 2004, Wang and others 2007, Plant Fossils of West Virginia 2009).
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Carbon content in wood biomass was estimated as half of the total biomass (Eq. 1). The biomass content
removed from the forest was obtained by using a volume-density relationship (USDA, Forest Products
Laboratory 1953, Grantham and Ellis 1974, Smith 1991) for the different species (Eq. 2). Between 2000
and 20006, the ratio of net growth to removal (Eq. 3) in West Virginia forests was approximately 1.5 in terms
of volume of growing stock (Sharma and others 2009, USDA, Forest Service 2009). This ratio implies that
40 percent of current growth is harvested and the remaining 60 percent remains standing. This ratio was
even higher in previous years: 2.1 in 1994 and 2.0 in 1979 (Widmann and others 1998). This growth-to-
removal ratio means that there will be two distinct pools of forest. One pool has a higher mean age and a
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Figure 1.—Major land use in West Virginia (Data source: USGS NLCD 2001).
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lower sequestration rate than the other pool. The mean C sequestration rate for the entire forest was obtained
by proportionally applying two growth rates using Eq. (4) (Sharma 2010). These two growth rates were
applied to capture the variations in growth rate inherent in the nonlinear growth characteristics of forests.

A forest sequesters C at different rates along its life; initially, the rate is low, followed by rapid growth in the
middle and finally a slower growth rate in old stands (Sharma 2010). Removal of C occurs when forests are
harvested and this stock is estimated using Eq. (5) (derived from Eq. [3]). The harvested products emit C to
the atmosphere through decomposition and decay and often go through several production stages during their
lives. Depending on product use, these products have variable product life and a variable amount of C stored
at different times. Amount of C remaining in a product was estimated from an exponential decay function
with the half-life of C in the particular product type (Table 1) using Eq. (6). When harvesting occurs each
year, the resulting annual value of C in harvested products can be estimated by using Eq. (7). Eq. (5) remains
the parent equation for Eq. (6) and (7). C sequestered in agricultural lands and mine lands was obtained by
using area and C sequestration rate. Total terrestrial sequestration was obtained by combining C sequestered
in forests, agricultural lands, mine lands, and harvested wood product pools (Eq. 8).
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where B, is carbon in removed forest biomass, B; is biomass content in tons for species group s, VBz‘ is volume
of biomass removed in cubic feet from species group i, Dp. is density of biomass removed from species group

i, GRR is growth-to-removal ratio (> 0), ACA is annual C accrual (in million tons) in forest ecosystems, A is

Table 1.—Wood product half-life (years).

SN Category Half-life, years* Applicable products

1 Long-term product 30 Saw logs; composite products

2 Medium-term product 15 Posts, poles, and pilings; veneer logs; fiber
3 Short-term product 1 Fuelwood; misc. products; pulpwood

4 Landfills 145 Discarded residues

5 Dump and let decay 5 Unused products

*Schelhaas and others 2004
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total area of forests (in million acres), 7, is C sequestration rate from forest growth (t C/acre) in old and over-
mature stands, 7, is C sequestration rate (t C/acre) in young to mature stands, ACR is annual carbon removed
(million tons) from the forest ecosystem, Q,, | is quantity of carbon at time y, Qn is the initial quantity of
carbon in the n™ product, Y'is number of years, y is any future time period between 1 and Y, V is number of
different products from forest harvest, 7 is any product between 1 and oo, /,, is expected half-life of product
n, t is time period (year), AQ,, is the quantity of addition to previous stock in the n™ category, i = 1...y where
y22,¢=0ify<2and 1 otherwise, 7¢ is total terrestrial carbon, A, is area of agricultural lands, 4,,,,, is
area of marginal agricultural lands, Tag is C sequestration rate in agricultural lands, Tagf is C sequestration
rate in afforested marginal agricultural lands, 4,,; is area of mine lands, and 7,,; is C sequestration rate by

afforestation in mine lands. Parameters used in the model were obtained from several sources and are listed in

Table 2.

RESULTS
CARBON STOCK AND ANNUAL SEQUESTRATION

Twelve million acres of forest land in West Virginia store approximately 1,035 million tons of carbon in
different ecosystem components; more than half of the total C is stored in standing live trees (Fig. 2).

The state’s hardwood forests store a majority of the total C (Table 3). These forests sequester C at the

rate of 0.32 t C/acre (range 0.18-0.60 t C/acre) in harvested stands and at the rate of 0.21 t C/acre (range
0.05-0.29 t C/acre) in mature stands. The net annual C sequestration by these forests thus is about 3.9 million
tons. These estimates represent the net accumulation of C after deduction due to mortality and emissions and

are based on 200-year projections.

Table 2.—Definition of model parameters.

Parameter Definition Source

A Area of forest land (million acres) USGS NLCD
(Homer and others 2004)

r, Forest C sequestration rate in old stands (t C/acre/year) Sharma and others 2009,
FVS model

r, Forest C sequestration rate in young stand (t C/acre/year) Sharma and others 2009,
FVS model

GRR  Growth-to-removal ratio USDA-FS 2009

A, Area of agricultural land (million acres) USGS NLCD
(Homer and others 2004),
Niu and Duiker 2006

mag Area of marginal agricultural lands (million acres) Niu and Duiker 2006
r C sequestration rate in agricultural lands (t C/acre/year) Sperow and others 2003

Carbon sequestration rate in agricultural lands with afforestation (t C/acre/year) Sperow and others 2003,
Niu and Duiker 2006

AML Area of abandoned mine lands (million acre) WVDEP 2008

Mo C sequestration in abandoned mine lands (t C/acre/year) Sperow 2006

Mo C sequestration in abandoned mine lands with afforestation (t C/acre/year) Sperow 2006

Vg, Volume of biomass (m®) in species i TPO data,

D, Density of biomass (t/m?) in species i USDA-FPL 1953,
Grantham and Eillis 1974,
Smith 1991

Source: Sharma 2010
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Figure 2.—Carbon storage in West Virginia forest ecosystem components (in million tons).

Table 3.—Amount of carbon (million t) stored in forests in West Virginia.

Forest type/group t C/acre Area (million acres) Total (million t C)
Aspen/Birch Group 41.7 0.04 2
Elm/Ash/Cottonwood Group 108.36 0.04 4
Loblolly/Shortleaf Pine Group 72.88 0.04 3
Maple/Beech/Birch Group 95.91 3.91 375
Oak/Hickory Group 78.69 7.63 601
Oak/Pine Group 89.29 0.35 31
Spruce/Fir Group 88.31 0.02 2
White/Red/Jack Pine Group 89.05 0.08 7
All 85.23 12.12 1,035

Source: Carbon On Line Estimator (COLE)

Forest harvest in the state has remained constant at the rate of about 0.25 billion cubic feet per year. These
removals are transformed into different wood products and do not include non-growing stock removals from
thinning and silvicultural operations. HWP contain C sequestered in woody biomass from the atmosphere
through the process of photosynthesis. Atmospheric C can be lowered by increasing C stock in HWP (Dixon
and others 1994). The net reduction, however, depends on the final end uses and life of the wood products.
Of the total biomass removed from the forests, approximately one-third remains in the forest as logging
residue, almost one-fifth ends up as mill residue, and slightly more than half of the total growing stock ends

up in final wood products (Table 4).

The harvested wood products including logging residues contain 2.5 million t C. These removals are not
considered “loss” if they can be put to uses other than burning. The net carbon storage over a 20-year period
(assuming an equal amount of harvest every year, i.e., annual removal of 1.37 million t C from the forest)
when put to use as in Figure 3d, would make a total of 50.12 million t C stocked in wood products. Decay
and several short-term uses, however, diminishes this stock to 24.94 million t C over the next 20 years. If

the forest can sustainably grow this amount and the use pattern remains the same for a defined time period,
almost half of the carbon stored in the harvested volume is emitted back to the atmosphere, and the remaining

half (i.e., 1.25 million tons annually) of the harvested volume remains stored in harvested wood products.
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Table 4.—Annual estimate of volume of wood products.

Round wood Mill residue Logging residue Total

(cft) (cft) (cft) (cft) Percent
Composite products 11,771,990 11,771,990 3.52
Fuelwood 4,131,773 20,562,169 24,693,942 7.39
Posts, Poles, and Pilings 3,776,820 3,776,820 1.13
Pulpwood 21,734,742 21,734,742 6.5
Sawlogs 117,518,971 117,518,971 35.17
Veneer logs 7,849,775 7,849,775 2.35
Fiber 19,899,719 19,899,719 5.96
Misc. products 468,992 12,511,635 12,980,628 3.88
Unused 8,684,602 105,250,164 113,934,766 34.1
Total 167,253,064 61,658,125 105,250,164 334,161,353 100
Percent 50.05 18.45 31.5

Data source: USDA Timber Products Output data (1997, 2002, 2007)
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Figure 3.—Effect of different wood product use on carbon storage. (a) Unused residues are left to decay; (b) Unused
residues are disposed in landfills; (c) Unused residues are used as biofuel; (d) Unused mill residues are used as
biofuel and logging residues are left to decay.

Two million acres of crop lands in West Virginia sequester about 0.05-0.3 t C per acre per year in soil
components, resulting in a total C sequestration of 0.1-0.6 (mean 0.35) million tons annually (Sperow and
others 2003). In these lands, the growth in the aboveground biomass portion is consumed and/or decomposed
within a year and only C in the soil layer lasts for more than a year. More than 452,000 acres of surface mine
lands are devoid of biomass cover. As of 2008, about 29 percent of the total active mine lands are being

reclaimed and their sequestration is negligible.
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CARBON SEQUESTRATION ENHANCEMENT POTENTIAL

Approximately 5.5 million tons of C is annually sequestered in terrestrial components in West Virginia.
Forest growth alone provides more than 70 percent of the total annual terrestrial sequestration, followed by
sequestration in harvested wood products. Approximately 40 percent of agricultural lands in West Virginia
are reported to be marginal land, i.e., agricultural land with severe limitation due to soil, slope, erodibility,
and other environmental factors that make the primary agricultural activity less profitable. Afforestation

of marginal agricultural lands has the potential for sequestration of 1.37-1.75 t C per acre per year or
1.6-2.06 million t C per year (Niu and Duiker 2000). If this activity is carried out, mean annual C
sequestration in agricultural land becomes 1.74 million tons.

The forest C stock can be increased by bringing back the harvested stands to forest use and managing them
sustainably. When the growth-to-removal ratio is brought closer to 1 by increasing harvests and re-growing
forests in harvested regions, it increases the available growing space and the proportion of young stands. These
younger trees sequester more C per unit of time and per unit area, resulting in additional sequestration of
0.94 million t C in the forest ecosystem. Increased harvesting will also contribute 83.4 million cft of wood

to the existing estimate of HWP (assuming a constant annual removal rate). With these additional removals,
approximately 28.35 million cft of unused wood will be available for potential biomass fuel. The HWP will
then sequester an additional 0.29 million t C annually for the entire state.

Reclamation of abandoned mine lands through afforestation would result in an increase in forest area and
annual accrual of 0.56 million t C. This estimate uses a C growth rate of 2.3 t C per acre in bare soil, which
was obtained from COLE model. Thus, West Virginia could increase the current C sequestration rate by up
to 52 percent to achieve a net annual sequestration of 8.40 million tons. These potentials can be achieved by
changing land use activities in the marginal agricultural and abandoned mine sites, enhancing forest growth,

and increasing the output of sustainable wood products (Table 5).

ALTERNATIVES TO TERRESTRIAL C SEQUESTRATION

Carbon dioxide capture and storage (CCS) is the use of technology to collect and concentrate the CO,

produced by industrial and energy-related sources, transport it to a suitable storage location, and then store it
away from the atmosphere for an extended period of time. Though considered a technologically viable option
for reducing atmospheric C significantly, CCS is still an expensive measure. The cost of managing C through

CCS ranges from $60 to $300 per ton (International Panel on Climate Change 2005, Friedmann and others

Table 5.—Status and potential of terrestrial carbon sequestration in West Virginia.

Annual Sequestration (million t C)

Component Current Potential
Forest land 3.90 5.00
Agricultural land 0.35 0.14
Harvested wood products 1.25 1.55
Abandoned mine land afforestation - 0.1
Marginal agricultural land afforestation - 1.60
Total Sequestration 5.50 8.40
Percent change 100.00 152.72
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2006). On the other hand, the cost of carbon sequestration from forest activities ranges from $10 to $150 per
ton; the median range lies between $14 and $41/t C (Richards and Stokes 2004). Although cheap, forestry
based C sequestration has an upper limit on total sequestration potential. At present, up to 27 percent more
C can be sequestered by growing forests trees of suitable species in marginal lands. The avoided C emissions
associated with forest-based fossil fuel alternatives, i.e., fuel wood systems, represent a significant amount

of C emission savings. Current uses of wood products account for 28,458 tons of C emission annually and
supply 455 million British thermal units (BTUs). These wood resources would eventually decay and emit C
to the atmosphere but when used as fuel, can help reduce emissions. The energy produced can be considered
as savings as this amount of energy would have had to be obtained by burning fossil fuels. BTU savings can
be increased further by using unused logging residues to produce energy, which could provide an additional
1.3 billion BTUs and save emissions of 85,000 t C. The economic savings of woody biomass use in power
generation can be further increased when we take into account the expense of using geologic sequestration to

dispose of the carbon produced during power generation.

DISCUSSION AND CONCLUSIONS

Sustainability is key to West Virginia forests™ ability to function continuously as C sinks, which can be
achieved by removal without exceeding net growth in a particular year and use of the removed products for
long-term purposes or as replacements for fossil fuels. Sustainable harvests have the potential to increase
supply by 83.4 million cft of wood, which will contribute to 28.35 million cft of residues for possible
biomass-based energy and can prevent approximately 84,451 tons of carbon from being emitted from fossil
fuels. Increasing biomass use in power plants can boost demand for timber products, creating an incentive

to grow more timber, which will result in more sequestration along with C emission reduction from fossil
fuels. Over the long run, the carbon neutrality of biomass use will help achieve the objective of reducing C
emissions. When such opportunities exist, the unused woody biomass would start gaining some value, which
is likely to motivate land owners to convert surface mine lands and marginal agricultural lands into forestland
use. This option is likely to be lucrative if benefits of emerging carbon markets can be made available to land

owners who wish to convert the land use to forestry.

Preventing decay of these wood products can help in offsetting C emissions. Short-term wood products, such
as pulp and paper, would be considered as lasting for 1 year or less. On the other hand, long-lasting wood
products, such as structural timber and furniture, retain stored carbon for an extended period of time and go
through multiple instances of recycling. Recycling, avoiding combustion to dispose of wood, and utilizing
available residues to replace fossil fuel for power generation would enhance C sequestration. Similarly, proper
landfills and wood burials can be helpful in enhancing C sequestration. When available, unused woody
residues are used to substitute for some of the coal in power plants, the corresponding amount of C can

be saved. Using biomass for energy production combined with CCS at the source will make C emissions
negative: C in the atmosphere will be permanently reduced by substituting carbon-neutral, sustainably grown
biomass for fossil fuels. The future direction of the current study is towards studying the limits and costs of

implementing the strategies identified for C sequestration enhancements in West Virginia.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 150



LITERATURE CITED

Dixon, R.K.; Brown, S.; Houghton, R.A.; Solomon, A.M.; Trexler, M.C.; Wisniewski, J. 1994. Carbon pools
and flux of global forest ecosystems. Science. 263: 185-190.

Friedmann, S. J.; Dooley, ].J.; Held, H; Edenhofer, O. 2006. The low cost of geological assessment for
underground CO, storage: Policy and economic implications. Energy Conversion and Management.

47:13-14.

Grantham, J.B.; Ellis, T.H. 1974. Potentials of wood for producing energy. Journal of Forestry.
72:552-556.

Homer, C.; Huang, C.; Yang, L.; Wylie, B.; Coan, M. 2004. Development of a 2001 national landcover
database for the United States. Photogrammetric Engineering and Remote Sensing. 70: 829-840.

Intergovernmental Panel on Climate Change. 2005. Carbon dioxide capture and storage. Cambridge, UK:
Cambridge University Press. 431 p.

Niu, X.; Duiker, S.W. 2006. Carbon sequestration by afforestation of marginal agricultural land in
Midwestern US. Forest Ecology and Management. 223: 415-427.

Plant Fossils of West Virginia. 2009. The Appalachian “Mountains”. Available: http://www.geocraft.com/
WVFossils/coal_rank.html

Richards, K.R.; Stokes, C. 2004. A review of forest carbon sequestration cost studies: a dozen years of
research. Climate Change. 63: 1-48.

Schelhaas, M.J.; van Esch, PW.; Groen, T.A.; de Jong, M.K.; Kannienen, M.; Liski, ].; Masera, O.; Moheren,
G.M.].; Nabuurs, G.J.; Palosuo, T.; Pedroni, L.; Vallejo, A.; Vilen, T. 2004. CO2FIXV 3.1 — A modeling
framework for quantifying carbon sequestration in forest ecosystems. Wageningen, NL. 122 p.

Sharma, B.D. 2010. Modeling of forest harvest scheduling and terrestrial carbon sequestration.
Morgantown, WV: West Virginia University. 163 p. Ph.D. dissertation.

Sharma, B.D.; Wang, J.; Brooks, J.R.; Miller, G. 2009. Optimizing forest harvest strategies for timber
production and carbon sequestration. Paper presented at Society of American Foresters Annual
Convention of 2009.

Smith, W.B. 1991. Assessing removals for North Central Forest Inventories. Res. Pap. NC-299. St. Paul,
MN: U.S. Department of Agriculture, Forest Service. North Central Forest Experiment Station.

Sperow, M. 2006. Carbon sequestration potential in reclaimed mine sites in seven East-Central states.
Journal of Environment Quality. 35: 1428-1438.

Sperow, M.; Eve, M.; Paustian, K. 2003. Potential soil C sequestration on US agricultural soils. Climate
Change. 57: 319-339.

U.S. Department of Agriculture, Forest Service. 2009. Forest Inventory Data Online Vers. 1.30r0.
Washington, DC: U.S. Department of Agriculture. Forest Service. Available: http://fiatools.fs.fed.us/fido/

index.html.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 151



U.S. Department of Agriculture. Forest Products Laboratory. 1953. Density, fiber length, and yields of pulp
from various species of wood. Technical Note 191. Madison, WI: U.S. Dept. of Agriculture, Forest
Service, Forest Products Laboratory. 6 p.

U.S. Department of Agriculture, Forest Products Laboratory. 2004. Fuel value calculator. TechLine, WOE 3.
Madison, W1 : U.S. Department of Agriculture, Forest Service, Forest Products Laboratory.

U.S. Geologic Survey. 2001. National land-cover dataset. Washington, DC: U.S. Department of Interior,
Geologic Survey, Land Cover Institute. Available: http://landcover.usgs.gov/

Wang, J.; Grushecky, S.; McNeel, J. 2007. Biomass resources, uses and opportunities in West Virginia.
Morgantown, WV: West Virginia University, Biomaterials and Wood Utilization Research Center. 116 p.

Widmann R.H.; Wharton, E.H.; Murriner, E.C. 1998. West Virginia timber products output: 1994.
Resour. Bull. NE-143. Radnor, PA: U.S. Department of Agriculture, Forest Service, Northeastern
Research Station. 15 p.

West Virginia Department of Environmental Protection. 2008. West Virginia mining permit boundary
data. Available: http://gis.wvdep.org/data/omr.html.

The content of this paper reflects the views of the author(s), who are
responsible for the facts and accuracy of the information presented herein.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 152




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


